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ABSTRACT

Quality evaluation of agricultural products has been a subject of interest to many
researchers for many years. As a result, several nondestructive techniques for
quality evaluation of agricultural products have been developed. These methods are
based on the detection of various physical properties that correlate well with certain
quality factors of the products. This paper presents an overview of various quality
evaluation techniques that are based on one of the following properties: density,
firmness, vibration characteristics, X-ray and gamma ray transmission, optical
reflectance and transmission, electrical properties, aromatic volatile emission, and
nuclear magnetic resonance (NMR). The sophistication of nondestructive methods
has evolved rapidly with modern technologies. The use of various modern image
acquisition techniques, such as solid state TV camera, line-scan camera, X-ray
scanning, ultrasonic scanning, and NMR imaging, in conjunction with image-
processing techniques has provided new opportunities for researchers to develop
many new and improved techniques for nondestructive quality evaluation of
agricultural products.
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INTRODUCTION

Quality of agricultural products is an important factor to both the producers and
consumers. However, there is no clear definition of quality for agricultural
products; different researchers define quality differently. Nevertheless, certain
basic factors are commonly used to characterize quality: size, shape, color, flavor,
firmness, texture, taste, and freedom from defects and foreign materials. Since
many quality factors of agricultural products are related to physical properties of the
products, it is often possible to develop nondestructive methods for evaluating
quality based on physical properties. In the past 30 years researchers have
developed such methods for a number of agricultural products, and numerous
techniques for evaluating external quality factors, such as size, shape, color, and
some external defects, are now available commercially. Internal quality factors,
such as maturity, sugar content, oil content, firmness, internal defects, tissue
breakdown, and presence of unwanted objects, are more difficult to evaluate. The
rapid development of modern technologies has provided new opportunities for
researchers to develop many new and improved techniques for evaluating various
quality factors of agricultural products. This paper presents an overview of these
methods.
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REVIEW OF TECHNIQUES

Density

The relationship between density and the quality of agricultural products has
been recognized for more than a century. The density of many fruits and vegetables
increases with maturity. On the other hand, certain types of damage and defects,
such as frost damage in citrus, insect damage in fruits and grains, puffiness in
tomatoes, bloaters in cucumbers, and hollow heart in potatoes, tend to reduce the
density of the product. Zaltzman et al. (1987) presented a comprehensive literature
review of previous studies related to quality evaluation of agricultural products
based on density differences. The following are some of the common methods
used: removing fruits that float in water or in solutions of known density, dropping
fruits into a moving stream of water in which low-density fruits will rise faster than
high-density ones, and releasing fruits from the bottom of a flowing stream of
water and skimming off fruits of different density ranges from the top of the water
channel at different horizontal distances from the point of release (Gutterman, 1976;
Wardowski and Grierson, 1972; Perry and Perkins, 1968; and Gould, 1975). A
method that utilizes a fluidized bed medium for separating. potatoes from clods and
stones was studied extensively by Zaltzman and his co-workers (Zaltzman et al.,
1983 and 1985). They developed a pilot plant unit that can separate potatoes from
clods and stones at a rate of 5 t/h with better than 99% potato recovery and 100%
clod and stone removal.

Firmness ,

Firmness is a physical property that is often used for evaluating the quality of
fruits and vegetables. In many agricultural products firmness is related to maturity.
In general firmness of fruits decreases gradually as they become more mature and
decreases rapidly as they ripen. Overripe and damaged fruits become relatively
soft. Thus firmness can be used as a criterion for sorting agricultural products into
different maturity groups or for separating overripe and damaged fruits from good
ones. Several methods for measuring fruit firmness have been developed.

Force-deformation

Perry (1977) developed a nondestructive firmness-testing unit that applied
low-pressure air simultaneously to small areas on opposite sides of peaches to
generate a non-bruising maturity-indicating deformation. Mehlschau et al. (1981)
developed a "deformeter" for nondestructive maturity detection for pears based on
the measurement of deformation resulting from pressing two steel balls against the
opposite sides of the fruit with a fixed force. Mizrach et al. (1992) used a 3-mm
diameter pin as a mechanical thumb to sense firmness of oranges and tomatoes.
Takao (1994) developed a force-deformation type firmness tester that can measure
firmness of fruit nondestructively. The tester was name HIT counter, because it
was intended for assessing hardness, immaturity, and texture. Bellon et al. (1994)
built a micro-deformater that was able to classify peaches into three texture classes
with a 92% accuracy. Armstrong et al. (1995) developed an automatic instrument
to nondestructively determine the firmness of small fruits, such as blue berries or
cherries. The instrument utilizes the force-deflection measurement of a whole fruit
between two parallel plates. It incorporates automatic data collection and analysis
and can measure the firmness of a batch of 25 fruits within one minute.
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Impact

The force response of an elastic sphere impacting a rigid surface is governed by
the impacting velocity, mass, radius of curvature, elastic modulus, and Poisson's
ratio of the sphere. Researchers have found that the impact of a fruit on a rigid
surface can be closely modeled by the impact of an elastic sphere and that the
firmness of a fruit has a direct effect on the impact force response. Nabhir et al.
(1986) reported that when tomatoes are dropped from a 70 mm height onto a rigid
surface, the impact force response is highly correlated with fruit weight and fruit
firmness. They subsequently developed an experimental tomato grading machine
which, by measuring and analyzing the impact force response of the fruit, can
separate tomatoes on the basis of weight and color. Delwiche et al. (1987) analyzed
impact forces of peaches striking a rigid surface and found that certain impact force
characteristics were highly correlated with the fruit's elastic modulus and
penetrometer measurements of flesh firmness. A single lane firmness sorting

system was developed which used the index F/t2 (where F and t are the peak impact
force and the time required to reach peak force, respectively) to sort peaches and
pears into hard, firm, and soft categories (Delwiche et al., 1989). Other sensors
using similar techniques of dropping the fruit on a sensor were developed by
Younce and Davis (1995) and McGlone and Schaare (1996). A problem inherent to
the technique of dropping the fruit on a force sensor is that the impact force is also a
function of the mass and radius of curvature of the fruit. Therefore, a large
variation in these two parameters will affect the accuracy in firmness measurement.
A different approach is to impact the fruit with a small spherical impactor of
known mass and radius of curvature and measuring the acceleration of the
impactor. The advantage of this method is that the impact-force response is
independent of the fruit mass and is less sensitive to the variation of the radius of
curvature of the fruit. This technique was first described by Chen et al. (1985) and
was used by researchers in Spain for sensing fruit firmness (Jarén et al., 1992;
Correa et al., 1992). Ruiz-Altisent et al. (1993) developed a system which used the
impact parameters to classify fruits (apples, pears, and avocados) into different
firmness groups. Results of a study by Chen et al. (1996) indicated that using a
low-mass impactor can result in the following additional desirable features: It
increases the strength of the measured acceleration signal, increases both the
magnitude of the calculated firmness index and the rate of change of firmness index
with respect to fruit firmness (the firmness index is highly sensitive to the change in
fruit firmness), minimizes the error due to movement of the fruit during the impact,
minimizes fruit damage caused by the impact, and facilitates high speed sensing.
Based on these findings, a low-mass high-speed impact sensor was designed and
tested (Chen and Ruiz-Altisent, 1996) with good results on kiwifruits and peaches.
Lush, 1996, displayed a hand-held fruit-firmness tester, called Kiwifirm, at a
postharvest conference in New Zealand. The design of the tester was also based on
the low-mass impact technique. To measure the firmness of a fruit, the operator
presses the tip of the probe against the fruit and pushes a button to activate a small
impactor to impact the fruit and then read the firmness reading on a digital display.

Sonic vibration

The vibration characteristics of fruits and vegetables are governed by their
elastic modulus (firmness), mass, and geometry. Therefore, it is possible to
evaluate firmness of fruits and vegetables on the basis of their vibration
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characteristics.

The sonic vibration characteristics of fruits were studied by several researchers
during the late 1960's and early 1970's. An extensive study of vibration
characteristics of apples was conducted by Abbott et al. (1968). They found that
apples subjected to vibrational excitation display a series of resonant frequencies
and that the second resonant frequency is associated with flexural vibrations and is
strongly influenced by fruit size and firmness. They showed that fruit firmness is
highly correlated with a stiffness coefficient, f2m, where f and m are the second
resonant frequency and mass of the fruit, respectively. This stiffness coefficient
was later corrected by Cooke (1972) who showed that f2m2/3, rather than f2m,
should be the mass-independent indicator of fruit firmness. Further studies were
made by Finney (1970, 1971, and 1972), who developed nondestructive
techniques for evaluating firmness of intact apples and peaches. Finney and Abbott
(1978) presented a comprehensive review of techniques for measuring mechanical
resonance, vibration transmissibility, pulse propagation velocity, and the resilience
characteristics of solid food commodities.

In early 1980's Yamamoto et al. (1980 and 1981) developed a nondestructive
technique for measuring textural quality of apples and watermelons based on the
acoustic response of the fruit. They obtained the resonant frequencies of the intact
fruit by first recording the sound that was produced by hitting the fruit with a
wooden ball pendulum, and then performing Fourier transformation on the sound
signal. They found that the resonant frequencies of both apples and watermelons
decreased with storage time. They also showed that the resonant frequencies and
firmness indices, expressed as functions of the resonant frequency, mass, and
density of the fruit, are significantly correlated with fruit firmness and sensory
measurements.

