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Preface

The first edition of this book Methods of Analysis of Food Components and Additives
was published by CRC Press/Taylor & Francis Group in 2005. The book quickly
became a highly successful and popular educational and scientific tool among acade-
micians, students, and staff working in private companies and governmental institu-
tions worldwide. The readers valued this book as good teaching material and a useful
reference. Thus, it is of no surprise that the book enjoyed a high ranking on the CRC
Press’ book list. It has turned out that, as methodological and instrumental progress
occurs, new applications materialize, which, in turn, provide a driving force for fur-
ther methodological and instrumental developments. Advances in instrumentation
and applied instrumental analysis methods have allowed scientists concerned with
food and beverage quality, labeling, compliance, and safety to meet ever-increasing
analytical demands.

The second edition of the book is an extended and updated version of the original.
The new edition follows the same format as the first edition and covers topics such
as selection of techniques, statistical assessments, rapid microbiological techniques,
and demonstration of the applications of chemical, physical, microbiological, sen-
sorial, and instrumental novel analysis to food components and additives such as
proteins, peptides and amino acids, lipids, trace elements, vitamins, carotenoids,
chlorophylls, polyphenols, drinking water, food allergens, genetically modified
components, pesticide residues, pollutants, chemical preservatives, and radioactive
components in foods. New additions include three chapters on analytical quality
assurance, carbohydrates, and natural toxins. The second edition includes important
developments in analytical quality assurance and the analysis of carbohydrates and
natural toxins in foods. The chapter on the analysis of natural toxins is an especially
welcome addition, a welcomed addition as it covers various methods of analysis of
natural toxins, which is very important for food quality control related to toxicology.
Information provided in the chapter “Analysis of Carbohydrates in Foods” would be
equally valuable for scientists, students, and staff working in the field of food qual-
ity control. The text in the remaining chapters has been updated and is supported by
numerous examples.

As the editor of this book, I would like to express my sincere thanks to all the
authors for their excellent contributions to this book.

Semih Otles
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Choosing Techniques
for Analysis of Food

Michael H. Tunick

CONTENTS
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1.2 CONSIAETALIONS .....eeeviieieeiitetieeeeeee ettt ettt eaetesa e e s e sae e e ea e eanaenaeas 2
1.3 Mechanical PrOPErties .........ccieiaiiriiiieieieee e ere et 2
L.3i]  ACOUSHC «sccsvcsiessossssomssssssnsns sosvosssssonssoussiasssiss 50 565 sansssgasnsinmnsinss sussssons 2
1.3.2 Mass—Volume—Area Related ...........cccooiiiiiiiiiiiiiiiiiieciciee 3
1.3.3  Morphology and StruCture.............ocoueeveieiirieiiiiinieccie e 3
1.3.4  RBEOIOZY -.eieiiiiiiiieeie ettt 4
1.3.4.1 Empirical and Imitative TestS .......c..coceiviiiiiiininiiiiniccinnn, 5
1:3:4.2 Fundamental Tests o nnmmsiomsmimmsmmramssmessmasssssssssissns S
1.3.5  Surface Properties..........cccoouiiiuiiirieniniiiiniiniciicniciecssiee s 6
1.3.5.1 Surface Tension and Interfacial Tension..........cccccoeeeunnnnen. 6
1.3.5.2  SHCKINESS :uaiosssivesssmmumsssssssssossnssnamssassassasssnsrsssivossorssssvasssnss 7
1.4 Physical and Physicochemical Properties..........coccovuviviniiriiininniiinciininieennns 7
1.4.1  EleCtromagnetiC ........cocveruvirueeirieniieeeetee ettt st 7
1.4.2  Mass Transfer.........cccooiiiiiiiiiiiiice e 8
1.4.3  Physicochemical CONStants ...........cccceeeiiiminiinieiiiiiiceiescns st 9
1.4.4 Thermal and Thermodynamic ..........ccccoviiiiiiiicinniniinieniniiceieene 10
1.4.4.1 Thermal Profile.........cccooiiiiiiiiiiiiniiiiiee s 10
1.4.4.2 Diffusivity, Conductivity, and Heat Transfer....................... 10
1.4.4.3  Water ACHVILY .ooueeiiiiiiiiiiir e 12
1.5  Kinetic ProPeities . svssusminissiamassisuosssssss sosisssssssisiississtess s sasssssssssssssns 12
1.5.1 Changes in QUAality .......occooiiiiiiiiiiieieee e 12
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REfOrENCES. ...iii0iiissisinmrmsimsumssssasissssssinisosss sss ieasesans seaiitsssses sisssnsnssssshissivesasssvsssninsess 13
1.1 CLASSIFICATION OF TECHNIQUES

