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Abstract. For food safety, quality control from the foodstuff production to the tasting of foods is needed 
and should be simple and non-destructive. Recent and notable non-destructive measurements of food and 
agricultural products are based on optical and spectroscopic techniques. Spectroscopy, meets the 
requirements of industrial applications for continuous quality control and process monitoring. Hence, this 
article covers a survey of recent research works, highlighting the application of spectroscopy and machine 
learning in food processing from bibliographic database. The survey was based on relevant articles, obtained 
from scientific database and evaluated selected research works based on survey inquires, the assessment 
included food processing problem addressed (varieties classification, origin identification, adulteration and 
quality control), types of spectroscopy used, machine learning models applied to solve the particular problem 
and keyword analysis to show the perspective of the research. 

1 Introduction  
From health and safety perspective, consumer’s demand 
of quality and safe food is ever increasing. At the present 
time, maintaining food quality and safety assurance are 
principal subjects of food and beverage industries 
globally. Specialists, producers and researchers in this 
area have great responsibility that the food they process is 
safe and will not be a potential danger to the health of 
consumers [1]. For food safety, quality sensing from the 
foodstuff production to the tasting of foods is needed and 
should be simple, non-destructive, simultaneous, rapid, 
qualitative, and quantitative. In addition, the usefulness of 
the measured data for software evaluations is also 
required [2]. 

Spectroscopy, meets the requirements of industrial 
applications for continuous quality control and process 
monitoring. Furthermore, most of the recent remarkable 
nondestructive measurements of food and agricultural 
products are based on optical and spectroscopic 
techniques However, as being based on indirect 
measurements, yielding highly complex and broad 
spectra, almost impossible to interpret with the unaided 
eye, NIR spectroscopy requires calibration with 
mathematical and statistical tools (chemometrics) to 
extract analytical information from the corresponding 
spectra [3]. Spectroscopy is the study of how light 
interacts with physical bodies (Fig. 1). In spectroscopy 
applications, light is irradiated into a sample using 
different mechanisms [4]. When the outcome of the 
interaction of the light and the sample (such as fruits and 
grains) is recorded, the chemical information of the 
particular sample is therefore collected. 
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Fig. 1. Basic principle of spectroscopy. 

Spectroscopy standardizations correlate spectral data 
with chemical or physical information of the sample under 
investigation [5]. The information obtained can ultimately 
be processed and by using validated prediction or 
classification models, tasks such as content quantification, 
identification of certain foreign materials which is 
commonly known as adulteration, origin identification, 
variety classification and other problems can be solves 
effectively. Thus, the aim of this work is it to make a 
survey on the application of spectroscopy and machine 
learning in solving food processing problems. The survey 
is based on relevant articles, obtained from scientific 
database and to evaluate selected research works based on 
survey inquires to extract the expected information that 
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show the general perspective and detailed features in the 
area of spectroscopy and machine learning. 

2 Material and method 
This survey of spectroscopy and machine learning in food 
processing involved two phases. First, relevant research 
works were collected and following that, a survey and 
analysis of selected works was undertaken. In the first 
phase, a keyword-based search for conference papers or 
journal articles was done from the scientific databases 
ScienceDirect. The search was conducted by applying, 
["Spectroscopy"] AND ["varieties"] AND 
["classification"] query as search keyword. As a result, 
out of the 3940 total research articles by confining, the 
publication year to the current year (2023), and subject 
area of agricultural and biological sciences as filters 473 
results were obtained. After the previous phase, 
concentrating on shared fields of research within a limited 
scope, a total of 100 research studies were identified. To 
refine the search for papers that effectively utilize 
spectroscopy in food processing and quality evaluation, 
the initial count of papers was reduced to 45. 
Subsequently, the remaining 45 papers chosen from the 
earlier phase were individually evaluated in the 
subsequent step, considering the following survey 
inquiries: 
1. Which food processing or quality evaluation problem 
was addressed? 
2. What kind of spectroscopy was applied? 
3. Which machine learning technique was applied? 
4. Which keywords are frequently used ?  

