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Correlation dependence between feed moisture 
and its optical properties using sunflower cake 
as an example
ABSTRACT

Each type of agricultural feed has unique optical properties and nutritional value characteristics 
that must be taken into account at the stage of drawing up an animal feeding diet to ensure the 
rational management of economic processes at industrial livestock enterprises.
Arbitrage chemical methods for assessing the moisture content and nutritional value 
of  agricultural feed are laborious in the implementation. World practice shows that optical 
methods can serve as an effective alternative for the development and manufacture of a new 
generation instrument base that allows determining the qualitative properties of materials, 
including agricultural feed (nutritional value).
The most time-consuming procedure for developing optical devices is to obtain optical 
calibrations (see definition), which provide interpretation of the values of an indirect parameter 
that characterizes the nutritional value of agricultural feed.
The study describes the process of obtaining optical calibrations by varying the control indicator 
(using the example of feed moisture), followed by building a correlation between the value 
of  an indirect parameter (photoluminescence intensity) and the control indicator. Including 
in a portable express analyzer operating on the basis of photoluminescence.
The proposed method of forming a control indicator can be used to obtain optical calibrations 
for rapid determination of total fat content and other indicators of nutritional value.

Key words: photoluminescent control, rapid determination of humidity, detection 
of nutritional value
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Корреляционная зависимость между 
влажностью корма и его оптическими 
свойствами на примере жмыха 
подсолнечника
РЕЗЮМЕ

Каждый тип сельскохозяйственного корма имеет уникальные оптические свойства и 
характеристики питательной ценности, которые необходимо учитывать на этапе состав-
ления рациона кормления животных для обеспечения рационального ведения хозяй-
ственных процессов на промышленных животноводческих предприятиях.
Арбитражные химические методы оценки содержания влажности и питательной ценности 
сельскохозяйственных кормов трудоемки в реализации. Мировая практика показывает, 
что оптические методы могут служить эффективной альтернативой для разработки и из-
готовления приборной базы нового поколения, позволяющей определять качественные 
свойства материалов, в том числе сельскохозяйственных кормов (питательную ценность).
Наиболее трудоемкая процедура разработки оптических приборов — это получение 
оптических калибровок (см. определение), которые обеспечивают интерпретацию зна-
чений косвенного параметра, характеризующего питательную ценность сельскохозяй-
ственных кормов.
Исследование описывает процесс получения оптических калибровок методом варьиро-
вания контрольного показателя (на примере влажности корма) с последующим построе
нием корреляционной связи между значением косвенного параметра (интенсивности 
фотолюминесценции) и контрольного показателя. Формирует методику построения 
алгоритмической связи для определения питательной ценности сельскохозяйственного 
корма. В том числе в портативном экспресс-анализаторе, функционирующем на основе 
фотолюминесценции.
Предлагаемая методика варьирования контрольного показателя может быть применена 
для получения оптических калибровок для экспресс-определения общего содержания 
жира и других показателей питательной ценности.

Ключевые слова: фотолюминесцентный контроль, экспресс-определение влажности, 
детектирование питательной ценности        
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Introduction
With the advent of automated data processing 

tools and specialized software for generating 
machine learning models, a number of technologies 
that previously had high cost have become more 
accessible. This can include image recognition 
tools (unlocking the phone screen, paying using 
biometrics, etc.), crop yield forecasting tools using 
aerial photography, and others.

The basis for the implementation of such solutions 
is formed by two components: the perfection of the 
hardware for detecting signs and the efficiency of 
their processing algorithms [1].

Speaking about the hardware, it is worth noting the 
importance of modern methods of manufacturing 
photosensitive electronic components using photo-
lithography. For example, the camera of a modern 
phone is generally a crystal (matrix) with an area of up 
to 0.00005 m2, on which up to 10 million pixels can be 
located, each of which is an independent photodiode 
generating micro voltages of different values depending 
on depends on the intensity of the recorded radiation. 
Such hardware solutions generate a stream of big data, 
the processing of which makes it possible to develop 
solutions useful for modern humans.