The availability of high-speed data acquisition and processing technology in
recent years has renewed researchers' interests in the development of sonic
vibration and acoustic response techniques. Several teams are currently conducting
research in this area. They include researchers in the U.S. in Michigan (Armstrong
et al., 1990; Armstrong and Brown, 1993), Maryland (Abbott et al., 1992; Abbott
and Massie, 1993), and California (Chen, P. et al., 1992; Huarng et al., 1992); in
Belgium (Chen, H. et al., 1992; Chen and De Baerdemaeker, 1992); in Israel
(Kimmel et al., 1992; Shmulevich et al., 1996); and in Japan (Sugiyama et al.,
1994).

In general, the researchers detected a series of resonant frequencies. However,
in the cases where the fruit was excited by a vibrator and the vibration was detected
by an accelerometer, the lower resonant frequencies may not be those of the free
vibration of the fruit, but may be resonant frequencies that were caused by the
interaction between the fruit mass (or the accelerometer mass) and the force
developed by local deformation of the fruit.

Theoretically, for the free vibration of an elastic sphere, the elastic modulus of
the sphere is related to other physical properties as follows: E o (1+y) f2Zm?3p!
where E is elastic modulus; L is Poisson's ratio; f is resonant frequency of free
vibration; m is mass, and p is density. Since n and p are relatively constant,
researchers have found that the value of f2m?3 is a good criterion for predicting the
firmness of the fruit. However, one should not be confused between firmness as
measured by the ratio of stress/strain (or force/deformation of similar specimens)
and flesh-firmness as measured by the Magness-Taylor method, which is a measure
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of flesh strength. Another caution is that, since each fruit has more than one
resonant frequency, it is important that the same order of resonant frequency be
used when comparing firmness of different fruits.

'Using the acoustic measurement technique, Armstrong and Brown (1993)
developed a prototype packing-line apple firmness tester in order to examine
practical considerations for implementing the design into a commercial operation.
They developed computer software to determine the first resonant frequency from
the acoustic signal. Their work shows that in firmness detection where the first
resonant frequency is measured, it is desirable to suppress the higher-order
resonant frequencies. Chen, P. et al. (1992) found that higher-order resonance
could be suppressed by lengthening the impulse time (contact time between the
striker and the fruit). In addition, the result of a study on vibration mode shapes of
apples showed that, by knowing the mode shapes at different resonant frequencies,
one can strategically place the detector to either accentuate or suppress the signal
associated with a given resonant frequency (Huarng et al., 1992).

Ultrasonic methods

Ultrasonic techniques have been used quite successfully for evaluating
subcutaneous fat, total fat, lean, and other internal properties of live animals
(Wallace et al., 1977; Alliston, 1982; and Davis et al., 1964) However, researchers
have not been so successful in using ultrasonic measurements to evaluate internal
quality of fruits and vegetables. Sarkar and Wolfe (1983) conducted an
investigation to assess the potential of ultrasonic techniques for quality evaluation of
fresh and processed foods. They found that ultrasonic transmission could be used
to evaluate the stability of reconstituted orange juice, reflectance measurements
could be used to characterize orange skin texture, and a back-scatter technique could
be used to detect cracks in tomatoes. However, they also found that the attenuation
coefficient measurements of potato, cantaloupe, and apple tissues showed
extremely high values within the frequency range of 0.5 to 1.0 MHz. Similar
results were found by Upchurch et al. (1987), who tried unsuccessfully to use 1
MHz ultrasound to distinguish between damaged and undamaged apple tissue.
They concluded that, because of the porous nature of fruit tissues, high-frequency
ultrasound cannot penetrate deeply into the fruit. For this reason it was difficult to
use high-frequency ultrasound to evaluate internal quality of fruits and vegetables.
A similar problem was found by Gunasekaran and Paulsen (1986), who reported
that ultrasonic methods are not suitable for detecting stress cracks in corn kernels
because intercellular airspaces in the kernels block the ultrasonic wave
transmission. However, Hoki and Tomita (1975) reported that they successfully
propagated lower frequency ultrasonic waves of 200 kHz through soybeans. They
found good correlation between propagation velocity and moisture content in the
beans. Mizrach et al. (1989) also reported some success in using low frequency
(50 kHz) ultrasonic excitation to determine some basic acoustic properties (wave
propagation velocity, attenuation coefficient, and reflection loss) of certain fruits
and vegetables. They later reported encouraging findings on potential use of
ultrasonic techniques for internal quality evaluation of whole avocado fruit and
other fresh products (Galili et al., 1993; Mizrach et al., 1994). Haugh (1994) used
a dry-coupling broad-band transducer with a frequency of 250 kHz to detect hollow
heart in potatoes and found that the wave-form of transmitted ultrasonic signals
through a hollow heart potato differed from that of a normal potato, and that the
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defective potatoes could be separated on the basis of power spectral moment of the
transmitted ultrasonic signals.

Electrical properties

The study of electrical properties of agricultural products has interested many
researchers in the past two decades. Numerous studies have been made to
determine electrical and dielectric properties of a large variety of agricultural
materials, ranging from grains and seeds (Nelson, 1965 and 1987, and Nelson and
Lawrence, 1994) to fruits and vegetables (Nelson, 1983; Nelson et al., 1994,
Nelson et al., 1995; and Zachariah, 1976). A comprehensive review of the
electrical properties of agricultural products was published by Nelson (1973). The
electrical properties of many agricultural products, especially hygroscopic materials,
are highly dependent on moisture content. This relationship between moisture
content and electrical properties was used as a basis for developing commercial
instruments for measuring moisture content in grains and seeds. Two commonly
used electrical moisture meters for grains and seeds are the conductance-type
meters, which measure the conductivity of the product, and the capacitance-type
meters, which measure the dielectric constant. Zeleny (1954) described the general
principles and discussed the advantages and disadvantages of these two types of
moisture meters. Conductance-type moisture meters are relatively easy to operate
and to keep in proper adjustment. However, their accuracy can be easily affected
by uneven moisture distribution within or among the kernels of the grain and is
highly dependent upon the surface moisture of the kernels. Capacitance-type
moisture meters are not so sensitive to uneven moisture distribution, but the
accuracy and repeatability of results are sensitive to variations in the packing of
seeds within the test cell. Matthews (1963) discussed various factors that influence
the design of capacitance-type moisture meters and described the design of a
prototype moisture meter with improved features. Nelson and Lawrence developed
a rapid and nondestructive technique, based on capacitance measurements at 1 and 5
MHz, for estimating moisture content in individual soybeans (1994), dates (1994a),
and pecans (1995). They reported that this technique had potential for application
in the automatic sorting of dates.

The sensitivity of electrical measurements to moisture content tends to mask
changes in electrical properties associated with other variables. Zachariah (1976)
reported that a number of researchers have investigated the electrical properties of
fruits and vegetables, and, although the results indicated some relationships
between electrical properties and certain quality factors of the products, the results
were not conclusive enough to permit development of a practical method for quality
sorting of fruits and vegetables.

Optical properties

One of the most practical and successful techniques for nondestructive quality
evaluation and sorting of agricultural products is the electro-optical technique, based
on the optical properties of the product.

When a light beam falls on an agricultural product, such as a fruit, only about
4% of the incident radiation is reflected off the surface as regular reflectance. The
remaining radiation transmits through the surface, encounters small interfaces in the
cellular structure, and scatters in all directions. A large portion of the radiation will
be scattered back to the surface and leave the fruit in the vicinity of the point of
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incidence. Birth (1976) suggested the term "body reflectance" for this type of
reflection. The remaining scattered light diffuses deeper into the fruit and may
eventually reach the fruit surface some distance away from the point of incidence.
As the light travels through the fruit, a certain amount is absorbed by various
constituents of the fruit. The absorption varies with the constituents, and with the
wavelength and path length of the light. The absorbed energy is transformed into
other forms of energy. With some materials part of the absorbed radiation may be
transformed into other forms of radiation, such as fluorescence and delayed-light
emission. Thus, the radiation that leaves the surface of the fruit may consist of one
or more of the following components: regular reflectance, body reflectance,
transmittance, and emissions (fluorescence, phosphorescence, and delayed-light
emission). The characteristics of the radiation that leaves the surface of the product
depend on the properties of the product and the incident radiation. Thus,
determining such optical characteristics of an agricultural product can provide
information related to quality factors of the product.

In the past three decades, researchers have studied the optical properties of
various agricultural products and have established correlations between optical
characteristics and other quality-related properties of the products. Transmittance
and absorption characteristics have been used to evaluate the internal quality of food
products. Examples of applications include detection of blood spots in eggs
(Norris and Rowan, 1962), water core in apples (Birth and Olsen, 1964),
evaluation of fruit maturity (Birth et al., 1983), internal color of tomatoes, maturity
of tomatoes (Worthington et al., 1976 and Nattuvetty and Chen, 1980), dry matter
in onions (Birth et al., 1985), and many others.

Near-infrared analysis

Norris and his co-workers started to use near-infrared (NIR) radiation to detect
the difference in moisture content in grain in the 1960's (Norris and Hart, 1965,
and Massie and Norris, 1965). They subsequently studied NIR reflectance and
transmittance characteristics of many agricultural products and have found that
radiation in the near-infrared region of the spectrum can provide information related
to many quality factors of agricultural products. A very important contribution
made by Norris and his co-workers was the development of data treatment
techniques which make it possible to extract information from spectrophotometric
data (curves). They found that diffuse reflectance, R, and diffuse transmittance, T,
do not vary linearly with the concentration of an absorbing component in the
material. Therefore, if a linear correlation between NIR measurements and the
concentration of an absorber is desired, certain mathematical treatments of the
reflectance or transmittance data are required.