Any technique selected for food analysis depends on what the scientist is looking
for, and there is a host of food properties from which to choose. A lengthy list of the
physical properties of food was assembled by Jowitt.! Using that list as a starting

1



2 Methods of Analysis of Food Components and Additives

point, a classification of food properties was created by Rahman? and revised by
Rahman and McCarthy.? In reorganized form, it is as follows:

* Mechanical properties (mass—volume—area related, morphometric and
structural, rheological, and surface)

* Other physical and physicochemical properties (electromagnetic, mass
transfer, physicochemical constants, thermal, and thermodynamic)

* Kinetic properties (quality kinetic constants and microbial growth—
decline—death kinetic constants)

* Sensory properties (color and appearance, odor, sound, tactile, taste, and
texture)

* Health properties (functional properties, medical properties, nutritional
composition, toxicity, and unbalanced intake)

Health properties are beyond the scope of this book, and sensory analysis will be
addressed in Chapter 12. Compositional analyses, which were not included among
physical properties in the classifications above, are covered in many of the remaining
chapters.

1.2 CONSIDERATIONS

Scientists decide which characteristics are important for a particular food and which
techniques should be used to examine them. The principles for method selection
include the following criteria:

* Ability to conduct analysis (sample size, reagents, instruments, cost, and
possible destruction of sample)

* Fundamental characteristics (precision, accuracy, sensitivity, specificity,
detection limit, and reproducibility)

* Personnel concerns (safety, simplicity, and speed)

¢ Method status (official or in-house method)

Several techniques may fit these criteria. The remainder of this chapter will deal
with different properties of food and the choices commonly available for analysis.

1.3 MECHANICAL PROPERTIES

The mechanical properties of a food deal with changes in its structure and behavior
when force is applied. The Rahman and McCarthy classification® separated mor-
phometric and structural properties, but these will be combined here since the same
techniques are used for analyzing both.

1.3.1 AcousTic

Acoustic measurements are used to evaluate crispness, which has been claimed to be
the most important food attribute affecting acceptability by consumers.* According
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to a review by Duizer,’ the two acoustical measurements used for examining crisp-
ness and crunchiness are measurement of the perception of sounds by a trained
panel and recording of the sounds produced during application of a force to a food.
Perception is evaluated by playing prerecorded biting and chewing sounds to panel-
ists or by having the panelists masticate the food themselves. Recording of sounds
produces an amplitude—time plot in which the force required to displace molecules
is measured with a microphone. Combinations of number, height, and duration of
peaks, sound pressure and energy, and other factors (Table 1.1) are used to formu-
late regression equations that characterize crispness and crunchiness.”> When used in
combination with fracture, compression, and puncture tests, acoustic measurements
can accurately describe food sounds.

1.3.2 MAss—VOLUME—AREA RELATED

This class of properties includes density, shrinkage, and porosity and is important
for material handling and process design and characterization. Shrinkage is the vol-
ume change upon thermal or other treatment, and porosity is the void volume per
total volume. True density is defined as mass per unit volume, and other types of
density used in food analysis are apparent density (includes all pores in material),
particle density (includes closed pores but not externally connected ones), material
or substance density (when no closed pores exist), and bulk density (when packed or
stacked, as in a shipment). Rahman reviewed the techniques for mass—volume—area
determinations,® which are summarized in Table 1.2.

1.3.3 MORPHOLOGY AND STRUCTURE

In food analysis, morphology is the study of the size and shape of particles and
their relation with material properties. Morphometric and structural characteristics
affect the mechanical and sensory properties of food, which are responsible for over-
all quality. Microscopy, x-ray microtomography, magnetic resonance imaging, and

TABLE 1.1

Acoustic Measurement Parameters

Parameter Definition

Amplitude Height of sound wave

Mean height x number of sound Mean height of peaks multiplied by number of peaks in
bursts amplitude—time plot

Acoustic intensity Energy per second over |-m? area

Sound pressure Force per unit area of sound wave proportional to square root of

acoustic intensity
Equivalent sound level Average of energy of sound produced
Fast Fourier analysis Determines predominant sound frequencies