In turn, the effectiveness of algorithms for 
processing output data is determined not only by the 
reliability of correlation dependencies, but also by an 
understanding of the fundamental physical processes 
that take place in the objects of research [2, 3].

An established innovation trend of the last decade
In the agricultural sector, they consider the 

development of intelligent diagnostic tools for 
agricultural products, non-destructive testing tools 
and yield forecasting tools [4].

Most of the input data for the solutions described 
above is collected using optical devices and photo
sensitive sensors. This is confirmed by the results 
of a study by R.M. Buelvas et al., devoted to the 
description of the process of assessing the biomass 
of leafy vegetables based on ultrasonic and optical 
sensors [5].

In addition, optical devices that carry out lumine
scent control make it possible to assess the 
temperature of the canopy surface in artificial crop 
cultivation systems and control the microclimate [6]. 
By complementing the simplest tools for scanning 
luminescence characteristics with machine learning 
algorithms, oxygen concentration and temperature 
can be predicted, based on a single measurement [7].

At the same time, the photoluminescent method 
of detecting biological objects can provide end-to- 
end quality control of cultivated agricultural products 
for maximum permissible concentrations of unde
sirable acids  [8], assess the moisture level during 
the cultivation of cereals  [9], determine the ef
fectiveness of seed disinfection with a fungicide 
against fusarium  [10, 11] and identify bacteria 
provoking fusarium in products at an early-stage crop 
production [12, 13].

With the development of the optoelectronic 
industry and the possibility of manufacturing 
nano-probes, photoluminescence is used for 
invasive assessment of the quality of transported 
products in large volumes, the result of the study 
was demonstrated by Chinese scientists using 
the example of chicken meat evaluation  [14, 15]. 
Electronic components that perceive a photo signal 
have also found their application in the field of 
industry for diagnosing the efficiency of technical 
liquids, this makes it possible to regulate the 
replacement of appropriate substances taking into 
account the actual lubricating and cooling properties, 
thereby preventing premature failure of machinery 
and equipment  [16, 17]. More advanced sensors 
using intelligent algorithms provide segmentation 
of images of various substances and predict their 
properties using tools for processing the obtained 
parameters using fuzzy logic methods [18, 19].

Using regression models for processing spectral 
parameters of photoluminescence and milk fat, it is 
possible to detect falsification of butter with a simple 
hardware complex [20].

Speaking about feeding the animals themselves, 
the importance of analyzing the nutritional value of 
agricultural feed at the stage of ration preparation 
and direct preparation is no less important than the 
control of the products obtained. The quality of animal 
feeding and sufficient energy production definitely 
affects both the health of cattle and the quality of 
the products obtained, which has been repeatedly 
justified by world-renowned scientists [21], however, 
among existing scientific papers, the process of 
obtaining calibrations and algorithms that serve as 
a tool for interpreting indirect photoluminescence 
parameters describing changes in the nutritional 
value of agricultural feed is not clearly disclosed.

This study will be devoted to describing the process 
of obtaining optical calibrations (see definition) for 
express determination of the nutritional value of 
agricultural feed by non-contact methods using 
diodes that generate a reflected photoluminescence 
flux and photosensitive sensors to register the values 
of the corresponding flux.

The purpose of the study is to describe the process 
of establishing a correlation between the moisture 
content of the feed and its optical properties.

The object of research  — sunflower cake, used 
as a protein concentrated feed additive in animal 
husbandry.

Materials and methods
In cattle feeding, the key indicator determining the 

amount of nutrients received into the animal’s body 
is the dry matter content — this is the inverse of the 
moisture content of the feed. Detecting this indicator 
by optical methods is more time-efficient than using 
the arbitration method.

The research suggests a technique for obtaining 
calibrations, presented in the form of calibration 
curves and mathematical models that describe the 
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relationship between the optical properties of the feed 
and the value of the control indicator (as an example, 
we varied the humidity level / dry matter content.