Norris (1983) summarized: "Diffuse reflectance and transmittance spectra of
agricultural products contain information about the chemical composition of the
product because each of the components has specific absorption properties. The
diffuse spectrum of a sample contains a summation of all of the overlapping
absorption bands for each of the components within the sample, plus the
contribution from all the scattering interfaces. Chemical composition can be
predicted from high-precision, low-noise, diffuse reflectance and transmittance
spectra by a number of data treatments. Conversion of data to log (VR) or log (UT)
gives adequate linearity between concentration of constituent and the measured
optical parameter. Much of the overlapping of absorption bands can be resolved by
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computing the derivative from the spectral curves, and the use of a derivative at one
wavelength divided by the derivative at another wavelength can cancel out path-
length or light-scattering effects. Combining the derivative treatment with a single-
term, linear-regression program to select the wavelengths provides for optimum
calibration coefficients to predict the chemical composition." He gave several
examples using derivative data treatments to predict the fat, moisture, and protein
contents of meat from transmittance data; the oil and moisture content of individual
intact sunflower and soybean seeds from transmittance data; and the composition of
ground samples of wheat from reflectance data.

Most of the analyses of NIR spectra were made in the wavelength domain.
McClure and co-workers (McClure et al., 1984, and Giesbrecht et al., 1981) have
shown that Fourier analysis of NIR spectra can be used with several advantages.
They found that an NIR spectrum can be transformed into a Fourier series, and the
analysis can be made solely on the Fourier coefficients (Fourier domain). They
have shown that only the first 50 Fourier coefficients are needed to represent
essentially all of the information in many NIR spectra (each of which often contains
more than 1000 data points), and only the first 11 coefficients are needed to
estimate the contents of certain chemical constituents in the materials.

The research in NIR techniques has led to the development of various
commercial NIR analyzers for multiple constituent analysis of grains, oil seeds,
meats, dairy products, feed, forages, etc. A very comprehensive book on basic
fundamentals of near-infrared technology and NIR applications in the agricultural
and food industries was compiled by Williams and Norris (1987).

A number of researchers have conducted research to determine internal
compositions of different types of fruits and vegetables. Dull and co-worker used
NIR to determine the soluble solids in cantaloupe and honeydew melons (Dull and
Birth, 1989; Dull et al., 1992). Kawano et al. (1992) used the NIR technique with
fiber optics in interactance mode to analyze sugar content of intact peaches and
found good correlation (r = 0.97) between NIR measurements and Brix value.
Similarly, Slaughter (1995) successfully used the absorption characteristics of near
infrared light in peaches and nectarines to predict their soluble solids content
(r =0.92). Bellon and Sevila (1993) developed an NIR system, which combined a
CCD spectrophotometric camera and bifurcated fiber optics, for determining soluble
solids in apples.

X-rays and gamma rays

Short wave radiations such as X-rays and gamma rays can penetrate through
most agricultural products. The level of transmission of these rays depends mainly
on the mass density and mass absorption coefficient of the material. Thus, X-rays
and gamma rays are suitable for nondestructive evaluation of quality factors that are
associated with mass density variation. Both X-rays and gamma rays have been
used for evaluating maturity of head lettuce, which becomes denser as it matures.
Lenker and Adrian (1971) developed a lettuce harvester that uses X-rays for
selecting mature lettuce heads. Garrett and Talley (1970) also developed a lettuce
maturity evaluating unit for use with a mechanical harvester, but the maturity
selection of lettuce heads was based on gamma ray transmission. Researchers have
found that X-ray techniques can be used to detect bruises in apples (Diener et al.,
1970), hollow heart in potatoes (Nylund and Lutz, 1950; Finney and Norris,
1973), split pit in peaches (Bowers et al., 1988), and granulation in oranges
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(Johnson, 1985). Johnson described an electromechanical grader, developed by
Sunkist Growers Inc., which used a low-level X-ray scanner to detect frost injury,
granulation, and presence of Alternaria in oranges, based on the detection of
variations in density within the fruit. X-rays have been used also to sort stones and
clods from mechanically harvested potatoes. Palmer et al. (1973) developed an X-
ray separator and demonstrated the feasibility of using such a separator on a
commercial potato harvester to separate stones and dirt clods from harvested
potatoes. Morita et al. (1996) investigated the use of soft X-ray for detection of
non-metallic foreign materials in food.

A number of high-speed X-ray sensors capable of detecting hollow heart in
potatoes, pits in cherries or olives, and foreign objects have been developed
recently for commercial applications. Tollner et al. (1994) gave a comprehensive
overview of ongoing research and commercial development of X-ray sensors for
nondestructive detection of interior voids and foreign inclusions in fruits and
vegetables.

Nuclear magnetic resonance

Nuclear magnetic resonance (NMR) is a technique that detects the concentration
of hydrogen nuclei (protons) and is sensitive to variations in the concentration and
the mobility of water and oil in the material. Therefore, the NMR method can be
used for evaluation of the moisture and oil content of grains and seeds (Brusewitz
and Stone, 1987; Miller et al., 1980; Rollwitz, 1985; Tollner and Rollwitz, 1988;
and Simpson, 1968). Brusewitz and Stone found that pulsed NMR techniques are
more sensitive to moisture in wheat than are currently used dielectric techniques.
The FID (free induction decay) ratio was linearly correlated with wheat moisture
over the 8% to 15% moisture content range with a 0.98 coefficient of
determination. Although NMR imaging (MRI) has been used commercially in the
medical field to detect tumors and other abnormalities in humans, its potential for
detecting defects and other quality factors in fruits and vegetables has not been fully
explored. Hinshaw et al. (1979) have shown that MRI can produce high-resolution
images of biological objects. Wang et al. (1988) used MRI methods to obtain
images of watercore and its distribution in Red Delicious apples. Chen et al. (1989)
used MRI to evaluate various quality factors of fruits and vegetables. They found
that MRI can provide high-resolution images of internal structures of intact fruits
and vegetables and can be used for nondestructive evaluation of various internal
quality factors, such as bruises, dry regions, worm damage, internal breakdown,
stage of maturity, and presence of voids, seeds, and pits. They also found that
variation of experimental parameters, such as echo delay, resolution, and thickness
of the scanning slice, can have profound effects on image enhancement of specific
features of the specimen. Rollwitz et al. (1983) suggest different types of portable
NMR sensors for agricultural applications. There has been an increased interest in
developing NMR sensors for internal quality evaluation of fruits and vegetables.
The following is a summary of recent studies in this area.

Fruits and vegetables undergo various changes during maturation. As the fruit
becomes more mature, the amounts of water, oil, and/or sugar gradually change.
The mobility of hydrogen nuclei of water, oil, and sugar may also change. In
addition, the concentration and mobility of water, oil, and sugar in fruits and
vegetables are often associated with many other quality factors, such as mechanical
damage, tissue breakdown, over-ripe condition, decay, worm damage, and frost
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damage. Since NMR can detect variations in the concentration and mobility of
water, oil, and sugar, NMR has potential for detecting various quality factors in
fruits and vegetables.

On the basis of the above hypothesis, researchers have developed various
techniques for evaluating a number of internal quality factors of selected fruits and
vegetables.

Results of a U.S.-Israel cooperative research study conducted by researchers at
University of California, Davis, and at A.R.O., the Volcani Center, Bet Dagan,
show that it is possible to use high-speed NMR techniques to evaluate maturity of
avocados (Chen et al., 1993), sugar content of prunes (Zion et al., 1994), presence
of pits in cherries (Zion et al., 1994a), and tissue breakdown in melons. The oil
content of avocados and sugar content of prunes can be determined from a single-
pulse NMR spectrum using a surface coil sensor. The FID (free induction decay)
spectrum of an intact avocado acquired with a 2-cm diameter surface coil clearly
shows the water and oil resonant peaks. The peak-ratio of the oil/water resonance
intensities correlates very well (r2 = 0.95) with the dry weight (maturity index) of
the fruit. Similarly, the FID spectrum of an intact prune has resonant peaks of
water and sugar, and the peak-ratio of the sugar/water resonance intensities has
good correlation (12 = 0.82) with the soluble solids of the prunes.

The technique of using a surface coil to acquire single-pulse FID spectra not
only facilitates rapid testing of whole fruits, but also reduces the effects of other
factors such as the size of the fruit and the presence of the seed. Chen et al. (1995)
demonstrated the feasibility of using this technique for on-line sensing of fruit
quality. Using a specially designed conveyor belt, they successfully acquired FID
spectra of avocados while they were moving at speeds up to 250 mm/s. The
oil/water resonance peak ratio, obtained from the spectrum, correlates very well
(r2 = 0.98) with the dry weight of the fruit.

For NMR imaging of fruits, variation of TR (interpulse delay) and TE (echo
delay) can result in a profound effect on image enhancement of specific features of
the specimen, such as high-contrast outlines of seeds, bruise areas, over-ripe
regions, and stage of maturity. The T-weighted NMR image of the cross-section
of four avocado sections, acquired with a TR (interpulse delay) of 50 ms and a TE
(echo delay) of 15 ms, shows a clear relationship between the intensity and oil
content of the fruit. On the other hand, when TR and TE are increased to 1000 ms
and 40 ms, respectively, the T,-weighted image shows a strong relationship
between intensity and water content. With other fruits, T,-weighted images clearly
show the presence of seeds in pomelos, internal darkening in mangos, bruised
regions in apples, and soft-tissue regions in melons.

