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Abstract 
A selection of fiber optic and micro-optic spectroscopy-based devices for food quality and safety 
applications is presented. Direct spectroscopy carried out in the visible and near-infrared bands 
provided a product fingerprints which were processed by means of multivariate analysis for predicting 
quality indicators. Chemically-mediated spectroscopy was used to implement sensors or dosimeters 
for quantifying analytes for food safety monitoring. The paper summarizes sensors designed and 
tested for application to the most common foodstuffs such as olive oil, milk and dairy products, fish, 
meat, as well as alcoholic beverages such as beer, wine, tequila, whisky, and many others. 
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Food Quality and Safety Issues 
“Tell me what you eat, and I’ll tell you who you 
are,” is the famous statement by Savarin 
gastronome. Indeed, food is certainly a central 
and inseparable aspect of every historical 
period, every culture, every religion, and a topic 
of endless discussion. The food is not only 
nutrition, it is also a source of great enjoyment, 
and our health depends to a large extent on 
what we eat. 
Roughly speaking, on a purely reductionist and 
scientific level, we need 2000 calories per day, 
with a typical intake of 40% carbohydrates, 30% 
proteins and 30% fats. 

Within these basic needs, there are two aspects 
and properties of food: 

‐ the hedonistic aspect: which tends to 
please our senses, not only the taste and 
the aroma, also other senses like the sight 
or the general impression we have from all 
senses – the hedonistic aspect is related to 
food quality; 

‐ the health aspect: there are many 
functional and fortified foods, antioxidant-
rich vegetables and fruits that help you 
fighting disease, and slowing down the 
aging process, provided that the food is 
free of pathogens and toxins – the health 
aspect is related to safety. 

Optical spectroscopy provides straightforward 
solutions to many requirements of quality and 
safety controls for the food and beverage 

industry [1, 2]. Two measurement approaches 
are possible: 
Direct Spectroscopy, when the light intensity 
modulated through the analyte is measured. It 
is suitable for colorimetry, as well as for 
analyzing compounds with interfering spectra. 
In fact, the poor selectivity of optical 
spectroscopy in complex media can be 
overcome by means of multivariate data 
analysis and noise suppression algorithms. 

Chemically-Mediated Spectroscopy, when the 
analyte under investigation interacts with a 
reagent and the status of the analyte is 
indirectly obtained by measuring the spectral 
properties of the reagent itself. A variety of 
sensors for food applications been presented 
that are based on chemically-assisted 
spectroscopy, since indicator chemistry has 
many chances to be adapted to give selectivity 
to a specific analyte [3]. 

This paper presents some examples of optical 
sensors making use of optical fibers and 
compact micro-optic components for food 
quality and safety monitoring. such as olive oil, 
milk and dairy products, fish, meat, as well as 
alcoholic beverages such as beer, wine, tequila, 
whisky, and many others. 

Direct Spectroscopy – Food Quality 
Assessment by VIS-NIR Fingerprints 
Direct spectroscopy is mainly used for food 
quality assessment. Since the sight is our 
primary sense providing us a first stimulus, 
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reflectance spectroscopy, especially 
colorimetry, is an irreplaceable tool for food 
sorting along the entire production process. 
Colorimeters for manual inspection, as well as 
automatic food sorters making use of line-scan 
cameras or more sophisticated spectrometers, 
are commonly used to discard defected or off-
standard products. Dry products such as pasta, 
biscuits, rice, seeds, beans, and soya are 
automatically sorted by means fast 
colorimeters, while fresh products like fruits or 
vegetables are sampled and checked by means 
of manual colorimeters [4]. Optical fiber devices 
are also used, since their geometrical versatility 
allows for localized monitoring even in harsh 
environment, for example in ovens to control 
the proper beef cooking [5].  

Actually, also the near-infrared (NIR) spectrum 
up to 2500 nm provides valuable information. In 
fact, while the VIS spectrum reveals the 
presence of dyes and pigments, the NIR 
spectrum is informative for proteins, fats and 
carbohydrates, thanks to the presence of 
overtones and combinations of vibrational 
modes of C-H, O-H, and N-H bonds [6, 7].  

Relevant advantages of VIS-NIR optical 
spectroscopy can be summarized as follows: 

‐ direct measurement of the food: no sample 
preparation is necessary; consequently, the 
analysis is simple, fast, it does not require 
manual intervention and can be carried out 
online in real time; 

‐ a small quantity of sample is sufficient; 

‐ compatibility for use in an industrial setting 
by means of low-cost instrumentation. 

The chemical information contained in an 
absorption or reflectance spectrum is defined in 
the positions and intensities of the bands. 
Whereas the band positions give information 
about the appearance and the structure of 
certain chemical compounds in a mixture, the 
intensities of the bands are related to the yield 
of these compounds. Since most foodstuffs 
contain numerous compounds, the VIS-NIR 
absorption/reflectance spectra show broad 
peaks resulting from the convolution of the 
many overlapping signals. Indeed, this 
cumulative spectrum can be considered a sort 
of optical signature of the food, the univocal 
“fingerprint” from which to extract the analysis 
of several constituents, as well as the 
evaluation of quality indicators, or the 
authenticity of the product. 

