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Featured Application: The proposed AI-supported classification method, together with the 

described portable multispectral fibre-optics reflectometer, is recommended for use as a fast 

warning detection tool against Mycoplasma synoviae in flocks of birds. Other application areas 

are: eggs wholesalers and distributors, veterinarians, sanitary stations, border services etc.  

Abstract: Mycoplasma synoviae (MS) is a highly contagious bacteria that can cause significant harm 
in commercial poultry populations while not prevented. Rapid detection of its presence in a flock is 
crucial from the perspective of animals' health and economic income. Authors propose spectral 
measurements strongly backed up by the AI data processing algorithms for classifying egg origin: 
from healthy hens or MS-infected ones. The newest obtained classification factors are F-scores for 
white eggshells 99% and for brown eggshells 99%—all data used for classification were taken by the 
portable multispectral fibre-optics reflectometer. 

Keywords: Mycoplasma synoviae; pathogen detection; optical measurements; spectral measurements; 
optical spectroscopy; machine learning; artificial intelligence AI; origin classification; food safety; 
food monitoring 

 

1. Introduction 

Detecting toxins, other harmful chemical substances, microbiologic parasites, contamination of 
pathogens, etc., is crucial in today's food industry. Mass food production constantly meets such 
problems. Therefore, the critical issue is an early response to the contamination, which is possible 
with the necessary measurement equipment. This article proposes advanced AI – classification of 
eggshells origin from a healthy hen or MS-infected one by means of spectral analysis.  

As mentioned, MS is a bacteria that can be transmitted from infected hens to their eggs. When 
present in the oviducts of chickens, it causes changes in the eggshell surface, resulting in thinning 
and increased transparency in various areas of the shells [1,2]. Many methods have been developed 
to detect MS infection. Serological tests such as the serum plate agglutination test (SPA), enzyme-
linked immunosorbent assays (ELISA)[3,4], and hemagglutination inhibition test (HI) are commonly 
used for diagnosis [5,6]. Culture methods using pleuropneumonia-like organisms (PPLO) broth can 
also be employed, but they are time-consuming, even taking up to 28 days [7]. Molecular methods, 
including polymerase chain reaction (PCR) [8–10] and its variations like real-time PCR [11], multi-
plex PCR, loop-mediated isothermal amplification (LAMP) [9–15], and polymerase spiral reaction 
(PSR), are widely used for MS detection. PSR, for instance, is 100 times more sensitive than PCR and 
has a higher positive rate (69.9%) than ELISA (65.3%). 
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Authors propose different approaches to detecting MS infection to those mentioned above. The 
proposed method may be used directly on the farm by staff members with limited qualifications, 
veterinary doctors, assistants, or customs officers. It involves spectral, rapid measurement with data 
post-processing and AI classification. Classifying samples' biological origins through spectral data 
analysis is now a trend, i.e., honey types classification [16] or whether the egg comes from MS-
infected chicken or healthy chicken [17–19]. 

Given the wide range of possible biological samples and their inherent variations, numerous 
approaches are employed for analysing obtained spectral data. Moreover, spectral data may also vary 
depending on what kind of spectral response is measured: transmittance, reflectance, absorption, 
scattering, fluorescence, etc. Principal Component Analysis (PCA) is one of the most popular data 
analysis methods [20,21]. However, due to factors like subraces, age of hens, egg colouring, diet, and 
climate, egg-shells' diversity is so extensive that standard PCA algorithms prove ineffective. 
Alternative ap-proaches, such as using classifiers like the Spanning tree combined with various data 
re-duction techniques, can be successfully employed, as shown in [18]. Employing this clas-sifier in 
the specific case leads to analysing multiple levels in a tree structure. In their re-search, the authors 
concluded that machine learning algorithms were the most efficient for differentiating egg origin: 
healthy or MS-infected hens. 

The presented paper is a fruitful follow-up of previously done work. Two optical sys-tem 
configurations, one with transmitted light and the other with reflected light, were al-ready made and 
tested for analysis and classification of eggshells. In the case of transmit-ted light analysis on chicken 
eggs, they achieved an accuracy of 88.8%, specifically for white eggshells [17]. The measurements can 
be conducted without destroying the egg by utilising reflective light, making them more applicable 
in industrial settings. Eggshells from infected and non-infected chickens exhibit distinct reflective 
properties. The study conducted by the authors [19,22] demonstrated that it is possible to detect 
changes caused by MS infection in a chicken flock by analysing back-reflected signals from eggshells 
at selected spectral wavelengths of a white light source. By employing machine learning al-gorithms, 
the researchers were able to differentiate tested samples of various origins with a reasonable 
probability. In the case of white eggshells, the F-scores reached 95.75%, while for brown eggshells, 
the F-scores reached 86.21%[22], while by using modified machine learning algorithms, F-scores for 
white eggshells 86% while for brown eggshells 96% [18]. The last two results, reported in [19,22], 
were obtained in the portable multispectral fi-bre-optics reflectometer that uses selected single-colour 
LEDs instead of a broadband light source and an optical fibre bundle.  