Research is needed to optimize techniques for high-speed imaging of thick
scanning slices and high-speed image processing to extract desired feature
information from the images. Several rapid MRI scanning techniques are available
in medical imaging. The transfer of this technology requires research on the
relationship between measured NMR parameters and fruit quality factors. Given
the relationship between NMR parameters and fruit quality factors, existing pulse
sequences can be modified to detect specific defects, and image processing
algorithms can be designed for on-line sensing systems.

The use of NMR imaging has enabled researchers to examine various quality
factors of fruits in greater detail. Such techniques are not only very useful for
investigating relationships between NMR parameters and quality factors, but are
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also helpful for developing high-speed NMR techniques. For example, the study
of two-dimensional (2-D) images led to the discovery that certain quality factors,
such as tissue breakdown in melons and the presence of pits in cherries, can be
determined from the one-dimensional (1-D) profile of the 2-D image. The use of
1-D image profiles is conceptually simple, since it requires a very short data
acquisition time (about 10 ms) and simple data analysis (minimum software). For
example, an algorithm written for detection of pits in cherries based on such 1-D
image profile data requires only 13 ms of processing time.

Researchers at Purdue University have used both high-resolution and low-
resolution NMR spectrometers to determine internal quality of fruits. The results of
their early work (Cho, 1989; Cho et al., 1991) using high-resolution (200 MHz)
spectrometers indicated that the sugar content of small specimens of fruits (apple,
cantaloupe, and banana) could be determined from the amplitude of the sugar peak
of the NMR spectrum. They designed and built a low-resolution (5.35 MHz)
proton magnetic resonance sensor capable of accommodating samples with
diameters up to 30 mm (Cho et al., 1990). Various tests were conducted using this
device to measure sugar content of small fruits (with diameter less than 30 mm) and
specimens of larger fruits. Ray et al. (1993) used this device, after implementation
of design improvements, to measure sugar content of Bing cherries and reported
good correlation between the spin echo ratio (SER) and total soluble solids of the
fruit (r2 = 0.91).

Continuing research in NMR for quality evaluation of agricultural products
should lead to the development of viable NMR sensors for agricultural applications.

Machine vision

Interest is increasing in the development of machine vision systems to replace
human visual inspection. One of the major requirements in developing machine
vision systems for sorting fruits and vegetables is the ability to analyze an image
accurately and quickly. Although various methods (use of a solid state TV camera,
line-scan camera, X-ray scanning, ultrasonic scanning, NMR imaging, etc.) can be
used to obtain images of fruits and vegetables which show either external or internal
features of certain quality factors, such as color, shape, disease, injury, and
defects, it has been difficult in the past to process such images to extract the desired
feature information at an acceptable speed. Recently, the declining cost and
increasing speeds and capabilities of specialized computer hardware for image
processing have made computer vision systems more attractive for use in automatic
inspection and sorting of agricultural and food products. Many researchers have
devoted considerable effort towards the development of machine vision systems for
different aspects of quality evaluation and sorting of agricultural products. As a
result, new algorithms and hardware architectures have been developed for high-
speed extraction of features that are related to specific quality factors of fruits and
vegetables. Thomason (1986) and Godinez (1987) described a commercially
available machine-vision system that can differentiate between irregular and erratic
image features and predictable, normal image features. Some of the applications
related to food products include detection of blemishes, grading of dates based on
the amount of wrinkle, and removal of trash from vegetables. Marchant et al.
(1988) developed a computer vision system for sorting potatoes into size and shape
categories. The system, which uses a multiprocessor architecture and a hardware
data reduction unit, can sort at a speed of up to 40 potatoes per second. Delwiche
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and his co-workers have developed a line-scan imaging system for detecting defects
on dried prunes (Delwiche et al., 1988) and a color vision system for color grading
of fresh market peaches (Miller and Delwiche, 1988). Bowers et al. (1988)
combined X-ray imaging and computer-vision image analysis to detect split pits in
intact peaches. A number of sorting systems that use machine-vision techniques for
evaluating external quality factors are commercially available. It is anticipated that
high-speed image analysis techniques will play a key role in expanding the
capability of X-ray and NMR techniques for internal quality evaluation of
agricultural products.

The machine-vision technique has been further refined to include multispectral
imaging, where each point (pixel) of the image contains spectral information at
several wavelengths. Alchanatis and Searcy (1995) described three techniques for
obtaining multispectral images. Such imaging techniques enable researchers to
extract additional useful information for quality evaluation. Park and Chen (1996)
used a multispectral imaging system to develop techniques for discriminating
abnormal from normal poultry carcasses. McClure (1991) predicted that just as
NIR spectroscopy being the rapid nondestrutive analytical technique of the 20th
century, NIR imaging spectroscopy will be the analytical tool of the 21th century.

Aroma

Aroma is an important quality attribute for many agricultural products. At
present, the human nose is still the best detector for detecting the smell or aroma of
food and agricultural products. Numerous researchers have tried for many years to
develop electronic sniffers or electronic noses with limited success. A brief history
of the development of electronic noses was reported by Gardner and Bartlett
(1994). Most of the electronic noses use an array of sensors, each of which is
sensitive to the concentration of one or more components of the gas. The outputs
of the sensors are then analyzed using a pattemn-recognition procedure, e.g.,
principal-component analysis, discriminant function analysis, or neural network.
Some of the commonly used sensors are sintered metal-oxides, conducting
polymers, and quartz-resonators. Various types of sensor arrays and data
processing techniques can be found in a book entitled “Sensors and sensory
systems for an electronic nose” edited by Garner and Bartlett (1992). Gardner and
Bartlett (1994) reported that electronic noses have been used to classify the smell
(or flavor) of various beverages or foodstuffs, such as coffee beans, whiskeys,
beers, fish, and meat.

There has been an increased interest in the development of aromatic volatiles
sensors for determining fruit quality. Benady et al. (1995) developed a sniffer for
determining fruit ripeness nondestructively. The sniffer used a semiconductor gas
sensor located within a small cup to collect and sense gases emitted by the ripening
fruit. They reported that the sensor performed successfully on three muskmelon
cultivars under field and laboratory conditions over two growing seasons.

A commercial aroma sensor for determining fruit maturity was seen on the
market in Japan in 1990. The company brochure indicated that the portable tester
(about 700 g), called “Sakata Fruits Tester”, can detect decayed, over-ripe, and
unripe fruits with 99% accuracy.
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Other sources of information

The above are highlights of only a few selected applications of nondestructive
techniques for quality evaluation and sorting of agricultural products. Numerous
other applications are not covered in this article. Readers who are interested in
other applications are referred to works by Bellon (1994), Chen (1978), Chen and
Sun (1991), Dull (1986), Finney (1973, 1978), Finney and Abbott (1978),
Gaffney (1976), Gunasekaran et al. (1985), Mohsenin (1984), Nelson (1973),
Williams and Norris (1987), Zaltzman et al (1987), and reports by Kawano and
Iwamoto (1994) and various other authors in the Proceedings of the International
Workshop on Nondestructive Technologies for Quality Evaluation of Fruits and
Vegetables, ASAE Publication 05-94.

CONCLUSIONS

Several methods for nondestructive quality evaluation of agricultural products
have been reviewed. Some methods are at a more advanced stage of development
than others. Because each method is based on measurement of a given physical
property, the effectiveness of the method depends on the correlation between the
measured physical property and the quality factor of interest. Although researchers
have developed relationships between physical properties and quality factors for a
number of agricultural products, the inherent natural variability in structure,
composition, and other variables within the same batch of agricultural products
often makes it difficult to find good correlations between physical properties and
quality factors. However, through use of computers and data processing
techniques, researchers have been able to minimize the effects of extraneous factors
and improve the correlations between some measured properties and quality factors
of interest.

The most successful and most widely utilized methods are the optical methods,
which incorporate high-speed optical sensing and data processing techniques to
facilitate high-speed quality evaluation and sorting of many agricultural products
with a high degree of accuracy.

The sophistication of nondestructive methods has evolved rapidly with modern
technologies. The availability of high-speed data acquisition and processing
technology has renewed researchers' interests in the development of impact and
sonic response techniques. Some of these techniques will soon be available for
commercial applications. The rapid development of small gas sensor arrays and
high-speed pattern recognition techniques will no doubt speed up the development
of high-speed electronic aroma detectors. The use of various modern image
acquisition techniques, such as solid state TV camera, line-scan camera, X-ray
scanning, ultrasonic scanning, and NMR imaging, has enabled researchers to
examine various quality factors of agricultural products in greater detail. The
availability of many new sensors and the combination of new imaging acquisition
and high-speed image processing techniques have provided new tools with which
researchers will surely develop many new and improved techniques for
nondestructive quality evaluation of agricultural products.
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71e9 A4
9 © (Density)

Lot FAHES F3 Alole BAYE AAHE e Hdel e, B F4A3 ofx)
o M dre Askd wet Frhdc oy ZERY MY g, 34 ZE
AIA e F8), EvtESY Hd(puffiness), £°1¢ udl(bloater), At F F(hollow
heart)® & &4 9 AP LS FAEY U E #FA2A7IE Ao ATt Zaltzman 5
(1987)& U= Aol g% FAEY A HYrio B3 o]de EHESL AA3 AYss
o 4ty o AlgEE UHE F 2 MAE dASY g 2o 2oy HEs &
H2 &do] R{3e FAE AANE U, T2 B fHE HIAE Yt F
< A dxrt & A vgle o B "WeE2E A4S o&de WY, 22 2
9] wigto A AL WEF F UHE JXNZEEYH FHAGYE 2T FHAM M2 &
U Y A4AE& AANWE B9 (Gutterman, 1976, Wardowski®t Grierson, 1972;
Perry$} Perkins, 1968; Gould, 1975) %-°]t}. Zaltzman % (1983, 1985)2 # 5% (fluidized
bed) iR & o] &3l AAE FHols EZHE Ese wyd Bid A= A @
FaETh o2& AF 5EY TAE FHole ERRE Eeiste Hdyl EWUEE )
B ed, A AF&e 9% ol delAn FYold B 100% A AH AL

