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1 Introduction

Quality evaluation of agricultural products has been a very important process for
grading, processing, sorting, and marketing for a very long time. increasing demand for
better quality products has increased research and development related to quality
evaluation measurements and techniques. Most fruits and vegetables are not harvested
at the same stage of maturity due to biological and environmental differences. While
modern mechanical harvesting for products being procesbsed reduces production cost it
also increases the need for proper sorting of agricultural products. Even hand-picked
fresh market products grading could benefit from additional quality sorting.

Automated sorting machines can sort fruits into several categories according to
specified quality evaluation rules. The quality evaluation rules can roughly be divided
into two parts: external and internal. Size, shape, surface color and defects and bruises
can be categorized as external quality factors and internal voids, solids, disorder, and
composition can be categorized as internal quality factors. Detecting external quality
factors is relatively easier than detecting internal factors by nondestructive methods.
Light reflection and image processing systems are commercially used for external
quality evaluation instead of manual sorting. Many internal quality attributes are hard
to detect by nondestructive methods. Researchers have been working to find methods
for evaluating internal quality attributes of agricultural and food products
nondestructively by measuring their physical, acoustical, electrical, optical, X-ray, and
nuclear magnetic resonance (NMR) properties (Gunasekaran et al., 1985; Dull, 1986; Chen
and Sun, 1991; Self et al, 1993). Most of these techniques detect certain physical

properties of the material, and hence, are suitable only for evaluating specific quality
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factors. Moreover, some techniques have potential radiation hazards caused by X-ray
and gamma ray radiation and sonic and optical methods have limited penetration depth

on certain tissues (Chen et al., 1989).

The areas of nondestructive internal quality evaluation can be divided into detection of
internal structural features and detection of chemical composition. Internal structural
features include interior voids, foreign material, and insects, internal solids such as pits
or stones, and internal disorder and chemical compositions include water, sugar, and oil.

The objectives of this study are to review nondestructive quality evaluation methods
in relationship to NMR based methods and to compare their advantages and
disadvantages.

2. Detection of Internal Structural Features

Most nondestructive internal structural feature detection techniques are based on the
principles of buoyant force, light interaction, X-ray, microwave, ultrasound, and NMR
(ASAE, 1994). Researchers have investigated defect detection techniques using buoyant
force, light interaction, and X-ray earlier than those using microwave, ultrasound, and
NMR. Detection of internal structural features requires an imaging capability in most
cases. Due to advances of modern computer technology and hardware cost reduction,
researchers can utilize X-ray and NMR systems which have imaging capability and are
widely used in medical radiology. Therefore to examine the applications of X-ray and
NMR imaging methods and to compare their utilization are important research areas.

In the applications of X-ray systems, Lenker and Adrian (1970) used an X-ray
system to determine the maturity of lettuce heads and Diener et al.(1970) applied this
technique for detecting bruises in apples. Hollow heart in potatoes was investigated by
Finney and Norris (1978) and now X-ray systems are commercially used for detecting
hollow heart in potatoes (Rex and Mazza, 1989). Brecht et al. (1991) showed X-ray
computed tomography images indicating the difference between mature and immature
tomatoes and suggested this method could be used for a nondestructive maturity
evaluation. Thomas et al. (1993) used an X-ray imaging system to detect an internal
disorder called spongy tissue in mango fruits and demonstrated the high potential of an
automated X-ray system for mangoes. In the citrus industry, commercial X-ray
systems are installed and successfully used in detecting seeds and internal voids
(Johnson, 1985).

