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Abstract

computed tomography in various fields of food processing.

X-ray computed tomography (CT) is a technique primarily used in medical applications that uses X-ray images to reconstruct
the internal microstructure of objects. This is considered to be a non-destructive and non-invasive technique for 3D imaging of
any materials. Using X-rays, a series of radiographs of a sample are recorded from various angles, and then used to reconstruct
the internal 3D microstructure by means of a suitable reconstruction algorithm. The method has a high penetrating power and
probing efficiency, and is unlimited by morphological complexity. This article summarizes the concept and applications of X-ray

Keywords: Non-destructive; X-rays; Computed tomography;
Internal microstructure; Defects and applications

Introduction

Quality of any agricultural produce is always of prime concern
for success in market. In agricultural industry, the quality evaluation
still heavily depends on manual inspection, which is time consuming,
laborious and costly. Manual inspection may easily be influenced by
physiological factors including subjective and inconsistent evaluation
results. Focusing on necessity to improve quality evaluation of
food products satisfies greater expectation of consumers, increased
awareness and sophistication [1-3]. Non-destructive quality evaluation
of agricultural products has become a major area of interest for
the agricultural processing industry. A number of non-destructive
methods for internal quality evaluation have been studied by different
researchers over the past eight decades [4,5]. X-ray and computed
tomography imaging techniques are few of them which are gaining
popularity now days in various fields of agriculture and food quality
evaluation. These techniques, so far predominantly used in medical
applications, have also been explored for internal quality inspection of
various agricultural products non-destructively, when quality features
are not visible on the surface of the products [6]. Though, safety of
operators and time required for tests are of concern, the non-destructive
nature of these techniques has great potential for wide applications on
agricultural produce.

Principle

The term ‘tomography’ originates from the Greek words tomos-
‘slices, and graphos-‘imaging. X-ray tomographic imaging was
introduced in the early 1970s, with its theory being first applied for
clinical purposes by Godfrey Hounsfield and Allan Cormack, for
which they shared a Nobel Prize. X-ray tomography is a non-invasive
technique that allows the visualization of the interior of a specimen via
the generation of cross-sectional data [7-12]. An X-ray beam is focused
on the studied sample and a shadow image reflecting X-ray attenuation
along the beam path is recorded (Figures land 2). The rotation of the
sample generates successive images that are stored and subsequently
analyzed by computer assisted tomography or CAT scanning.

Applications of X-ray CT in various fields of food processing

The success of X-ray tomography techniques in medical, geological,
biological and other material sciences has led to its application in food
science and technology.

Dairy products: Quantitative determination of eye formation in
cheese, Tracking microstructural evolution (Ice-cream, mayonnaise

and cheese samples), fat microstructure (yogurt), microstructure of
loose-packed and compacted milk powders [8].

Meat: Quantification of salt concentrations (cured pork),
microstructural characterization (chicken Nuggets), prediction of
salt and water content (dry cured hams), intramuscular fat level
and distribution (processed meat), salt and fat distribution analysis
(salmon), and sodium quantification (pork).

Bakery products: Pore structure of bread crumbs, Effect of crumb
morphology on water migration and crispness retention, Bubble
growth and foam setting during bread making, structural parameters
and starch crystallization (cake), effect of fat and sugar (sugar-snap
cookies), investigation of bubble size distribution, growth and setting
of gas bubbles (wheat flour dough).

Fruits and vegetables: Detect water core disorder and
characterization of ‘Braeburn’ browning disorder (apples),
quantification and characterization of internal structure (pomegranate)
and determining maturity (tomatoes).

Coffee beans and nuts: Post-harvest assessment of internal decay
(chestnuts), microstructural changes induced by roasting (coffee beans)
and insect behavior (pecan nuts).

Conclusion

Non-destructive quality evaluation of agricultural products has
become a major area of interest for the agricultural processing industry.
A number of non-destructive methods for internal quality evaluation
have been studied by different researchers over the past eight decades.
X-ray and computed tomography imaging techniques are few of them
which are gaining popularity now days in various fields of agriculture
and food quality evaluation. These techniques, so far predominantly
used in medical applications, have also been explored for internal quality
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Figure 1: X-ray computed tomography: Schematic illustration.
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Figure 2: (a) The reconstruction process where a 3D volume is created from the 2D projection images and the illustration of (b) The stacking of 2D slices to obtain (c)

A 3D image and (d) A clipped image.

inspection of various agricultural products non-destructively, when
quality features are not visible on the surface of the products. Though,
safety of operators and time required for tests are of concern, the non-
destructive nature of these techniques has great potential for wide
applications on agricultural produce. Compared to other commonly

used techniques such as bright-field imaging, light microscopy, CLSM,
TEM, SEM, or MRI, X-ray micro-CT provides a much more detailed
and more reliable description of 3D structure and is, thus, gradually

becoming a much-used tool in the study of food materials.
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