7J = (Firmness)

AEe FF A4 ok F3 Hrte ol&HE EAolth. W FAAE UAA
Aee S5 o UAn Yoz F4H £t FUge we Axe HFAHL
2 Ay ¢s dAld ol2d FH3] Zadd AU &4E AL vny 7
2o g4 AEe FAES ME U8 &k GAZ FRIAY B I3 AY &4
¥ AdE FAol ¥ ALoaFEH Ede 7IFeR oj8E F AW AHY BFxE
&8s R 7Hx W EC] AEH U

¥ - ¥ 3 (Force-deformation)

Perry(1977)& wie] M2 wdiHe] F& WA AYe F7NE FAd ZHE3o &4
gl SEZ& AAIe WY BAANIE vimy AZAYE FAE Lo
Mehlschau §(1981)2 73 F& #H49 ¥Ue] do] YA P22 F& wo ¥YL
235 vy os Y g5 & P& ¥ A(deformeter)E MNES AT

Mizrach %(1992) L ¥} EnlEe HAZE A&7 Y43 373 3mme #HE

mechanical thumb®. 2 AM-g38l9th. Takao(1994)&= v g A oz Ao HALEE &2AF
F Ade Y-y Yy Ax AY7E Mgsiot o) A¥rlE HIT A7tz 33
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A=, ol 7ZX(hardness), Pl %% (immaturity), ¥ % ZH(texture)
7)4\017] wj Foltt Bellon $(1994)2 92%9¢ Awz wjE& A7 uwet 3
3} ‘micro-deformatorE A 239 k. Armstrong 5(1995)8 EF gL} x
FAe AxE HgHoR AFY F Ue AF 77E LA} o FAE F )
o] By Atolo] fA|gk e A WA 9 §-H(force-deflection) &AL o] &3
ojtt, o] I AFstd deoly £3 2 ¥4 FAE 1 glon, B 257 A9
AEE FHE 7 Ao

tlo
1n i\
ox
ok
N
do
ok

%4 (Impact)

gt EHe] FEIE @4 7o WEE FE 45 A% TE w4, a4 AF o
79| Poissont|e] 9J3td AujEct AFAES Gud FuHol F e FFo] @Ay
79 FE odte wjg- IALsHA 2Ysid -)F‘ U Ao Arrt 38 o 3
HAHA DS mdE A HASAT. Nahir 5(1986)2 70 mm EoloA EnfgE s
gadt o) JEtAld o 248 gkge JJr’é—J T A & ool dvn B
D3ATE o] EL olojAM AL EvE HHIE QLaded, Bae 248 nrgs
23 X3t EnEE T3 NE V1Eo2 73 Delwiche 5(1987)2 w3t

HHo FE3te e 2498 BMEl 538% $748 SXHES Ao a4dAs ) A
P=Al 93 K2 BE FH X oo & AL LAsATE 5 FAA A7 Fed
te 2424 FH Y At oo Edétey 285 Azto|th)E o] &t uje} Hol
£ Aro wet AR BEFHIe 9F A7 AEs Ak (Delwiche 5, 1989). o<}
FTAFSHAl A Yol TS "Hojmale S ol &% 749 Younce® Davis(1995) 2
McGlone®t Schaare(1996)ll 2J3te] 7= et AlAl Yo A& alsls wgo] U
Esta de FAPE $HAYS w3 APy A FE A9 = Aol o
A olE F wivi¥E e Wdolrt AW Ax 39 HTol &S ujA AHo|rh

e e gye 48 4% A} 2E W
sl $37)9 HEEE = o,
Fol SYHolm, BY FF wrel wWolo] G Agsiti Holoh of why

L] % Chen ’to':‘

(1985)°l 9jgte Hz2 7]EHULH, 22 AFaEd oatd] A AT E 72Hx
slod ol&HA}H(Jarén &, 1992 Correa 5, 1992). Ruiz-Altisent £(1993)& £% uj
NEFE o] &3t AL, wl, olBIIE)S ME TE 4% 2§08 BESE A&
2 F7}

92 Retch Chen $(1996)¢] AT Az Aol e 24707} v 2
49 FHe I dds de Rid AEE gbes
o A7E FAAAE, HA AE A5 ANAe B AEd] GE AE Ao W

>
}O{l

&S FMNIIN(F, B AR F7 el AR dste] mj$ w7, 2594l A
B e EFo 3 AE HAE, FH o3 HHe &8 Hagen, 145 =
g 7HEstA dth oleld AnE nigon AAY 14 27 JAME AAste 799
Hjel st -3 Alg HAHE AAHCheny}t Ruiz-Altisent, 1996). 1996139l Rushi=
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wAA=AA MY F8F Ve g&3 oA Kiwifimolgtn 2 Fd& J4d F
TAEZIE HAAEAT o] AR AT FA 2-HF FA 7]Edd A Aol 4*—4
o BEE 37‘43}71 At 714 AMgAE T2H Y £ g gt A F oo
EL =8 28 F4717F 4 F3E 7I8HA 3 F 22 gAY A=@gS 94 "
9 .

€ 9 A% (Sonic vibration)

F437 opdlel WEF BHL BAASAE), A% L 715ty gejel saa Awe
% meA AF 5HL V122 o] RA ok FEE Wiks: Aol st

19600t &3 1970 ) ol AT AFAte] oEA HAe ST Aol A7
Hioh Al#e] AF EAo #3 A% = A7 Abbott 5(1968)0] <A FHEHRA
. olE2 FEFo] A Al dde FA FH4E YES 23 F3 Fagst
flexural X153 TAHO glow, HHe A7} Ardd & AL dede AE L1
st o5 Hae Aw7) stiffness AF, fmol B A#o] YUSS RYE, o7
A me 4 23 IR Fag HAHel FFojth o] stiffness AlFe dFel
Cooke(1972)0ll Q&M FAHA L, 2& fm Bt fm™o] Ao Fad 34 F=
o] X J7F Hojof #& B F71¥ <A AT7F Finney(1970, 1971, 1972) 93&|A %
sl Almel w) JiAY HEE Briele vHy 7€ AEstdoh. Finney st
Abbott(1978) A HEF9 71AH TH, A AL, "2 A £ E B4
(resilience) 549 A 7l did FA THRA AHRE A A A

1980t %o Yamamoto (1980, 1981)& #A 9l &3 wbgol 7|x3le Alge
o] z32 EAE A5 vgy Jjes MLsdn o5 RAE UYFEE 7Y F
2 B A% o #Ade LE ES F o] &g AEE Fo(Fourier) M3t 33
FEE TP oS At Ftel dojM I Faee AF 71l ATl
utegt Zagts A& BAAT. olEL EE T3 Fure 3 Foe, A, A4
9 Az g2 FAY Ax AF7t He BE Abge el o FAHA A #9
dde] A HHFATH

Faeo ng dole] £33 2 AHeg Ziwol 7hwd o wad 3 AEH &
< 719 H boll it AFAES Ao MEZYA L Ut A2 AFEEC] o] Eof
of thgt stz Yot olEL v|x v A M Armstrong 5, 1990;Armstrong I
Brown, 1993), v g W= (Abbott 5, 1992; Abbott® Massie, 1993), & X1 o} (Chen, P.
<, 1992; Huarng %, 1992), ® 7)ol (Chen, H. %, 1992; Chen® De Baerdemaeker, 1992),
o] Az} A (Kimmel 5, 1992; Shmulevich ¥, 1996) ¥ d¥(Sugiyama &, 1994)9] A A3}
o Aok

T
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iAoz A7AEL Yds T FHEE PEAT 28y e AF
JalA AAHD ASEA e HAHE Aol Re 3 FRsE A A
AEel 97 Aol ohim Talel AA(EE AEEA AWF HAU) FHA WY
oaja HAE Yoo FxAg A T FHEY 45 Aok

olgdoz g T AF WE oA o dHAlrE thgH Zo| thE 4T
gdso) gtk Eoc(1+p)fm?Pp!? &714 Ex= &47%, pE Poisson Hl, f&
CAH A FA FHE, me AFoln, o YEolth usk e wlmH IHs}7)
g o] ATAEE fm* gol 49 FEE A3 5 Y& HEgHe AL LA
ok 28y FH/ MY LY u(Ee FAR A6 Ui /¥y )R A Axd
#}%e ZEE Z£AsE Magness-Taylor Hiel ol&] 2A4E B89 Axg EF3HA
ool Fch E T E AL s HAL 3 o] R FHFE U] Wi
ANz e Fde AEE vad Y FY3 2 order)d] FF FHTE AHEEE Ao
a3t

&3 27 7]4& o]43l9 Armstrong®} Brown(1993)2 Al® ZAX Alg7]e] HAE
A A o] go FHE&g o oA AAHR HAIFES AESV] st I & A
712 MLt ol S} NTREH 154 T FR+E AFsE AFY T2
#e MEstET, o9 AY Ade 1A ¥ FuFE A BEE AE Tl U
old A FA FHFE JAsE Aol wigAdte A& Bo FUoh Chen, P F
(1992)2 24 ¥ Fafes F4 AHEEH7SG HAol FFee AhHE IFToEA
AAT 4 UAvE AL FAINATG. B AHY AT = e B AT AHdE A

o J

oft

2 ge $3 2u5dAd RE JuUE 9w Fozl 2 Fuie] nAW VxE P2
gAY E: oARES PE71E AAE F UAvE A& B FUckHuamg 5,