1) Detection of optical properties
Optical properties were detected by spectral 

fluorescence measurements on a spectrofluorimeter 
CM2203 (manufactured by SOLAR, Republic of 
Belarus), with specialized software. An external light-
shielding camera connected by a fiber-optic cable 
was developed to measure solid samples.

The spectral characteristics of excitation (ab
sorption) n (λ) were measured in the range from 
250–600 nm. The repeatability of measurements 
is tenfold. To measure the luminescence spectrum 
φ (λ), the excitation monochromator was set to the 
same wavelength at which the maximum of the 
excitation spectrum is observed during synchronous 
scanning. All spectra were adjusted for instrumental 
excitation distortions using the built-in software of the 
measuring device.

The calculation of the integral parameters of the 
excitation and luminescence spectra was carried out 
according to the formulas:

	 (1),

	
(2),

where n (λ) is the spectral characteristic of excitation 
(absorption), φ (λ) is the spectral characteristic  
of photoluminescence, λ1...λ2 are the boundaries  
of spectral ranges.

2) Variation of the value of the control indicator 
(humidity / dry matter content), using the example of 
sunflower cake

In the presented example, a moisture meter with 
analytical scales (CAS, Japan) was used to determine 
the basic mass index of the test sample and to verify 
the change in humidity by the gravimetric method 
according to the presented scheme (Fig. 1).

The control indicator (dry matter content / humidity 
level) was varied in two directions (increase and 
decrease).

Humidity was increased by irrigating the 
test sample from a laboratory pulverizer in 
1% increments and hermetically storing the 
sample for 24 hours, humidity was reduced 
by drying the sample on a moisture meter 
with analytical scales. The variable range of 
humidity levels ranged from 8.2 to 19.1%.

Optical measurements for each sample 
of concentrated feed were carried out with 
10-fold repetition at each step of humidity 
variation.

Next, statistical data processing was 
carried out and correlations of optical 
properties and moisture content in 
concentrated feed were obtained. The 
flow dependencies were approximated, 
depending on the indicators of the 
variable flow.

Fig. 1. Description of the process of varying the dry matter 
content in concentrated feed: 1 — analytical scales,  
2 — hermetic bux for the measured sample, 3 — a tableau 
displaying the mass of the sample, 4 — a means of irrigating 
the samples

 

The presented method of varying the control 
indicator can be applied to other values. For example, 
the construction of a correlation between the total 
fat content in the feed and the value of an indirect 
parameter (photoluminescence intensity) is carried 
out using a similar method of varying the total fat 
content up.

Results and discussion
As a result of carrying out multiple measurements 

using the above-described technique, spectral 
excitation characteristics n (λ) of a concentrated 
feed additive (sunflower cake) with different humidity 
levels (dry matter content) were obtained. This was 
obtained by synchronous scanning of samples.

After that, the set of obtained data was subjected 
to statistical processing, thanks to which graphs were 
obtained characterizing the dependences of the 
excitation spectra of sunflower cake and its humidity 
(Fig. 2).

Graphical representation of the results of the study 
demonstrates that all spectral characteristics have  
a qualitatively similar appearance, but with increasing 
humidity they shift downwards. This is caused by the 
extinguishing of luminescence.
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Fig. 2. Synchronous excitation spectra of sunflower cake of different 
humidity: humidity of the sample for curve 1 — 8.2%; humidity of the sample 
for curve 2 — 10.3%; humidity of the sample for curve 3 — 13.0%; humidity 
of the sample for curve 4 — 14.7%; humidity of the sample for curve 5 — 
16.3%; humidity of the sample for curve 6 — 19.1%



113392 (03)    2025     Agrarian science     Аграрная наука     ISSN 0869-8155 (print)     ISSN  2686-701X (online)     

AGROENGINEERING AND FOOD TECHNOLOGIES

АГ
РО

ИН
Ж

ЕН
ЕР

ИЯ
 И

 П
ИЩ

ЕВ
Ы

Е 
ТЕ

ХН
ОЛ

ОГ
ИИ

The main maximum of the spectra is 
at a wavelength of 382 nm, the other, 
less pronounced, at 424 nm. The 
ratio of these maxima decreases with 
increasing humidity.