Deep learning methods are sometimes employed in more complex scenarios requiring 
information about molecules. This approach was utilised by Gosh et al. in their work, where they 
used deep learning to predict molecular excitation spectra [15]. Their results demonstrated that this 
type of network could achieve up to 97% accuracy in learn-ing spectra and infer spectra solely from 
molecular data. Joung et al. [23] presented a sim-ilar application of deep learning, where they 
successfully predicted seven optical proper-ties related to organic compounds. Additionally, this 
method has been proven effective in drug identification, as shown by Ting et al. [24]. This approach 
enables efficient work in this field. However, as demonstrated above, less complex machine learning 
methods are predominantly used to analyse the spectra distribution for any material. 

2. Materials and Methods 

2.1.Samples 

Authors used portable multispectral fibre-optics reflectometer for further AI classification. A 
dataset comprising 2521 eggshell samples was prepared. This dataset consisted of brown and white 
eggshells originating from healthy hens or infected. The quantity of each subset of samples is 
presented in Table 1. 
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Table 1. Quantity in different measurement subsets of samples 

Origin 
Eggshell colouring 

White Brown 

H – healthy 701 624 
I – infected 572 624 

Total 
1273 1248 

2521 
 
The samples classified as healthy were sourced from the inner reference flock of the Department 

of Poultry Diseases, National Veterinary Research Institute (NVRI). On the other hand, the MS-
infected eggs were obtained from commercial flocks under the veterinary supervision of the NVRI. 
The infection status of these eggs was confirmed using three techniques: specific MS PCR, LAMP, 
and sequencing of the vlhA gene. 

2.2. Portable Multispectral Fibre-Optic Reflectometer 

All spectral measurements, which results were discussed above, were performed on Portable 
Multispectral Fibre-Optic Reflectometer [19]. The eggshell, the whole egg or part of it in question, is 
placed on the measurement head. The measurement head can also be manually oriented and 
positioned regarding the sample, and the spectral measurement is then performed. The eggshell is 
sequentially illuminated by the light emitted by six LEDs covering the visible electromagnetic wave 
region. The dominant wavelengths and spectral range (FWHM) of used LEDs are shown in Table 2. 
The key issue of LEDs selection for this system is their spectral separation therefore the FWHMs 
parameter are so important. The light is introduced to the measurement head by the 1x7 fun-out fibre-
optic bundle, which gives the possibility to reach the sample from the desired angle flexibly. The 
possible scenarios of measurement head – egg positions are shown in Figure 1.  

Table 2. The dominant wavelengths and spectral range of used LEDs 

Light source Dominant wavelength [nm] Spectral range – FWHM [nm] 

LED 1 699 24 
LED 2 664 20 
LED 3 604 14 
LED 4 533 34 
LED 5 504 34 
LED 6 413 18 

 
The signal carrying the measurement information is gathered by means of back reflection from 

the sample. It travels through the central core of the 1x7 fun-out fibre-optic bundle to the detector. 
The single measurement cycle lasts less than 1 s. The signal is preprocessed and then introduced to 
the AI algorithm. Details on the Portable Multispectral Fibre-Optic Reflectometer design, operation 
and signal processing have been widely discussed in [19]. 

   
(a) (b) (c) 
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Figure 1. The possible scenarios of measurement head – egg positions: (a) Fixed measurement head 
with egg placed on top; (b) Manually operated measurement head positioning with egg placed on a 
platform;. (c) Manually operated measurement head positioning with egg stored in standard egg tray. 

2.3. AI classification 

The increasing accessibility of advanced measurement methods in biological sciences has led to 
a growing adoption of sophisticated data processing techniques to extract valuable information 
effectively. Machine learning approaches have become particularly advantageous in this context, 
with a rapid growth of solutions emerging in this field. These solutions are well-suited for data 
classification or clustering in biological sciences, including DNA and spectroscopic data analysis. 
Recently, we embarked on analysing such data specifically for studying the occurrence of MS, 
achieving a detection level of (F-score) up to 96% [19,22]. We employed the Support Vector Machine 
(SVM) method for data analysis, a commonly used approach [25]. The essence of SVM is to calculate 
the best hyperplane that separates different data classes while maintaining a maximum margin of 
confidence. Our algorithm was based on Radial Basis Functions (RBF) [26,27]. Despite the many 
advantages of SVM, it has a few drawbacks, one of which can significantly impact the prediction 
results for the data we obtain in our portable multispectral fibre-optics reflectometer. Specifically, 
SVM does not perform optimally when the input dataset consists of overlapping values assigned to 
different classes. 