Source: Duizer, L., Trends Food Sci. Technol., 12, 17-24, 2001.
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TABLE 1.2

Mass-Volume-Area Measurement Techniques

Technique

Bulk density
Buoyant force

Gas pycnometer

Geometric dimension

Liquid displacement

Mercury porosimetry

Solid displacement

Direct
Optical microscopy

X-ray microtomography

Description

Density and Shrinkage

Measures mass and volume of
container
Weighs in air and in water

Volume of gas displaced by
sample

Measures height, width, depth

Volume of nonaqueous liquid
displaced by sample

Pressure at which mercury
intrudes into pores

Volume of solid (sand and glass
beads) displaced by sample

Porosity

Compares bulk and compacted
volumes

Views random section under
microscope

Attenuation of x-rays provides
three-dimensional image

Application

Bulk density of stacked or packed
materials

Apparent density of irregularly
shaped coated solids

Apparent shrinkage. apparent
density, and particle density of
irregularly shaped solids, material
density of ground samples

Apparent shrinkage and apparent
density of regularly shaped solids

Apparent shrinkage and apparent
material and particle density of
irregularly shaped solids

Pore volume and distribution

Apparent shrinkage and apparent
density of irregularly shaped solids

Porosity of soft materials
Porosity of solids

Visualize pores in solids, estimates
void volume

Source: Rahman, M.S., Mass-volume-area-related properties of foods, Pages 1-39 in Engineering
Properties of Foods, 3rd edn., M.A. Rao, S.S.H. Rizvi, A.K. Datta, eds, CRC Press, Boca Raton,

FL, 2005.

ultrasound measurements are available for examining structure and morphology.
Falcone et al.” compared these techniques, which are shown in Table 1.3.

1.3.4 RHEOLOGY

Food rheology may be defined as the study of flow and deformation of ingre-
dients, intermediate products, and final products of food processing. The three
classes of rheological instruments are empirical, imitative, and fundamental. The
first two correlate well with sensory methods but are arbitrary and cannot be con-
verted to physical equivalents. Fundamental tests give well-defined results that
can be treated mathematically but require continuous, homogeneous, and isotropic
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TABLE 1.3

Morphology and Structure Analysis Techniques

Technique
Light microscopy

Scanning electron microscopy

Transmission electron
microscopy

Confocal laser scanning
microscopy

Atomic force microscopy

Description

Visible light illuminates stained
sample

Electrons illuminate sample
surface

Electrons pass through thin
sample layer

Laser spot induces fluorescence

Deflection of cantilevered probe

Application
View components such as fat
droplets and protein
Visualize surface

Two-dimensional picture of
internal structure

Three-dimensional topographic
map

Surface roughness

by repulsive forces on sample
surface

X-ray microtomography Attenuation of x-rays provides Three-dimensional picture of

three-dimensional image internal structure

Magnetic resonance imaging Detects proton spin alignment Spatial distribution of water, salt,

fat, etc.

Ultrasound Attenuation of ultrasonic pulses Two- and three-dimensional
images of structure and physical
state

Source: Falcone, PM., et al., Adv. Food Nutr. Res., 51, 205-263, 2006.

(same physical properties in all directions) samples and do not correlate well with
sensory methods.

1.3.4.1

There are dozens of empirical instruments for measuring rheological characteristics
of food, and these are required for evaluating samples that are not homogeneous or
isotropic. Imitative tests include texture profile analysis (TPA), which mimics chew-
ing, and instruments that simulate handling of bread dough. The quantities obtained
in TPA include hardness (maximum force during first compression), springiness
(height specimen recovers between end of first compression and start of second),
cohesiveness (ratio of area of second force—distance peak to first peak), and chewi-
ness (product of these three parameters).

Empirical and Imitative Tests

1.3.4.2 Fundamental Tests

The two major categories of fundamental tests for liquid and semisolid samples are
rotational type and tube type; for solid samples, compression, dynamic mechanical
analysis, tension, and torsion instruments are used. These types have been discussed
by Steffe® and Bourne® and are shown in Table 1.4. Dynamic mechanical analysis
is often performed using oscillatory shear analyses in the linear viscoelastic range.
All foods exhibit viscoelastic properties, and the equation governing this behavior is

G*=G' +iG” (L.1)