For qualitative and quantitative analysis, the 
spectroscopic fingerprinting must be calibrated 
against reference analytical data from a 
database of samples representing the best 

variability in the population. What is needed is a 
library of representative spectra and analytical 
data to which the spectrum of a test sample 
may be matched. After a data dimensionality 
reduction, in which a limited number of predictor 
variables is extracted from spectroscopic data, 
a “Calibration Matrix” is created from which the 
constituent of interest may be calculated by 
means of a linear combination of these 
predictors. The calibration equation has 
associated statistics which define the closeness 
of the fit of the actual and predicted values to 
the least square line. Then, a predicted-versus-
reference-plot is created to detect any aberrant 
data. Ideally, the scatter plot should contain 
data points distributed evenly along a straight 
line with a narrow confidence limit. A validation 
procedure is then applied for testing the 
effectiveness of calibration method. While the 
data dimensionality reduction is usually capable 
of identifying similarities among products, the 
correlation to quality indicators always needs 
the further steps of calibration and validation. 

Given the nature and complexity of the 
spectroscopic and analytical data sets involved, 
many multivariate chemometric techniques 
have been proposed [ 8 , 9 , 10 , 11 ]. The 
challenge of every multivariate data processing 
method is to provide excellent classification 
performance even when few training data are 
available. 

Indeed, smart data processing makes VIS-NIR 
optical spectroscopy a rapid and non-
destructive method for the multicomponent 
analysis of foodstuffs. Since water has a weak 
absorption in these spectral bands, also high-
moisture foods can be easily analyzed. 

VIS-NIR direct spectroscopy demonstrated 
effectiveness for many common foodstuffs, 
such as: 
‐ extra virgin olive oil: authentication of 

geographic origin of production, prediction 
of nutraceutic indicators, and fraud 
detection [12, 13, 14, 15]; 

‐ honey: authentication of geographic origin 
of production, prediction of nutraceutic 
indicators, and fraud detection [16, 17, 18]; 

‐ tea: antioxidant capacity, soluble solid 
content, composition, and discrimination of 
varieties [19, 20, 21, 22]; 

‐ alcoholic beverages (beer, cognac, tequila, 
whisky): prediction of alcoholic content, and 
fraud detection [23, 24, 25, 26, 27]; 

‐ dairy products: manufacturing processing, 
quality parameters, and identity [28, 29, 30, 
31]. 
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Chemically-Mediated Spectroscopy for Food 
Safety Monitoring 
An indicator that changes the own optical 
properties interacting with an analyte is 
commonly called “optode” or “optrode” [32, 33, 
34]: the monitoring of the target analyte is thus 
possible by measuring the analyte-induced 
modulation of the optical signal, typically 
absorption or fluorescence. The indicator must 
be physically immobilized inside a solid support, 
allowing optimized indicator-analyte interaction. 
Polymeric solid supports encapsulating 
indicators can be configured as little blocks or 
thin films suitable for coupling to fiber optic 
bundles or micro optic probes. The interrogating 
units associated to optrodes are similar to those 
used for direct spectroscopy measurements, 
typically making use of LEDs as sources and 
compact spectrometers or CCDs as detectors. 

Although countless can be the biosensors for 
selective monitoring of a target analyte, the 
most modern instruments are made of sensing 
platforms for multianalyte detection by means of 
a single interrogating unit. These devices were 
successfully tested for toxin and bacteria 
monitoring, as well as for a more general food 
screening by using fluorescent transducers [35, 
36, 37]. 

In addition to compact instruments for multi-
analysis, a particular attention was given to 
“safety spots” to be included in smart 
packaging. These spots were made of 
indicators which changed the color or 
fluorescence as a function of some 
deterioration inside the packaging, thus acting 
as a non-destructive testing system. For 
example, fish spoilage and other amine vapors 
were conveniently detected by means of 
colorimetric sensors [38, 39]. 

Since modified atmosphere using carbon 
dioxide or nitrogen is increasingly used for 
foodstuffs packaging, oxygen sensors to be 
used as visually-read or instrumentally-
interrogated patches were implemented for 
non-destructive testing of packaging integrity 
[40, 41, 42]. 

Indeed, odor sniffing of packaged food is a 
challenging idea, and many electronic noses 
based on optical technologies were proposed. 
They made use of non-selective sensors 
configured as arrays from which to extract an 
odor information. They are bio-inspired devices 
which convert the non-selective response of the 
sensor array into an odor pattern capable of 
providing a targeted olfactory perception [43, 
44, 45, 46, 47]. 
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