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Abstract. The article discusses the influence of light pulsation on the physiological state of humans and 
birds, some aspects of its occurrence, the main characteristics and the alleged role in the deterioration of 
chickens’ zootechnical indicators under the conditions of using light sources with light flux pulsations of 
different frequencies. The current state of lighting equipment in poultry farming is characterized by the 
rapid development of technologies and the active introduction of LED lighting. Having undeniable 
advantages, LED lighting systems have some technical features that are currently insufficiently studied and 
can affect the zootechnical indicators of poultry. A clear definition of the threshold values of the 
characteristics of the pulsation of illumination in the poultry house will make it possible to produce lighting 
equipment for poultry farming with a safe value of the pulsations of the luminous flux of light sources in 
their composition. The analysis of numerous literature sources has shown that the influence of light 
pulsation on the physiological state of humans and zootechnical indicators in birds is associated with a 
complex effect, depending on such characteristics as the depth and frequency of the pulsation of the light 
flux of light sources. Despite some differences in the values of the threshold impact of light pulsation, the 
nature of its impact is similar in humans and birds, which allows us to develop and apply targeted measures 
to reduce the impact of light pulsation on poultry and the deterioration of its zootechnical indicators. 

1 Introduction  
Currently, LED lighting is widely used in the Russian 
poultry industry, successfully replacing incandescent 
lamps and fluorescent light sources, having absolute 
advantages in improving the energy efficiency of 
lighting, improving the uniformity and creating the same 
light microclimate for the entire poultry population, as 
well as in choosing the color temperature (wavelength) 
of light sources [1-5]. However, the condition for 
effective control of the light flux and other 
characteristics of LED light sources is the use of pulse-
width modulation (PWM) of their supply voltage, which 
is characterized by a maximum ripple coefficient of 
100% and a frequency of amplitude changes from 
several hundred Hz to several kHz [6]. For incandescent 
lamps and fluorescent light sources that are out of 
circulation but are still used in poultry houses, the ripple 
of the luminous flux reaches a ripple coefficient of 50 % 
with a frequency from 100 Hz to several hundred kHz 
[7]. In the poultry houses where these light sources are 
used, the chicken and the person who maintains the 
equipment and ensures its vital activity are in the same 
light microclimate. Therefore, the influence of lighting 
characteristics, including light pulsation, on poultry 
enterprises should be considered not only from the point 
of view of zootechnical indicators of poultry, but also of 

employees who spend a large amount of time inside the 
poultry house.  

The aim of this work was to generalize and analyze 
the current available scientific knowledge about the 
influence of light pulsation on birds and their 
characteristics, which lead to a deterioration in 
zootechnical indicators, and which can form a 
conceptual basis for our understanding of the 
mechanisms associated with this phenomenon.  

The effect of light pulsation is best studied on a 
person, which is quite natural due to the accumulated 
knowledge about the structure of their own body, 
biological and physiological processes, as well as the 
ability to obtain information about the impact not only 
with the help of devices, but also directly from the 
subject.  

The effect of light pulsation on poultry is much less 
studied, but the current development of poultry farming 
requires an intensive increase in poultry productivity, 
and such lighting characteristics are becoming an 
important element of the overall system of efficiency of 
poultry farms. The most rational way to determine the 
threshold values of the light pulsation parameters for a 
bird is to conduct studies based on its behavioral 
reactions at different values of flickering lighting, as 
well as on its direct impact on zootechnical indicators. 
The analysis of the obtained results should be carried out 
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in comparison with the well-known influence of this 
factor on humans, taking into account the peculiarities of 
the bird's visual system. 

It is believed that the pulsation of illumination by a 
person can be consciously recorded up to a certain 
frequency, which is called the critical frequency of the 
merger of light flashes (KCHSSM). According to some 
works [8, 9], its value is in the range from 60 to 100 Hz, 
and the specific value of the CCSSM is individual for 
each person. Light pulsations below this frequency can 
cause pronounced negative effects – malaise, impaired 
coordination and sleep, headaches, epileptic seizures, 
etc. Especially dangerous are the pulsation frequencies 
below 25 Hz, which coincide with the alpha and theta 
rhythms of the human brain [10, 11]. 