1992).
2% 9 24 Y (Ultrasonic methods)

259 7lee A3 AW, F A, d:m7] 9 7E Aol dE FEY R B4E H
ZbslEd 9 AFHoR ol&Fx At Wallace %, 1977, Alliston, 1982; Davis ¥,
1964). 18y dFAELS 289 FAYE Aol ofxie WF FA H 7ol o] &3
Ao E a2tk AFE AFA E&Qrt. Sarkar®t Wolfe(1983)& A M A E 3 7h3 4 &
o] FAH 2T 7ieg ol&3e st dao dAgEdrt. olE ES 9
% F(transmission) = BEE 2o %9 WA F2o GALE Hrlded, HHALS
(reflectance) £42 LA ¥y = EAE 7Issted, 4 AbfH(back scatter) 7]
€& EvtEY H(crack)E AEsed o8 F UASE #HsHAY. olEL I A,
g FE dE 92 Al 2Fd digh 229 AT 37 05 - 1.0 MHz9] F3
F oA F3) F @ U= RAE 2HSAY. &4 v EN A 2FE P
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237] $8td 1 MHz9 2S9%E A&stgdou 4F3hA £ Upchurch S(18NE
ALg dale At o]5 L FHA zHo| gFAel7] Wi nFR 25H Ase A4
WX o] AESA Rtn AL WHTG ol T olfol A unFI g A
52 FA7 opxe WME E37F HYrld ojfstE AL 4D AH {FAG EA4FH ]
Gunasekaran®} Paulsen(1986)c]l 2laiA 2AHAE, o|EL S5 U] AE Alo]
o] Bzte] 2 & AYL ety wEo] &3 FAHYPE SFF Gl 2EHS
aWe AEsted oM E HPsA gohn B astAdct ¥ Hokist Tomita(1975)%
200 kHz9 A3 2&mE Fo AgGA7|=d AFTsdctn Basddrt. oEe Fol
ol Hu&xel T4t FEF ARRAE HASHUTE Mizrach 5(1989)2 4+
a3 opsje] wid B HA ZEHA ¥ EAHAY &%, ZAs, W &4)E 2
Agto] QloA] AFH(50 kHz) A& 8 o]fo] 7Hesits A& Rudrt olg2 Fol
olR 7% Az 7E} AN FAEL] WE EAHYs 2&H J1Ed o8 F de A
oAo ATARE BEIYHGalli T, 1993; Mazrach &, 1994). Haugh(1994) 3
2 950 kHzY Az 2% #dY EIAFAE ol &dld A FF3& A8, T
2o 238 27 Az ANH AAE T3 459 #Ye] vpavdE AS A
slgon, £3g 281 A159 power spectral momentE ©]&3te &EAE FAE
g s wAasAT

¢

M

A 7]14 4 A (Electrical properties)

FA ok 20d B9 AR AYA A P AT B AFAEY #HY o
ol 83} EA(Nelson, 1965, 1987; Nelson¥} Lawrence, 1994)2 %8 I}H3} of
A (Nelson, 1983; Nelson &, 1994, 1995; Zachariah, 1976)0l o2& B FHY TAE
o] A7) (electric) 2 & (dielectric) 54& A3 Hstd B A7t FHHJG. &
AR M7 H AAo]l B AT EHZAT} Nelson(1973)0 o)ated Bt ot
g AR (E3 F54 AR AV H HAL 5o AA dEdt o e
3 @A7lE AA Alole #AVE AHE TE L FA FFE SHAPAE MEdte 7R
287t ). Yty oz A EHE FTE 2 Fx4 A7H F5E FH7E Asd A
EAE 2AHE A4uA2dy FAASFE S AdgNdEF R g 5 th
Zeleny(1954)E ©]5 T 7o AgHe durded HyAn zZtze) FdyE 7lesuh
AYEAY F4EA= 237 2Ho] 7HHEF whd, TE Yol W] EE dYo|te
g 27 Ao 9L uAY, £F BA Fgol A &3 AL LY
JrgAE F5ge BFY 2XdE A 9L ¥A Fou A JHEG wiE
7t A2 ARe] £1E we] Hojo] uj$ vlzkslth, Matthews (1963) & 7HAE X
g g5gAe BA 9FL vXE OgF ARl dsld et e, HdE FH
o] Aj&7] AAE AASYcl Nelson#} Lawrence:= 1 MHz¢t 5 MHzol A 53 % 7
HAEAS ol &3ty A&stn HHGIAH o2 £55(1994), tFokA(1994a), I
(1995) 9] &458< A= WE S MLea o5 o] ZIg S dFokde As A
Wol o] &8 4= givky B astd.

ol

He
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gagdl Oe 1714 YA PgEE BE Ass vy W7H 449 ¥sE v}
& Agol Ut} Zachariah(1976)c BE TS0l #Ax opalel A 4ol
Bafe] ATstgon 1 AREe 4714 4% FWEe oy A ARE Aol ¢
bl @A UYBzlE stded, Han oke of o]8% F As AEAH
PR AR S UG ARAE o 2HE RY

o Y i .E.

:_LL

33 817 A A (Optical properties)

FaEe) vBHE E3 §rheh Aol AolA 7 AgHolm YFHA Y& Feo
Sue Aze) oty 4L olg@ W/-B8 slEolh

Yol Az 2 FAEY Fue =gdE YAHE WA YA @A 4% H vt
o] A A AHit(regular) BHAFETH YR WAL oA = EHE T3t WFE HY
Ho), AE 72 WEe A FAWEE vty BE Bgo g A"t Al oA Y
B HELS gHoez Tl AkgHo YA B HAAE wAuriA "o
Birth(1976)& ©o]2] ¥ 8 eje] HbAlol| "body reflectance”el £ & Al&3tAnt. E2 AF
@3 A YRE o ol Q”&Eloi Faole JAHoZRE dold fRlojA BH
of zad 4 Utk Wo] A UYRE FHA3E HAHoAAN IR HAe 74 EFA
s F4dd FREE T4 %llé)r og R el A= Aolo oA dEti. F
g8 duzE o Yo Jduixz Wiy Ed uetA e FFE WAF dvA e
gdxrt & Fee AL oyx] F FF(fluorescence)ol Yt A A ¥ (delayed-light
emission) 2.2 HlE F£& vl weA HAHY FHOLZFE UoE WA dUAE the
B} e 84 F9 sy wE 1 ooz FAHE 4 Ark It vHAL body ¥HAN, F 3
2 owAl(E Y, A%, A(GY). AU ERE Yo e WA dUR e S £ 4
PALgol ol &3t), wetr] FAEe FE8H EAS A3t 4 U i JRE
dg & Ut

#A 308 5 d7A g FAES FaH Aol it dAFsigoen, %
g3 EXY g9 FAHE B Aoy FBHAE AR AFY HWEEAS
#H7tet7l YellMes FH4E7 F5¢S AHEEtn o HEHE AVEH Ao HE
o] HAZ(Norris® Rowan, 1962), At#<] water core(Birth$t Olsen, 1964), 34 = x 9
HrHBirth =, 1983), Eulgel W% M EntgEel %% (Worthington %5, 1976;
Nattuvetty$} Chen, 1980), %32l & F(Birth %, 1985) 5e°lt}.

2
al
r o

239 ¥4 (Near-infrared analysis)
Norris & 19603t F &9 g€ A& HAF7] dstd 2HYHNIR)E ol &

3}7] Al &Ae g cH(Norris$t Hart, 1965 Massie®t Norris, 1965). o] &8 Al&aiA 3L =
Ao thE NIR HHA el S35 EAE ZASIY 384 3ol Wil oy A7t FAt
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B9 oy £3 2zl #Ey ARE AFYE & dvs A& #ASATH Norriset 2
9] 2% dFAEN 9% Aty FHL B X (spectrophotometric) H OB (F )2 F
B 8% ARE 32 £ & dolg A 7ies MLd sojrh o5 A whAL
(diffuse reflectance, R)$} At@& %3} (diffuse transmittance, T)& 3 WF9 F4 24
o] 5o wi FMHoT W¥ax] Fere AL BAsUY. w@E#q NIR 39 §
A9 FE Alojo] AE A F37] s e WAL gy FHE dolHo| dig
&2 Aert dasict

_11m

Norris(1983)9] @.ote] oiatwl, “249 58 4rEe 247 548 F+ 548 2
7 e FAES] 4 v T3 s 249 ety 2yl B Yust
gsio] AUtk ARS A 2AEHE ARE TARE 8 2249 §FF B
2% FH50 glen, g7]d Age] Aok Rl 9% FFo| ¥rbse] gk #i
Aol dolE He FAe ANY nHUE AR A WA R T3 afegoz iy
gl et 24¢ A%Y F sl oIS g/ EE log/DE R 4
2o pEs 249 FA W5 Aolo] Hue AHYe A & Uk FTHAE &
Jeigel ge Ve ~dMSg THL s ¥A? 4 Rew, @ AgolHe ¥
Ag e FdAe) fEAz Jrd del F3} As Aol ¢ 9% 4N
F qdth o A Bge Adar] 99 9 ¢ ANNA T2ade FFea o
37 24 da% £ Y BA AT FHFE TE + A% Nomise dolH e
WEA g olgdel £3 wolHzRH ;Y AW, &¥ 2 wud FIL oI
e, Fo dolH=RY aerl B ERY RAS ¥ FFE AFsE WY ¥
WAL dolE 2R E WAAE NS 24E dAFss el BE oE AN

NIR 2#9EY 24 2E 33 ghdd sty 39t McClurest 35ITAE
(McClure 5, 1984; Giesbhrecht %, 1981)2 NIR dlolgje] Felo] £2] Wrgo] B 7}A)
A A D Yee BY} o5& NIR 2HEZPL Fo F52 Hagd & oy,
G Ealo] AFuE o]t BEH(FHYd gD &+ ASE THI}AY. olES
2o NIR A2HEZ(dolele £7} 100070 oo HE F+E ) X288 AL F

E 203 ARE FA&] HalME A 50709 Fel ﬂ]—?t&gii 7bEdd, &
Ag FAE 5% 388 TAH.AY FdFE U7 HalME @ AL 114 AT
gho] WasditteE AL RAoh

NIR 7)€ o9& dFE 27/, 44 2, 17, 35 AF, A5 59 & 4L
213k t}ekd A4 NIR #4719 Mg 7t 9 NIRS 712 A 5 =L
AZ AQole] &80 BE AT HA7E Williamset Norris(1987)ol ol sfa B HA -
t}.

