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Abstract: The physical propertiesof agricultural products are very mportant in many aspects, such as to detemine some
physical characteristics (such as shape, volume, size, density, porosity, color and appearance), fruit fimness, ripeness
level and quality, to evaluate mechanical danage in grains, seed quality and integrity, genetic change and others The
present work is a reviev about some of the most commonly used physical properties of agricultural products such as
electrical conductivity, optical properties, mechanical properties and themal conductivity, which can be used in
detem ining other paraneters and properties such as the moisture content, density, microw ave dielectric frequencies,
ripeness levels, fimmness and many other paraneters in fruits, vegetables and grains M any research results in this sector

in the last three decades are alo highlighted
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1 Introduction

The physical properties of agricultural products in
the last 40 years have been investigated by many
authors due to its mportance in relation to the
detem ination of some physical characteristics (such as
shape, volume, size, density, porosity, oolor and
appearance ), fruit fimness, ripeness level and
quality, to evaluatemechanical damage in grains, seed
quality and integrity, genetical change and others
M any agects are discussed by the researchers to
establish what to measure, how to measure it, and
w hat values can be considered generally acceptable by
the perons or institutions requiring such
measuranent, available technology, economic factors
and others These properties have been investigated
by researchers for more than 60 years, actually these
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have aw idegpread use, and it ishoped that many new
technologies in relation to fruit and vegetable quality
detection w ill appear in this nevw century beginning
Themain objective of thiswork isto present an up-to-
date infomation about the most mportant physical
properties of agricultural products and their uses, in
order to detemine some physical parameters and to
protect and evaluate fruit and vegetable quality.

2 Same physical properties of agricultural
productsand their uses

2 1 Electric and dielectr ic properties

It has been demonstrated in previous scientificwork
the existing relation among electrical conductivity
properties of agricultural products and moisture
content, due to a regular variation between them.
Over the years changes in electrical properties such as
conductivity, mpedance, dielectric  constant,
dielectric loss, or power factor have been useful for
the measuranent of the moisture content in cereals
and cereal products, dried fruits, dehydrated
vegetables and other products Indeed, moisture
content inmany cases isused to correlate the electrical
" conductivity" properties of agricultural products
M oreover electrical conductivity has been used on
seeds to predict: gem ination potential, vigor, grow th
rate, to test cellular manbrane integrity, genetic
characteristics and mechanical damage resistance!* *.
The principle of electrostatic segparation has been
investigated for separating and cleaning of agricultural
seeds depending upon physical characteristics such as
w eight, size, shgpeand surface texture T he electrical
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conductivity can be influenced by substance
composition and physiological quality of the seeds
A Ithough used only for seed quality evaluation the
electrical oconductivity tests demonstrate sme
characteristics that could be useful in establishing a
damage evaluation test for grains However, tme
consumption is themajor draw back of thismethod'*.
T he electrical propertiesmay al be used to detemm ine
quality anong the ions transference, it allows the
establishment of sme quality levels in fruits,
vegetables and seeds

A ctually the dielectric properties are widely used
gecifically in microw ave dielectric heating processes
The dielectric properties are highly ocorrelated w ith
moisture content, because, the dielectric p roperties of
w ater aremuch greater than those of dry matter, and
thus, these properties are useful for sensing the
moisture content and density through electrical
measuranent of these paraneters The dielectric
properties detem ine to a large extent the behavior of
the material in interacting with high frequency or
microw ave field in dielectric heating processes or
cooking Know ledge of the dielectric properties of the
materials to be processed or measured is important in
the design of the equipment to be used for these
purposes>®. On the other hand dielectric properties
of fruits and vegetables taking into acoount their
frequency dependence, may eventually be used to
detemine some quality factors (as ripeness for
exanple) using non destructivemeasurements