The obtained results of measuring  
the excitation spectra provided detecti
on of photoluminescence spectra φ (λ).  
An example for the excitation wave
length of 382 nm is shown in Figure 3.

The tendency of the spectra to shift 
downwards with increasing humidity 
naturally persists for photo-luminescen
ce spectra. This was revealed when 
determining the integral photolumine
scence fluxes for excitation wavelengths 
of 382 nm 424 nm in the spectral ran
ges 430–600 nm and 490–640 nm, res
pectively. The corresponding results are 
shown in Table 1.

An example of the correlation depen- 
dencies of the integral photolumine
scence fluxes Φ and hu-midity of con
centrated feed samples (sunflower 
cake), with a linear appro-ximation, is 
shown in Figure 4.

The linear approximation is statis
tically reliable, since the coef-ficients 
of determination R2 for the dependence 
Φ382 nm

 
(W) are 0.94 and for the 

dependence Φ424 nm (W)  — 0.96. 
From the point of view of practical 
implementation, the use of 382 nm 
excitation is of greater interest due to 
the significantly larger magnitude of  
the photo signal.

The results obtained demonstrate the process of 
obtaining calibration curves that characterize the 
content of the substance of interest in the analyzed 
material, contain a description of the methodology 
for varying the moisture content of samples and 
processing the recorded indicators to build correla
tion dependencies.

The inverse characteristics of W(Φ) are calibration 
models for processing a photovoltaic signal to ensure 
the operation of a specialized photoluminescent 
device for determining humidity and other indicators 
of the nutritional value of agricultural feed.

The number of indicators to be determined and  
the types of feed to be analyzed are determined by  
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Fig. 3. Luminescence spectra of sunflower cake at an excitation wavelength  
of 382 nm for samples of different humidity: sample humidity for curve 1 is 8.2%; 
sample humidity for curve 2 is 10.3%; sample humidity for curve 3 is 14.7%; 
sample humidity for curve 4 is 13.0%; the humidity of the sample for curve 5  
is 16.3%; the humidity of the sample for curve 6 is 19.1%

Fig. 4. Dependence of luminescence fluxes on the moisture content of sunflower 
cake; 1 — the excitation wavelength of 382 nm; 2 — the excitation wavelength  
of 424 nm

Table 1. Integral parameters of excitation spectra and 
photoluminescence spectra of sunflower cake

Humidity W, %
H ± ΔH, Relative units Φ ± ΔΦ, Relative units

230–600 nm 382 nm 424 nm

8.2 84 ± 6 290 ± 16 110 ± 7

10.3 69 ± 4 257 ± 11 104 ± 5

13.0 55 ± 3 206 ± 11 92 ± 5

14.7 54 ± 2 221 ± 10 92 ± 7

16.3 53 ± 3 191 ± 11 80 ± 10

19.1 40 ± 3 148 ± 11 66 ± 5

the number of calibration models developed accor
ding to the presented methodology.

Conclusions
This study is description of the process of obtaining 

optical calibrations that characterize the dependence 
of the control indicator (moisture / dry matter content) 
in sunflower cake and can be used in the development 
of a portable device for rapid determination of the 
nutritional value of agricultural feed by non-contact 
methods using diodes that generate a reflected 
photoluminescence flux and photosensitive sensors 
that register indirect parameters nutritional value.

Using the example of sunflower cake, synchronous 
excitation spectra were recorded and the depen-
dences of luminescence fluxes for samples of dif-
ferent humidity levels were determined, while the 
coefficient of determination R2 for the dependence  
of Φ382 nm (W) was 0.94 and for the dependence  
of Φ424 nm (W) — 0.96.

The results of the studies can be scaled by using 
the described methods for obtaining regression 
models that characterize the relationship between the 
optical signal and other indicators of the nutritional 
value of the feed.
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