Be dTAEC A2 ge B B okl Wy YEe AN AT ATE 9
S0 Dull $¢ 22T SUF Bee) 184 1WEL AAHY) A5 NRE
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o] &3} ¥ vH(Dull¥} Birth, 1989; Dull %, 1992). Kawano %(1992)& NIR 7|&3} A3
2t 4 H = (interactance mode)®] FAHFE o83l e YEE A5y =4, NIR &
g3t Brix & Abelo]l %EF AW (r = 097 A ol9t  FAEHA

(o]
Slaughter(1995)& 349 &4 5A4& ol &3t wjol Yeide] 7184 nPEL o

Z 3} o} Bellon®}  Sevila(1993)+ CCD ®3%3% sidagle % zZagzE Erys
(bifucated) ZMFE AT NIR A2"HS /MEste] Alate] 7184 1HELS AAIY
=3

X-A3 #vlAd (X-rays and gamma rays)

X-4 4 Zepd s Ze] fAo] FE AP dluxe YRR FARS BERY 4 9
ot} o] FHe B £EL T2 g A A% Axe FF AFd we oz u
ghA, X-A3 et dgdre] wste) J4OdAE e £4 AAE vgyHoz
Hrrsted Attt X-A3 golde BF Agdel e Agusst ARE EAS
wiE FEAe sEE Brketed o890 & Lenkerst Adrian(1971)2 X-4-& ol &

gto] =" FHAE dHEe AR FEVE NEEAT. Garrettst Talley(1970) %
HA] F7le] AHEEY] st AR HEE BASE FANE AL EH, ST
B Fulde] BHEE o] &3ATt. A7AES X-A 7]&o] Aol &4H(Diener %,
1970), #=te] %3 (Nylund$} Lutz, 1950; Finney$t Norris, 1973), #i¢] #(Bowers £,
1988), 28lx 2 A=j9o] #IH3(Johnson, 1985)E HE3d=d ol8" F &L w3y,
Johnson-& Sunkist GrowersAt7b 73 gk H7]-71A4 4 AW7jo) tjale] AdEagd =, o
Adzle A4 W59 9% ®olE ®©HAste w9 Mgld o3 &4 #Yst 2
Alternaria®l EAME #HE37] Htd AFE X-H AAUE o] &390 X-He w3
214 w835 ZAZREY &3 908 FgUledx o851 2ot Palmer 5(1973)&
X-d &Be71E MEdden, 83 g F3 Fyolg Reste AU EL #A-E
710l A& 7t S 4F53Aut Morita 5(1996)2 A E %9 H|g4A oL WA

7l 95t 2LE X-HE AHgett Wil detel Avasin

Aol A% U 23, A geuel A 2w oBAL AEY + U= B
24 X-A AM7 A4S 0Z ARHA Tollner S(1994)S HAT ofel A %
333 o249 YL MTRAHos AEes] A X-4 AAel g AT BLH
QA Aol e ARE A S

ox 10 o

3z} 7] ¥ (Nuclear magnetic resonance)

=71 FH(NMR)S F2H(FAH 528 gxsts 7l1e24 B2 Yo g ¢
I A FE E FEA ugsA 9l a8Eg NMR $He S22 £2x U
o &7 FA XS Hristed o849 5 AthBrusewitz® Stone, 1987; Miller
%, 1980; Rollwitz, 1985; Tollner$}t Rollwitz, 1988, Simpson, 1968). Brusewitz 9+ Stone

fr
A
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€ H2 NMR 7|&o] dA o851 e K& 7|t U g o RS
Bt ol FID(free induction decay)&°] 9 #F& 8% - 15%9 HHAM &34 A
o] gAE YeElAUHAAASF 098). NMR 94 (MRD-E 9|8t FololA] A W HY
EE ol TS 2] Hstd AdHoR ol&Hu IYX|v, HAHH oo AR
st 71et 4 ARE AgdEd AoAY FE 7teHe obd 2R ATHA sl
Hinshaw $(1979)2 MRI7} A& Ao Wit nRsFe d4& AT & S #HI
t}. Wang 5(1988)2 MRI WH & ©]43l9 Red Delicious & At3 W2 watercore
9} 7 B¥E #H2&5ct Chen $(1989)& MRIZ o83l Ay} okafe] thekdt E 4
AAE Frhedd. 25& MRIZY A3 ofdlle] &4 dAxY, F3l, WF 3& 55
a8l 5 2 “]—4 EA T & WF FF AA9 v gHH Hrid ol &d £ UH
gyl 258 w3 39 A <d(echo delay), ¥l 2L FAl &dlo] 2 (scanning slice)
T & Adwiaee wst Al 5 FH i gAY Ml A &7
F31 AL ¥ Rollwitz 5(1983)2 ol AL&37] A3 A8 FH Fo&
MR AAME Atatdvt. #47t okafjo] R FAE H7H3H7] 8 NMR A9 s
°ﬂ #A el FdUiso kot thS& o] Foke HTY AFE 8% Ao

mlm 1o mlo

HAR Aihe AE5HAY Fol vFd Mt dojdn. o] ojfe] we FE,
A R GRS Fol MY £ FE, X R TR T T2 ojFHE WY F
Aok vl ol A ALA FE, 7IF R BE FES o]FA] FF EH &4,
229 B9, F& 24, 74, T L Aol ¥ & T} 2 ?J_ Ao} A3 8
¥A4€ 7R At NMR2 £, 72 % 39 FE o] ¥oE AEE -
A7 W&o, Fd 3} offe] g BE FF AAE FEY 7 AE Ve E AYn

Att.

#Het 22 7H4 oy AFAEL Az MEd FA okl hEte B WEEFA
AZE Hrtsty] A 9 7€ AL

Aal Yo} st} o]~k AR.O., Volcani Center, Bet Dagan® |7 xEo] 23}
o 89 nF-o2ztd FFAT FdH olrIlxe %£E(Chen %, 1993), pruned Z
%(Zion &, 1994), A& Al EA(Zion 5, 1994a), 28lx W&o 22 #ANE HrlsE
| 24 NMR 7]1€& A48 &+ d&& aﬂ‘:} olr 7ol {2 ¥ pruned TE

n}

E Y 32Y AME o)fdld 9 HA NMR 28Egdoz e 24 &+ lth 2 em
2 7 9 31“4 FYERE Qojr &4% oluIlxe FID AHEHLE FE3 FXo i3t
3% H2E £33 i A/ FEAEY 2 HES FHY AEF(SE
2 ) )&447417} e =oh’ = 095). €43 prune?l FID AHERHL FE7 Yo
It ¥¥ AZLE 7T don, FE/FE TEAESY A2 vEL pruned FE&
AN nREDH $53 ABBAC = 082)F A2 A



@d HA FID 29EYE A7) A3l HHE I A& E Zle2 34 AHE

£3HA HANE & A & Bk ol Aol Av] € Ko Exgt e UE 2lzate
036}.a ZrAA 70tk Chen 5(1995)2 34 F@e 2 @9l HEo o 7|&g o &de
A BlFAS YdF3ATt 53 AAE Huolo] WEE o839 FHd 250 mm/s9]
£ 2 o]§dE olRtEe FID 2¥9EYRE AFHoR At 2HEG O R RE o
A KA/SE Y 93 LS B HAEFF WS & AT[BAC = 098) 7HA
o}

Aol NMR g4 Ao, TR(interpulse delay)®™ TE(echo delay)y™= A £39
A%k Ay, &4 59, s 99, 181 s 3 #S AN EY EH A ug o
Aol Mol A axE £ 4 Ak 50 mse TR¥ 15 mse] TER Aol v 7 o}
HIE ©@He Ti-7FF NMR 94 Z=e #§A g3 Alold F3gh 4d& 24t}
3, TR TEE Z7Z 1000 ms® 40 msE F7HAAE Wl To-7Hs 4L Zxe 2
g Atolo] A ARAAE JHAC dE HANAM Te-71F F4-2 pomelo W F ol A
of EA, Fael WF EW, Alate] &% agln WEo ZAJASRES Pud yE
BileR=3