Pulsations at frequencies higher than KCHSSM are 
not visible, are not fixed in consciousness, but can have a 
negative impact, the principle of which is of the 
following nature [12-14]: 

1) When looking at objects, the eyes constantly make 
extremely small and very fast movements, called 
saccades (from an old French word translated as "the 
clap of a sail"). The pulsation of illumination leads to the 
fact that the saccades are lost, their number increases, a 
person sees an intermittent trail of phantoms of 
illuminated objects. This causes overexertion of the eye 
muscles and disrupts the normal functioning of the brain. 

2) The light reflected from the object under 
consideration hits the retina, which sends electrical 
signals to the brain. If the light turns out to be pulsing, 
the spectrum of the generated signals changes, which 
disrupts the normal electrical activity of the brain. This 
causes fatigue and reduces concentration. 

Light with high-frequency pulsations is detected by 
human visual receptors. At the same time, it is not 
processed as visual information, but directly affects the 
suprachiasmatic cells, the parventricular nuclei of the 
hypothalamus and the pineal gland. In turn, this directly 
affects a person's hormonal background, circadian 
rhythms, and related emotional well-being, performance, 
and fatigue [15]. 

The value of the light pulsation frequency, at which 
there are no negative consequences for a person, has 
different values in different studies. In one of the sources 
[16], the threshold is a frequency of 300 Hz, above 
which any depth of illumination ripple is allowed, and 
the recommendation of the Institute of Electrical and 
Electronics Engineers IEEE PAR 1789 calculates the 
value of the critical frequency of illumination ripple 
(CEP) equal to 5.4 kHz, above which comfortable 
lighting for a person will be guaranteed. 

There are studies that allow us to compare the 
reaction of a human and a chicken to the same effects of 
a light stimulus with different frequency and depth of 
flickering [17]. It is reported [18, 19] about the 
psychophysical operational study of the sensitivity of 
chickens to flickering, it is proposed to improve the 
model of human sensitivity, which allows it to be 
consistent with the data of observations of chicken. Also, 
for comparison, data on human sensitivity to flickering, 
collected under the same light stimulus as in chickens, 
are presented. In humans, the sensitivity to photopic 

flicker, as a function of its limiting modulation depth, 
shows a high-and low-frequency drop in the sensitivity 
level, reaching a maximum in the region of 10-15 Hz 
[20, 21]. Two important processes that occur in the 
retina of the eye are included in the determination of 
sensitivity to light pulsation in humans. The first process, 
which performs the function of a low-pass filter, 
involves signal processing. During this processing, the 
photoreceptors act as the main elements. The second 
process, which acts as a high-pass filter, consists of 
inhibitory feedback, formed mainly from the connections 
of the horizontal cell and the amacrine cell in the inner 
and outer layers of the retina. 

This inhibitory process is also responsible for the 
effect of brightness differences [22, 23].  The flicker 
sensitivity characteristic of each filter in a quantitative 
ratio can be described by the corresponding modulation 
transfer function (FPM). Early mathematical studies of 
flicker sensitivity demonstrate that FPM data is 
transmitted in cascades in order to reveal a person's 
perception of flicker over a huge range of different 
stimulus configurations. More recent studies of human 
sensitivity to flicker have led to a method of modeling 
FPM, including internal noise of sensorineural origin, 
the response to a signal detection filter located in the 
brain, as well as external noise of the stimulus itself.  

In the course of the study, thirteen 8-month-old 
laying hens were placed under incandescent lamps in the 
conditions of natural day and night change (12T:12C) 
with illumination in the range from 5 to 50 lux. Before 
that, the chickens were raised under natural light in a 
special fenced area and in the open air. 12 volunteers 
were also selected, including women and men with 
normal vision aged 20 to 30 years. This age group was 
chosen in order to reduce the stated influence of age on 
the sensitivity to light pulsation [24]. 

The sensitivity of the bird to light flicker was 
determined in a range of stimulus brightness levels and 
compared directly with the level of human sensitivity to 
light flicker, measured under the same conditions. It was 
found that at five brightness levels (10, 100, 200, 500 
and 1000 candelas per square meter), the overall 
sensitivity of the bird to light pulsations is higher than 
that of a human, including high frequencies. The highest 
level of frequency tuning was found in the reaction of 
chickens. The critical CPSCM index in chickens (39.2, 
54.0, 54.0, 57.4, and 71.5 Hz) was on average higher 
than the level of similar indicators in humans (40.8, 50.4, 
53.3, 58.2, and 57.4 Hz) under conditions of increasing 
light stimulus brightness. The visual system of chickens 
demonstrates faster signal processing compared to 
humans. 