Even though applications of magnetic resonance imaging (MRI) to agricultural products
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doesn’t have a long research history like X-ray, many researchers have investigated
this technique recently due to its potential in quality evaluation. Hinshaw et al. (1979)
demonstrated the accurate measurement of the internal structure of intact fruits could be
restored accurately using MRI methods. Wang et al. (1988) used MRI to study
watercores and their distributions in Red Delicious apples from MR images. The
difference between the normal and watercored tissues was clearly separated on the MR
images as intensity differences. Chen et al. (1989) showed MRI was very effective in
detecting most internal quality factors such as bruises, dry region, worm damage, stage
of maturity, and presence of voids, seeds, and pits of agricultural products. Ishida et al.
(1989) investigated physiological changes during maturation of a tomato using MRI and
Williamson et al. (1993) used microscopic MRI of red raspberry with voxel dimensions
of 70x70x50 um to study the changes in spatial distribution of mobile protons. Clark and
Forbes (1994) and Suzuki et al (1994) studied thermal injuries of persimmon and papaya
caused by chilling or heating using a MRI based method. McCarthy et al. (1995)
detected bruises in 2-D MR images of apples and analyzed the sources of image

contrast caused by bruises. Most of former works were done from a biological point of
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Figure 1. Schematic diagram of the on-line magnetic resonance sensor system.

—354—



view rather than an engineering point of view. Zion et al. (1994) detected pits in
cherries from MRI 1-D profiles and demonstrated a potential for using this method as
the basis of a high speed on-line sorting system. Zion et al. (1997) demonstrated the
feasibility of on-line olive pit detecting sensor based on MRI technique. Figure 1 shows
the schematic diagram of on-line MRI sensor used in the study.

X-ray and NMR imaging methods are widely used and will be more frequently used
in quality uation research. The advantages of NMR imaging methods are that they
are not harmful ie. no ionizing radiation is used in forming images unlike X-ray.
imaging methods, NMR imaging is intrinsically a three dimensional technology while
X-ray imaging is essentially a two dimensional technology, and image contrast factors
are density, mobility, diffusivity, and susceptibility of NMR sensitive nuclei while X-ray
image contrast is directly proportional to the electron density of the material. The
disadvantage of NMR imaging methods against X-ray imaging methods is that no

commercial system for quality detection is available.

3. Detection of Internal Composition

Three common components in agricultural products important in evaluating their
quality are water, soluble solids, and oil. Many nondestructive techniques are being
applied to detect these components in contrast to the detection of internal structural
features. Mechanical, sonic, light interaction, dielectric, and microwave techniques have
frequently been applied (Nattuvetty et al., 1980; Kandala et al, 1987, Nelson, 1987;
Upchurch et al., 1987, Zaltzman et al., 1987, Mizrach et al, 1989; Nelson and Lawrence,
1992; Nelson et al, 1992; Huarng et al, 1993, Sugiyama et al, 1993). Among
nondestructive composition detection techniques near-infrared (NIR) and NMR
techniques can be applied to detect component composition and have a great potential
for internal composition analysis.

NIR spectrum measurement can be divided into two methods, reflectance measurement
and transmittance measurement, based on the placement of radiation and detector.
Usually a transmittance measurement technique is preferred due to better prediction of
internal composition because the NIR radiation passes through a larger region of the
sample. For the last decade, NIR spectroscopy has been examined as a nondestructive
internal quality evaluation tool for agricultural products by many researchers. Birth et
al. (1985) showed NIR transmittance measurement for an intact sample could be used

for determination of dry matter and carbohydrate concentration in onions, and Dull et al.
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(1989) applied this technique to measure the dry matter of sliced and whole potatoes.
For measuring soluble solids (SS) in the sample, Dull et al. (1989) applied a
transmittance technique to cantaloupes, they obtained a lower correlation coefficient (r =
0.60) for intact samples which used a body transmittance technique than for slices
which used a direct transmittance technique (r = 0.968). the rind of the sample fruit
most likely disturbed the radiation resulting in a low correlation coefficient. Dull et al.
(1992) experimented on honeydew melons using an improved NIR measurement system
and obtained a better correlation coefficient for the intact sample. this technique may
be applied to thicker rind fruits such as cantaloupe and watermelon.  Professor
Slaughter of UC Davis has worked intensively on nondestructive NIR quality evaluation.
He has used a spectrometer, with a spectral span from visible to near-infrared range,
equipped with a fiber optic probe to measure the soluble solids contents of peaches and
nectarines and obtained a high correlation coefficient ( r = 0.92). Simultaneously, other
components such as sucrose and chlorophyll A were measured with high correlation
values ranging from 0.87 for sucrose to 0.97 for chlorophyll A (Slaughter, 1995).