TE & scanning slice® 1% 02 F4s3te 7jed JHLE2RE dte SF o
3 ARE FZ37] A% & ASAHYUIES 347@;}3}‘: ”?‘ 7} Hasith 9@ 7px 9
4143 MRI 271 7]€o] o8 otoA] o[ &= 1 Ut oledt 7j&ol oL s
T 3" NMR #Fe a9 F32 A9 4@ g 747 a8, NMR #4
9} #Ao EFA Ale) iyt o] FolNW, A AFE HAE] Y3l E:9 H
2 AFEAE FAH & #H HE A2RE Y ddHE dudFE ALY + 9
=

NMR 4€ ol§ste] ATAEL A9 e F2 A48 WA LA =AY
A HQh old® 716 NMR ®5sh B4 A Atolg) #AE sty 48
@ 9 ol 1% NMR 7148 ARsts dolE E8o) At ol B9 239 9
ol @ ATE Bt WES 24 sk A A TAS gL AW T AR
£ 2Rt 9 1RY EFprofile o 2RE AHY £ Ase ¢ 5 AA HA 17
A4 94 g3e] o4& HolEe YSAzre] He BI(SF 10 ms) HolHY EHo| 3
@otr] ME(Hhe) 2TEHC]) AYHORE Al dF £W 1Y J4ER )
JHRRE AP AE AEHY A8 A4E dRAFS A 13 mse) AYA o] &
a9,

+

i gty AFAELS HAe E A A7 st nEdTH AR5
NMR #3348 A&, 1885200 MHz) 2348 &3 289 %7 43 2
#}(Cho, 1989; Cho ¥, 1991)= #& 34 Al &(A3}, cantaloupe, BIU1H) 2] Y =& NMR
2"EYe F FA9 INFOoFZHE FAAE ¢ UASE UERAY 2582 Hd 30 mm
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A A&} %535 MHz) %2 27189 AME AA
g o]l&3lo e #HA(HA 30mm °ldhHy & FHA
& Algo] +yHATH Ray S(1993)L o] #A9 A
23389 2™ SER(spin echo ratio)9t o498 & 7}
7t dee Basty i = 091).

o AAEL A HES *’i‘*%é_}
A 28 H tHCho %, 1990). o &=
ANge 48 5146}71 ﬂt& 128
AE /MAste] Bing A2l < %E'%
24 1P E Alold F& FAAA

FAE FAEULE A Yoz NMR #8 d4E 9 Eokl HEE F SleE
NMR A &) 7Hdg ofF3fojof & Rl

714 N Z4H(Machine vision)

Atgel Azt FALE dAlE7] Y38t 71A Al Al2"e Adel tid #Ale] FoiE
Ik, A ofafe] M-S % 7|4 AL AxEE MEEEY oM F4 8F
Atgrel stue A4S Asm A&EA EAstE FHolth v WE(TV FhHE,
gl A4 Jele, X-M A0, 2&7 AW NMR 94 $)ol A7 ool gAae o
7] g8t o] &€ & leH, oleld JAL M, Yy, WE, &4 2L 2 9 22
oluy B YR A Q&Y EAS YEhuin Jo, RSN S22 A4S A
3t Yate EA9 ARE F&£3E Aol it e dAAHEE A¥ HFH
d=9oje] 71Fe] AsE WA HALEe FEo| FAEH FAEFH HEY ¥F AA
o Ao HAFE wjd A2EL o] g Ao €& FALE BA HIAYU BE AFA
Eo] HAE £ Hrte thdt Fum FAE HES 948 7A AR A€y g
of A3 =¥g Eolgrl I A A} okxle EAHF FA A BYEH 4 5
Ae nEor FZ3r7] 3 NEE LudEFH s=dol FA7E AEsEHACH
Thomason (1986)3} Godinez(1987)2 E A& /A AXEATN «dF 73t A
A A EAS TEY F de 7Y 7ted 1A AL Axded gidy 73
o} AE Qan gdd 9 7k HEAE 5 39 HE, FEY dol WE gForzt
o] M, aglxm ok ERE e AMA T k. Marchant 5(1988)2 A7|¢t P4d
2 g Azl 9% AFE vd Al2"9g e oF T2 A9 st=9 o
Al dolE ©w3t FAE zE o] A2 23 407 oY 2 AAE MEE
& glth, Delwiche®t 2% AFAELS AZ% pruned AT AE37] 9% 23 27
g Alad AAE uje) A MES 9% He vd A2dS AL ATt Bowers T
(1988)2 X-A Az AFE AL BHAAE FAgstd 4% g NE AEAC
9 E2 A9 Hrls Y VA ALE ol &3 M A|2¥le on FHPFE
FAEZY WA EAL Hristed X-A3 NMR 71&o] o 14857 JaiMe x
FAEY 7o) FaF AL B Aoz ridHrh

B o

2NA Nz 7leg wge Ao ZF H(pixelel o7 e B WiF HRE XY
3} & multispectral imagingg ¥ 3% th. Alchanatis®} Searcy(1995)% BEAHEY G4
S A7 9§ A 7R 7)ol #wate] A9y olgd FAHe] res I dF
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N

AEL FA HHE gt FriHez {48 HRE 32 5+ YA Yo Park#
Chen(1996)2 A3 =59 &3 v A AL FHs7 sl HEagey o
& AN2=dE ol &3t McClure(1991)& NIR £#o] 2041719 u]g3 B47)&9 A
Ay, NIR G4 B40] 214719 4 =471 8 Rog og7sqge)

3k 7] (Aroma)

Bl B AEY QoA Fa% FF Qo HARANE ALZe @) A ZE 3
2o HA e g #AAEE Hne HAEF Aot Be AFASo] M mE
AEetr] 98t FEEd sl goy vl M AT LS AFYL ot} A
2 zo) shdtel oidt 7hEFdE HALZE Gardner$t Bartlett(1994)o] 9)dte] R usE itk o

FEo A4 2E AAMY wWdS AHEsted 74 AME @ JhR| oAbl spa Aol ®

ol AsA gk A FHE Hucly why & FAHE BN AW 24

EE AR EGE o83ty EAEY. £3] AlgHE AHAMdE smtered metal-oxides,

conducting polymers®} quartz resonator7} Uth. ©tu¥3k dejo] dx e} oy g7

< Garner®} Bartlett(1992)7F H A3 “Sensors and sensory systems for an electronic

nose"ol A #& 4 At Gardner$} Bartlett(1994)& 73 & 927), W3 4N 179
< 28 2 AEY %S £537] st A @b olgHn Yt By}

e FHE AAs] Ast] WP AR AMY Aol B FhHo &
. Benady 5(1995)& 49 =g uAAHor F4sr7] A8 WM X718 A
shadch o] WA FA7lE 2L 3 &dl A NEA WAE ol gt AR FA Fa
2RE EUAHE tAE LY HEFC 25LE o] AT} 239 Aurizie] AN
Adeddn 23 2d0M A FF9 v2adEed datd YF3Hoes FEaPca B
&t

fu
24

Bae 258 By A APA P AL 1990d DR MRt Azt
Abe] QhHE S “Sakada AN G2 Bt o] Fulg AP 700 g)7h BHHA
U B5EAY, @ 9 H8e 09%e] AGER A2 4 dvm EAsta Yot

71} A B (Other sources of information)

oA dFTF AL AR F4 Yook AES Y8 gy 7le 3 9x B sz
e A Ao Bt B & HEdeE B =R ¥dHo] 9x 2 o2
&lol Aol e SAE Bellon(1994), Chen(1978), Chen¥ Sun(1991), Dull(1986),
Finney(1973, 1978), Finney$t Abbott(1978), Gaffney(1976), Genasekaran % (1985),
Mohsenin(1984), Nelson(1973), Williams®} Norris(1987), Zaltzman $(1987),9] =,
Kawano$t Iwamoto(1994)¢] X314 2 ASAE Publication 05-94¢! Proceedings of the
International Workshop on Nondestructive Technologies for Quality Evaluation of
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Fruits and Vegetables& #33}7] ulgrt},

S48 WTAY F Ykl O g

% JhAe) wEe AEdADG oW PHe te
Adl wlste] el o WKl slch Jr Wie 54 2o S49 244 7)xE
3 97 WEel 24 el ARE 2HE AT w49 BPl He A Az 4
duAd o g dPAEe] Be AR B4R FA A4 Alold nAE A
SFRAAT, TP BABANE T2 2Y HE L 7E W5EY AAH o] g
2437 3 oA Alolg) FE& AVBAE = Aol otk I AFEL AeAY
g9 o4& Eo ATASL REHA 89 IS ALl Y T4 F

At Abole] FBVAE BTk FAAL & AA HAch

g 4FAoln e olgxm & WEe B Wy, ok nE
A&s aAe sleel ATl We AR & nAUE A Wike AEe A
A .

ol
“‘Sr)""
&
D)

U9 AY 7€ i vy EHYHE G534 2AHAATY. uH g
A 2 AHEgr|ed AL ATFAE) FEY SFHE Ve NER BHE REE
$x3drt o 71 F B AE 2 AYHoE Hgd otk A vba AA i
n& HEd] rl&e F&£3 AL BY3) g XA ) @AY NEE 7HEE
3 Zolt}. Solid state TV Fhelgl, @<l 24 Fioiel, X-A 29049, 253 2909, 18
3 NMR 947 2& dd3de dAYE 7€ o8& AFAEAA i8S s
%’2 AzE vt} FUSIA AAY & UEEF AT BS MEL AAEY ¥, 19

I AR AAYE Jled 1d A Ve AFE AT E FAEY v HAH
“’é_l B7te 9t FEE A &L MEEed ol8¥ F Ae MEE EFE AT

I ich