Bird vision is different from human vision and is 
more developed in some aspects. On the one hand, 
humans have trichromatic color vision, which includes 
three types of photoreceptor cones in the retina with 
maximum absorption (λmax) at 420 nm, 530 nm, and 
560 nm. They are commonly called cones that are 
sensitive to the blue, green and red parts of the spectrum. 
On the other hand, birds have four special types of single 
and double cones [25]. An additional type of single 
cones in the bird's retina, which is involved in color 
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vision, makes the bird's vision tetrachromatic, that is, 
theoretically, it can distinguish twice as many colors as a 
human [26, 27]. The fourth type of single cones can be 
sensitive to the ultraviolet and violet parts of the 
spectrum [28], and birds with each of these types of 
cones are classified as individuals sensitive to the 
ultraviolet [29] or to the violet part of the spectrum [30, 
31], respectively. In both cases, sensitivity refers to short 
waves and allows birds to see in the region close to the 
ultraviolet spectrum, in the part that is invisible to 
humans. Birds use UV vision to make decisions about 
choosing a mate [32] and to search for food. In addition 
to the difference in color perception, birds showed the 
detection of flickering light at higher frequencies than in 
humans [33], and also showed a faster response to visual 
stimuli [34], due to a shorter pathway of the nervous 
system. 

The interest in the sensitivity of the chicken to 
flickering light arises from a person's concern about the 
quality of life of poultry. Fluorescent lamps produce 
flickering light at 100 or 120 Hz. If flickering is detected 
by a bird, it can create discomfort and increase stress. 
There are opposite results on the question of the bird's 
perception of lighting from a fluorescent lamp as 
flickering. In [35], we measured the critical frequency of 
flicker fusion and assumed that a flicker of 100 Hz is not 
perceived by a chicken, and in another source [36], the 
illumination and modulation coefficient of fluorescent 
light sources do not seem sufficient to perceive flicker, 
even at high brightness. The results obtained by 
extrapolating the function of the critical frequency of 
light pulsation fusion indicate that the chicken can 
perceive light from low-frequency fluorescent lamps as 
flickering. The results of the study [37] seem to be based 
on the conclusions that broilers exposed to low-
frequency light showed less physical activity.  

Measurements of the critical light pulsation 
frequency in white laying hens were carried out using 
LED light of four different radiation spectra (white, 
white with the addition of the ultraviolet range (UV), 
yellow (590 nm) and only the ultraviolet range (UV) 
with a wavelength of 400 nm), at four levels of light 
intensity [38]. The light intensity levels (290, 174, 86, 
and 43 candelas per m2) were adapted to the relative 
sensitivity of the domestic chicken eye cones to achieve 
equally active stimuli for different spectra. The results 
show significantly higher CCSSM values for white light 
with ultraviolet (74, 65, 57, and 47 Hz) compared to just 
white light (63, 57, 50, and 45 Hz), to relatively high 
critical light ripple frequencies (76, 70, 60, and 58 Hz) 
for yellow and (83, 75, 65, and 55 Hz) for pure UV light. 
The results for white light with ultraviolet compared to 
white light showed that, despite raising a chicken in 
artificial lighting conditions, its visual system responds 
better to the light conditions to which they were initially 
adapted in the external environment. In addition, there is 
reason to believe that the presence of UV light, used to 
find a partner and food, may also be an important 
condition for visual functions, such as sensitivity to light 
fluctuations. 

2 Conclusion 
Thus, the analysis of available literature sources shows 
that the impact of light pulsations on the bird in the 
conditions of artificial lighting of poultry houses is 
diverse and can affect its zootechnical indicators. 
Domestic chicken quite often acts as a model organism 
in various biomedical, physiological and behavioral 
experiments, and its visual system is sufficiently studied. 
Studies of determination the critical frequencies of light 
pulsation fusion for chickens are based on the analysis of 
the behavioral response of chickens and adults and make 
it possible to compare the results with the response to a 
similar effect for humans. The development of modern 
artificial lighting systems in poultry farming makes it 
possible to produce them with parameters that reduce the 
negative impact of light pulsations on the economy of 
the farm to a safe level. 
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