M icrow ave dielectric properties of selected fruit and
vegetables measured with the opened-end ooaxial
probes and network analyzer, have been reported by
Tran " from Q 1 to 10 GHz and by Seanan'® from
Q15to 6 4 GHz Seaman and Seals® compared the
pem ittivities of the pulp and skin of pome fruits
("Red Delicious" and " Golden Delicious" apples),
stone fruit (peaches), citrus fruits (tangelos and
oranges) and bananas, at room temperature
Significant differences betw een the dielectric constants
and loss factors for the pulp and skin were found by
them .
2 2 Optical properties

A coording to optical principles intact agricultural
products are dense, light scattering materials w hich
require a highly sensitive and egecially designed
gectrophotometer for measuring their gectral
transnittance characteristics®. Optical reflectance
has been used to evaluate certain characteristics near
the surface of the product, including maturity
evaluation of fruit Optical properties are based on

reflectance, transnmittance, absrbance, or scatter of
light by the product W hen a fruit or vegetable is
exposed to light, as shown in Fig 1, about 4% of the
incident light is reflected at the outer surface, causing
gecular reflectance or gloss, and the remaining 96%
of incident energy is transnitted through the surface
into the cellular structure of the product w here it is
scattered by the small interfacesw ithin the tissue or

aboorbed by cellular constituents'™® .

Frunt or vegetable

Diffuse surface
reflectance Diffuse

transmittance

Ubcudebt
light
Transmittance

Specular
reflectance

Fig 1 Incident light on a fruit or vegetable results in gpecular
reflectance (gloss), diffuse reflectance from features at depths
to about 5 mm (body reflectance or interactance), diffuse
trangnittance, or absorbance Color results from very shallow
diffuse reflectance

Currently multi-wavelength or whole-gectra
analytical methods are being developed for non-
destructive detemination of sluble solids, acids,
starches and ripeness Starch or luble lids (SS)
content can be detemined in intact fruit (apple,
citrus, ki ifruit, mango, melons, onion, peach,
potato and tomato) "%

Oil ocontent is mportant in seeds, nuts, and
avocados and can be detemined using N IR
D ifferences between sound and damaged tissues in
visible and N IR diffuse reflectance are useful for
detecting bruises, chilling injury, scald, decay lesions
and numerous other defects™. D ifferences in images
taken at gecific wavelengths multigectral or hyper
gectral maging and computerized mage processing
techniques are being used to automate detection and
classification of many defects on line In addition to
imaging technologies, the major advances in ectral
analysis in recent years have been in statistical
methods w hich are being satisfactorily developed for
guality assessnent
2 3 Thermal propierties

Know ledge of themmal characteristic such as ecific
heat, themal oonductivity, themal diffusivity,
surface conductance and amissivity, asw ell asphysical
characteristics like density, shape and size are
essential for design of equipment and predicting of the
processing of heating or ooling of agricultural
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products™. The convection heat transfer coefficients
are mportant energy trangort properties in the design
and operation of food themal processes, they depend
strongly on the apparent visoosity of the fluid food or
consistence of the fruit and the processing equipment
From literature reviev, the structural model is
suggested to predict the effective themal conductivity
of starch-based olid food from the themal
conductivities of the slid and gas phases, and the
porosity of the material'*”. Its dependence with the
material porosity pemits the use of themal properties
to detem ine fruit firmness

Based on Fikiin et al and A bbot'*® ** observations,
the themmal behavior of fruit layers in trays may
enocounter ome difficulties First, the dependence in
the heat transfer analysis for every separate fruit using
local or product-average surface heat transfer
coefficientsw ithin product positionw ithin layer. This
method may become extramely difficult from the
beginning w ith the experimental detem ination of the
heat transfer coefficient that needs a large number of
measuranents to be calculated Secondly, when the
w hole heterogeneous system of both fruit and outer
surrounding air is regarded as a single unified systen
object, w here the systan themal behavior dependson
equivalent (effective) themophysical properties and
surface heat transfer coefficient'**.