Nuclear magnetic resonance (NMR) techniques which have spectroscopic and imaging
capability enable one to detect the internal composition of agricultural products. To
predict internal composition using NMR, one usually measures relaxation time constants
Ti and T2 from a free induction decay (FID) which is a time domain signal or the ratio
of resonance peaks from a spectrum which is a frequency domain signal. Sugar and
oil are two main maturity indexes for some agricultural products. NMR studies for
nondestructive quality evaluation have concentrated on detecting sugar and oil. For
sugar content measurement, Cho et al. (1991) used 200 Mhz high resolution NMR for
acquiring the spectra of muskmelon tissue samples and correlated a sugar resonance
peak with sugar content (r = 0.94). They suggested NMR spectroscopy could be used
to predict sugar content in intact samples because their research actually was not done
on samples of tissue. Cho et al. (1993) measured T2 of grapes and cherries using a 10
Mhz low resolution NMR and correlated this time constant with sugar content of intact
samples (r = 0.62). This study showed feasibility of NMR time domain signal analysis
for estimation of sugar content of intact fruit samples. Ray et al. (1993) analyzed FIDs
acquired from 535 Mhz low resolution magnet and showed better feasibility for the
determination of sugar content of intact cherries using time domain data analysis (r =
0.95). Jordan and Eustrace (1993) evaluated an earth’s field NMR system operating at
2.2 KHz for sugar content determination but they suggested this system didn’t have a

potential for a on-line sensor due to the long relaxation time constants at this field
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strength.

NMR spectrum analysis shows high potential for on-line high speed use. Zion et al.
(1995) demonstrated the feasibility of an NMR on-line high speed sensor detecting sugar
content of intact prunes. They used an 855 Mhz spectrometer, analyzed data in the
frequency domain and calculated the ratio of peaks of soluble solids and water
resonance. The ratio obtained from the NMR spectrum was well correlated with the
soluble solids content of intact fruits (r = 0.907).

In oil detection, Barry et al. (1983) used a low-resolution NMR spectrometer for
determining oil content of diced dried avocado flesh and the results compared very well
with a chemical oil extraction method (Soxhlet extraction). Chen et al. (1989)
demonstrated clear signal differences between mature and immature avocado NMR
images and showed the potential of detecting oil content from intact avocados using an
855 Mhz NMR spectrometer. Chen et al. (1993) analyzed time and frequency domain
signals and 2-D image data, i.e. measurement of Ti and Tp, the ratio of oil and water
resonance peaks, and image intensity. The results demonstrated that frequency domain
data analysis was very well correlated with oil content of intact avocado fruits (r =
0.976) and this technique has a high potential for nondestructive on-line quality
evaluation sensor. Chen et al. (1996) developed an on-line NMR sensor sensing maturity
of avocados. It could acquire free induction decay (FID) spectra of avocados moving at
speeds up to 25 cm/s. The oil/water resonance peak ratio, obtained from the spectrum,
correlated very well(r’=098) with the dry weight of the fruit. Figure 1 shows the
schematic diagram of on-line NMR sensor developed in the study.

The advantage of an NMR sensor and an NIR sensor is that either method can
determine the average quantity of specific compositions such as water or sugar from the
entire or a localized section of a sample. NIR sensor systems have been used
commercially since late 1980’s. However NMR based sensor systems have been studied

since beginning of 1990's.

4. Conclusions

Magnetic resonance techniques, magnetic resonance imaging and magnetic resonance
spectroscopy, are becoming powerful experimental tools that provide chemical and
internal physical information of agricultural products nondestructively without any
noticeable hazards. Magnetic resonance techniques combined with external quality
evaluation technique such as machine vision will suggest a perfect solution for

nondestructive quality evaluation of agricultural and food products.
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