3 Results and discussion 

3.1 Area of study 

According to the results, investigating areas of studies 
addressed by the authors, adulteration detection appears 
to be the most common problem solved [6, 7, 8]. 
Following adulteration, classification of varieties and 
discrimination is the next commonly addressed problem 
[9-11]. Moreover, origin identification of different fruits 
and crops is among the common area of interest among 
many authors [9,11]. Finally, content analysis or 
quantitative investigation covers around 20% of the total 
articles surveyed [12-14]. Detailed list of references of 
respective study area and the proportion of study area are 
provided in Table 1 and Fig. 2 respectively. 

Table 1. Font styles for a reference. 

Area of Study References 

Classification [9, 10, 11, 13, 15, 16, 17, 18, 19, 
20, 47] 

Origin Identification [21, 22, 23, 24, 25, 26, 27, 28, 29, 
30] 

Adulteration [4, 8, 10, 31, 32, 33, 34, 35, 36, 
37, 38, 39] 

Content Analysis [40, 41, 42, 43, 44, 45, 48] 
Other [46] 

 
Fig. 2. Proportion of the areas of study. 

3.2 Types of spectroscopy 

The survey revealed that Near infrared (NIR), Mid 
infrared (Mid-IR), fluorescence, Raman. Fourier 
Transform Infrared (FTIR) and other are the most 
commonly used types of spectroscopy. Out of the total 
works, 42% was based on NIR spectroscopy, followed by 
fluorescence and Raman spectroscopy having 16% and 
11.1% proportions respectively. Apart from these FTIR 
and other spectroscopy techniques covered collectively 
30% of the total studies. Fig. 3 shows the percentile 
distribution of the types of spectroscopy used. 

 
Fig. 3. Percentile distribution of the types of spectroscopy 
applied. 

3.3 Models applied to solve the problems 

Among the models used to solve several problesms in the 
area of spectroscopy and food processing, Partial least 
square linear discriminat analysis (PLS-LDA) is most 
frequently used covering 37% of the total works. Support 
vector machine (SVM) anlgorthim used to solve 
classfication problems is found to be the second 
commonly applied model having 19% of the total works. 
Furtheremore, Principal componet analysis (PCA) 
unsupervised machine learning algorthm, neural netwokrs 
(NN), K-nearest neigbor (KNN), Random forest (RF) and 
Gradient boosting (GB) models were also frequently used 
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models. Their proportions have been provided in Fig. 4 
below.   

 
Fig. 4. Percentile distribution of the models used. 

3.4 Keywords analysis 

Keyword analysis using word cloud was applied to 
recognize the main study perspectives. As part of pre-
processing, some words were merged with a hyphen (e.g. 
Machine-learning, deep-learning) to create coherence. 
Besides, words which are commonly known with their 
abbreviations were abbreviated (Support vector machine 
as SVM) to avoid ambiguity. Out of total 400 keywords, 
“spectroscopy” and “chemometrics” are the first and 
second frequently listed key words. Fig. 5 below shows 
the word cloud of the top 50 words in the area of 
spectroscopy emphasizing its application in food science 
and its relation with machine learning.   

 
Fig. 5. Word cloud of frequent keywords. 

4 Conclusion 
In this article, a survey of spectroscopy and food 
processing related research works was conducted. Using 
query search and manual selection, 45 related research 
papers were chosen and surveyed having our focus on 
specific area and problem they addressed, type of 
spectroscopy and used and the algorithms utilized to solve 
the particular problem. Majority of the authors used NIR 
and MID-NIR spectroscopy, and regarding the algorithms 
utilized PLS-LDA and PCA overwhelmed other machine 
learning algorithms such as KNN, RF and NN. As noticed 

in these works, the adaption of deep learning in the areas 
of spectroscopy and food processing appears to be less 
utilized and further investigations are needed to review 
the potential use to fully understand it. 

The purpose of this study is that this survey would 
inspire more researchers to conduct experiments with 
spectroscopy and machine learning, in solving various 
agricultural or food processing problems such as fruit and 
crop varieties classification, adulteration detection, and 
quality analysis, which make use of spectral analysis and 
machine learning algorithms. To this end, it can be 
concluded that the research works put into the agricultural 
sector, particularly in food processing re progressing well 
accelerating developments in the areas of food safety and 
quality assurance. 
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