Consequently, we decided to employ a different classification algorithm in our subsequent study. 
Our choice fell on the Self-Organizing Tree Algorithm (SOTA), an unsupervised neural network with 
a binary tree topology. It was developed in 1997 by Dopazo and Carazo [28]. SOTA combines 
hierarchical clustering and a Self-Organizing Map (SOM) based on a single-layer neural network [29]. 
In SOTA, the processing time is approximately directly proportional to the number of elements to be 
classified. This presents a clear advantage over SVM, which is perceived as slow when dealing with 
large datasets. The processing in SOTA begins with the node exhibiting the highest diversity, which 
is then divided into two nodes called cells. The splitting process can be stopped at any node. 

The data processing was performed using KNIME version 4.5.0. KNIME is an open-source 
platform that offers various components suitable for data exploration. One of these components 
includes the implementation of the SOTA algorithm. However, the SVM algorithm is not available in 
the set of KNIME components. This is not a problem since the creators of this environment have 
provided a feature that enables running Python code, through which access to the SVM algorithm 
can be achieved. Unfortunately, we could not find an implementation of the SOTA algorithm in any 
of the Python libraries. 

3. Results 

The data collected using the portable multispectral fibre-optics reflectometer were divided into 
two independent groups in the analysis: one representing white eggshells and the other representing 
brown eggshells. Within each of these groups, there were two subgroups: one consisted of eggshells 
from healthy chickens and one from diseased chickens. The data from each group were processed 
separately. In the first step, the data were randomly divided into training data and validation data at 
a ratio of 7:3. The training data were normalised to unity, and the normalisation parameters were 
recorded. In the second step, the SOTA network was trained. After completing the training, the third 
step involved normalising the test data using the normalisation parameters calculated from the 
training data. The final stage was prediction, and the results were recorded in the output dataset. All 
these steps were repeated one hundred times to mitigate the influence of random data arrangement. 
The final result was calculated as the average for this set. 

The machine learning algorithm's performance was evaluated based on F-score, Precision, and 
Recall metrics. These metrics are based on the values of TP (true positives), TN (true negatives), FP 
(false positives), and FN (false negatives) [26]. 

The Precision is calculated as Precision = TP / (TP + FP) and indicates how well the algorithm 
correctly classifies instances relative to all the data identified as correct. 
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The Recall is calculated similarly as Recall = TP / (TP + FN), but it refers to all the elements that 
should have been identified as correct. 

F-score is calculated as F-score = 2 * (Precision * Recall) / (Precision + Recall). It represents their 
harmonic mean. This metric helps identify whether either Precision or Recall is too low. 

The results of the eggshell origin classifications quality for white and brown eggs obtained using 
the portable multispectral fibre-optic reflectometer and the SOTA algorithm are shown in Table 3. 

Table 3. Quality of the origin classifications of white and brown eggs obtained using the portable 
multispectral fibre-optic reflectometer and the SOTA algorithm. I.—eggshells obtained from infected 
hens, H.—eggshells obtained from healthy hens. 

Eggshell colouring Origin Precision Recall F-score 

White 
I 0.99 0.99 0.99 

H 1 1 1 

Brown 
I 0.98 0.99 0.99 

H 0.99 0.99 0.99 
 
The use of the SOTA algorithm proved to be justified in the case of the analysed data. Compared 

to the SVM algorithm, the average Precision increased by 0.08 across all groups, with the maximum 
increase observed in the case of diseased white eggs at 0.18. Regarding Recall, the increases were 0.08 
and 0.17, respectively, with the maximum difference occurring in healthy white eggs. For the F-score 
parameter, the overall result also improved by an average of 0.08, with a maximum value of 0.13 
observed in both diseased and healthy white eggs. 

Based on the analysis of the eggshells, the proposed solution detects the presence of Mycoplasma 
in the flock with an average precision, Recall, and F-score level of 0.99. Our next goal is to conduct 
real-world tests on a significantly larger sample. If these tests confirm the laboratory findings, we can 
consider it a complete success and contemplate implementing the solution. 