The themal conductivity between fruit and fruit
increases ripeness state over time, al® each fruit
presents themal conductivity from skin to core,
independent of shagpe and size These difference in
ome parts of the fruit favors the presence of some
insects, for this reason the fruit producers are using
different themal treatments alone or in combination
with cold or controlled atmogphere (CA ) storage
conditions in order to elminate these insects T he fact
that the use of themal treatments can affect fruits
qualities, it is very mportant to have a complete
understanding of the influence of various factors on
heat transfer in fruits, to minimize adverse effectson
fruit quality.

2 4 Forceand mechan ical properties

The use of force and mechanical propierties in most
cases is concentrated in the detemination of fruit
fimness The mpact force has a close dependence on
mpacting velocity, mass, radiusof curvature, elastic
modulus and characteristics of contact surface In
addition, the existence of high correlation betw een
mpact force with fruit mass and fruit firmness has
been demonstrated U sing impact parameters some
fruits as gpples, pears and avocados, can be classified

into different fimness groups *°.

Diaz Perez et al ™ reported that fruits that feel
firm to the hand are found to be =oft when checked
with a penetrometer, these fruits feel as fim as
similar fruit assessed earlier in the cold storage period
Some differences between penetrometer and non-
destructive measurements are due to the fact that
these non-destructive techniques involve fruit stiffness
measuranents and that fruit stiffness does not
necessarily decrease in a monotonic way during
storage'™”!

U sing force mpact methods the effect of changes in
fruit paraneters, can be detemined, such as (mass,
radius of curvature, elasticity) and impact paraneters
such as (contact gpeed or drop height) on time-dom ain
characteristic of mpact forces different methods for
sensing the frecuency components indicative of
fimness can be evaluated'”.

U nder mechanical loading, fruits and vegetables
exhibit viscoelastic behavior w hich depends on both,
the anount of force applied and the rate of loading
However, for practical purposes, they are often
assumed to be elastic and loading rate is largely
ignored M easurement of elastic properties requires
consideration of only force and deformation, w hereas
viscoelastic measureament involves functions of force,
deformation and time'*”’.

Elasticmodulus can bemeasured non-destructively,
w hereas bioyield and rupture by definition require
ome cellular damage The best relationships among
senory fiimness, hardness and crigoness are obtained
w ith forces at or beyond deform ations that cause tissue
damage'™. Therefore a non-destructive measurement
is unlikely to produce excellent prediction of these
textural attributes or of M agness-Taylor (or smilar)
test values, although useful levels of prediction may
be attained in tissues where elastic modulus and
rupture strength are closely correlated™. Quasi static
tests do not predict mpact properties

3 Overview and conclusions

1) The use of force and mechanical properties is
suitable in the detemination of fruit fimness By
using mpact paraneters some fruits can be classified
into different fiTmness groups

2) U nder mechanical loading, fruits and vegetables
exhibit viscoelastic behavior which depends on both
the anount of force applied and the rate of loading
For practical purposes, elastic and loading may be
ignored

3) Electrical conductivity is suitable to evaluate
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mechanical damage in grains, and separate snall seeds
based on density. Electrical conductivity test is al®
cagpable of identifying genetical variability, cellular
membrane integrity, and geminative potential in
different cultivars, as well as establishing some
quality levels in fruits

4) U sing dielectrical properties, moisture contents,
density and the behavior of some materials subjected
to high frecuency like microwave fields dielectric
heating p rocesses can be detem ined
5) Themal properties are essential in the design of
equipment and in the prediction of cooling and heating
processes of agricultural products They can be used
in detem ining fruit fimness through the porosity of
the material and it is al®o very mportant in
postharvest treatments in order to eliminate insects
that may reside in some commodities

6) Optical properties have been used to evaluate
vme characteristics near the surface of the product,
including maturity evaluation of fruit, oolor,
appearance, etc

7) Through sophisticated methods such as multi
wavelength or whole-gpectra analytical methods,
w hich are based on optical properties, luble slids
and oil contents, acids, starches and ripeness, in
many fruits and vegetables, varieties can be
detem ined

8) Optical systans, egecially in the N IR region,
and newver ftware has made it possible to detect
me factors that may mprove quality indexes
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