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Thermal imaging as a tool in food analysis
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This Letter reviews the application of thermal imaging for food quality control. Thermal imaging uses a single, portable device, which provides a
visible image of the invisible infrared radiation, and can be used for real-time monitoring at low cost compared to spectral imaging technology. To
monitor the quality parameters of the sample, classification or regression models are constructed using multivariate analysis or chemometrics

tools. Few studies have used thermography for the analysis of food to-date, so this Letter will only address thermal mapping, internal defect detec-

tion, adulteration detection and the prediction of compound concentration.
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Introduction

Infrared (IR) thermography, or thermal imaging, was
originally developed for military applications, night
surveillance and firefighting. The increasing availability
of computing technologies and statistical tools has led
to wider use of this technology, including in medicine
and materials science.’ It is a suitable tool for the food
industry due to its portability, ability to capture images
in real time, non-contact temperature measurement
and the ability to allow inspection in inaccessible loca-
tions.? Thermal imaging measures the infrared radia-
tion emitted by a surface, resulting in an image related
to the temperature distribution and thermodynamic
characteristics of each object, including food products.
Thus, this technique has the potential for use in food
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quality control, evaluating the uniformity of heat treat-
ment and the authenticity of food products from image
patterns using multivariate analysis.®™ To investigate
the application of the technique in food analysis, the
ScienceDirect database was searched for the pres-
ence of the terms “thermography”, “thermal imaging”,
“thermographic” and “food’, resulting in 556 research
articles published since 1996. When these terms were
searched in the Web of Knowledge database, only 222
articles were found in the field of food science, with
the first publication in 1991.° An exponential increase
was observed in the annual number of publications
since 1991, from one publication to a total of 69 arti-
clesin 2019.
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Theory

Infrared thermal imaging is an emerging, non-invasive
and non-destructive technique, with no contact with
the sample and no interference by colour, turbidity
or other components from the matrix. Whereas a
near infrared (NIR) spectrometer measures the radia-
tion diffusely reflected from the sample, the thermal
camera measures the radiation emitted from the
object, providing a response on the thermal emissivity
and surface temperature distribution of a large area.
Thermal IR images, called thermograms, are obtained
which are capable of showing temperature gradients
of the target, allowing the identification of patterns.
The emissivity also depends on the temperature of
the material; thus, different temperature distributions
of thermal images are obtained for food matrices and
chemical or biological materials.*’

The thermography device consists of a portable
camera capable of capturing both digital images
(RGB images) and thermal images, using an image
processing system, which is usually provided by the
manufacturer. Its advantages include the low cost
and simplicity of the equipment compared to hyper-
spectral imaging, and operation without the need
for fibre optics and a diode array detector.? Thermal
imaging cameras usually have a spectral range in the
far-infrared between 7.5um and 13 um, produce
images of 320 x 240 pixels to 1280 x 260 pixels and
provide high accuracy temperature measurements
(up to 1200°C). The camera has IR sensors to detect
electromagnetic waves emitted from the surface,
which provide a colour response for the tempera-
ture distribution over the captured area. Passive or
active thermography methods can be used. In passive
thermography, there is a difference in temperature
between the sample and the background. In active
thermography, an energy source is used to produce
the thermal contrast between target and background.
The contrast can be produced by a laser or flash
lamps, which excite the surface with different thermal
responses, always at the same distance to control the
lighting conditions and to obtain images of a fixed
size.>>7 The choice of the excitation source, the
emissivity parameters, as well as the whole theory for
calculating the electromagnetic waves emitted by the
object have been reported by Doshvarpassand, Wu
and Wang.”

Applicability

In food quality control, studies have shown that active
thermography (using an energy source) can detect
surface defects and internal browning of apples, and
the authors reported that such defects were due to
the difference in thermal diffusivity rather than emis-
sivity. ™™ In this case, a light source was not needed, as
opposed to a NIR spectrometer which would be influ-
enced by the apple skin colour. The specific character-
istic of this equipment for temperature analysis allows
its application for the detection of foreign bodies in
food due to the difference in thermal properties, with
the use of morphological and statistical analyses (by
pattern recognition). The technique enables an effective
control of the heat distributed by microwaves during
heating, bleaching, drying, pasteurisation and sterilisa-
tion processes.® In addition, it allows the identification
of corrosion in process lines, even during processing,
preventing future contamination.®*?1°

In food safety, thermal imaging has been used in
steam-disinfection of carrots in the process line, with
measurements in real time. The uniformity of heat on
the surface of the carrot was monitored, and the results
showed that treatment did not affect the integrity of the
tissues.® Izquierdo et al.”> used thermographic imaging to
identify honey adulteration with rice syrup in concen-
trations of 1%, and reported an accuracy of 95 %.
They were also able to quantify the adulterant with an
accuracy of 93%, using Convolutional Neural Network
(CNN), a deep learning algorithm (Figure 1). Despite the
construction of statistical models, the response of the
thermal image is fast and visual, unlike multispectral
images.

Oliveira et al.'? developed a method to detect alcohol
levels in vodka, whisky and cachaca, with an accuracy of
99.4-100.9 %. The method was considered robust, did
not need sample preparation and could analyse many
samples (480) simultaneously, at reduced analysis time,
lower energy consumption, and using green chemistry,
since only purified water was used in the microplates
to assess the temperature differences of the solu-
tions. Ibarra, Tao and Xin'® used thermal imaging and
neural networks to estimate the internal temperature
of cooked chicken meat. Unlike other techniques, it was
possible to estimate the internal temperature in real
time in the process line, without the need to wait a few
seconds between one sample and another.
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Figure 1. Thermal image (red box) of honey samples. The
different temperature distribution of the samples indi-
cates the adulteration detected by CNN models.’ Repro-
duced from Reference 5 with permission from Elsevier.

Multivariate analysis

Statistical techniques for image modelling have been
applied to improve the use of this technique and to
collect information from thermograms, with differentia-
tion between the surface and organic materials. These
techniques are called multivariate analyses (chemo-
metrics), which are widely used for classification and
quality control, with the advantage of evaluating many
samples and variables at the same time. The chemometric
models commonly used for classification/differentiation
include Partial Least Squares with Discriminant Analysis,
Soft Independent Modelling by Class Analogy, Principal
Component Analysis, Hierarchical Cluster Analysis and
CNN, among others.}4716>

Infrared thermal imaging is an effective alternative for
food inspection during processing, mainly due to its low
cost and fast identification of organic matter through the
classification models.

Conclusion

This Letter suggests the use of thermal imaging as a
viable alternative for food analysis, since it is a low-cost
alternative compared to other spectral techniques, uses
green chemistry and can be incorporated into portable
devices. Applications are still at an early stage, thus

further studies are needed for wider industrial applica-
tion, with emphasis on its potential for real-time evalua-
tion in the process line.
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