This section may be divided by subheadings. It should provide a concise and precise description 
of the experimental results, their interpretation, as well as the experimental conclusions that can be 
drawn. 

4. Discussion and Conclusions 

Mycoplasmas belong to the class Mollicutes, the smallest and simplest self-replicating bacterial 
pathogens. Therefore, they have no cell wall and have lost many biochemical pathways, making them 
obligate parasites highly dependent on their host. The known virulence mechanisms of virulent 
strains of mycoplasmas are adhesion, invasion, cell exit and cytotoxicity. Some strains of 
mycoplasmas can be extremely cytotoxic to their hosts, which may be related to the presence of 
variable surface antigens, lipoproteins. Mycoplasma synoviae (MS) is a bacterium that has the ability 
to penetrate cells, causing significant damage to commercial poultry populations if not prevented. 
Hemagglutinin VlhA is a highly expressed lipoprotein and the main immunodominant surface 
protein of M. synoviae involved in host-parasite interaction, mediating binding to host erythrocytes 
[30,31]. Membrane lipoproteins are able to activate macrophages, thus playing an important role in 
cytokine production and, consequently, in the inflammatory response during infection [32]. The VlhA 
protein generates the N-terminal fragment of the MSPB lipoprotein and the C-terminal fragment of 
MSPA, which is directly involved in hemadherence [33]. The length of the MSPB lipoprotein differs 
between M. synoviae isolates, which alters their hemagglutination phenotype and may be related to 
changes in the antigenic determinants of MSPB and MSPA [30,31,33,34]. M. synoviae processes 
involved in tissue invasion and degradation in the avian body involve the expression of cysteine 
proteases (CysP), which can cleave chicken IgG into Fab and Fc fragments, thus facilitating their 
survival in the host [35]. 

In M. synoviae, a tightly bound sialidase activity is observed [36–39], as well as the enzymatic 
activity of NanH neuraminidase, which can desialylate chicken tracheal mucus glycoproteins and 
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chicken IgG heavy chain, thus contributing to M. synoviae colonisation and persistent infection [39–
41]. 

Infections with M. synoviae can be subclinical. However, clinical signs can be associated with the 
respiratory and musculoskeletal systems of birds, especially chickens and turkeys, and the 
reproductive systems. This pathogen is responsible for a condition called infectious synovitis, which 
is characterised by inflammation of the synovial membrane in the joints. Birds infected with MS may 
exhibit lameness, swollen joints, and reduced mobility. In commercial poultry flocks, the developed 
infection can lead to severely reduced growth rates, decreased egg production, and poor overall 
performance. In addition to its impact on the musculoskeletal system, MS can also cause respiratory 
problems. Infected birds may show signs such as nasal discharge, sneezing, coughing, and difficulty 
breathing. These respiratory symptoms can further compromise the overall health of the birds and 
make them more susceptible to secondary infections. Mycoplasma synoviae is highly contagious and 
can spread rapidly through direct contact with infected birds and through contaminated equipment, 
feed, and water sources. The bacterium can survive in the environment for several weeks, making it 
a persistent threat to poultry farms. [33–36] 

Controlling MS requires strict biosecurity measures, such as isolating infected birds, maintaining 
clean facilities, and disinfecting equipment. Vaccination is also an important tool in preventing and 
managing the disease. However, it is worth noting that the bacterium can develop resistance to 
certain antibiotics over time, complicating treatment efforts. Overall, Mycoplasma synoviae poses a 
significant risk to poultry health and productivity. Poultry producers need to remain vigilant and 
take proactive measures to prevent and control its spread within their flocks. Regular monitoring, 
proper biosecurity protocols, and timely intervention can help mitigate the negative impact of this 
pathogen on poultry populations. 

To effectively manage Mycoplasma synoviae infection in poultry, it is essential to enforce 
stringent biosecurity practices. This involves measures like segregating already infected birds, 
maintaining hygienic facilities, and thoroughly disinfecting equipment. Additionally, vaccination is 
crucial in preventing and handling this disease. It's important to recognise that the bacterium can 
become resistant to specific antibiotics over time, which can complicate treatment efforts. In summary, 
Mycoplasma synoviae poses a significant threat to the health and productivity of poultry. Poultry 
producers must remain alert and take proactive steps to prevent its transmission among their flocks. 
Consistent monitoring, adhering to sound biosecurity procedures, and prompt intervention are key 
strategies to minimise the adverse impact of this pathogen on poultry populations. The measurement 
device and AI-based approach to data analysis allow harnessing the pathogen by fast and reliable 
monitoring of farm waste. 
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