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ABSTRACT: This article studies the effect of vibration of different frequencies on the body of Hubbard F15 

broiler chickens. The analysis of changes in leukogram parameters, leukocyte indices found that 8 hours after 

exposure to vibration with frequencies of oscillatory movements of 140 and 160 per minute, the stage of stress 

anxiety develops, passing after 24 hours into the stage of resistance. Vibration action with a frequency of 120 

vibrational movements per minute does not cause deviations in leukogram parameters characteristic of a stress 

response and is a subthreshold stress effect. 

 

                          INTRODUCTION 

The intensification of agricultural production has led to 

an increased load on the body of farm animals [1]. 

During the period of growing and keeping, the animal 

is exposed to numerous factors, feeding, conditions of 

keeping, and transportation have the greatest stress load 

[2, 3]. The study has shown that the development of 

stress adversely affects the efficiency of agriculture, 

namely, productivity, and reproductive capacity 

decrease, while morbidity, production waste, feed 

costs, etc. increase [2, 4-7]. 

An important element of modern animal husbandry is 

the prevention and timely correction of stress, primarily 

the recognition of deviations in homeostasis, the 

assessment of the body's adaptive reserves. The blood 

leukogram is a sensitive indicator of adaptation 

processes, as hormonal regulation during the 

development of stress causes rapid and reliable changes 

in the percentage of leukocytes [7]. Sadykova, 2020, 

shows a correlation between the number of leukocytes 

with the state of the immune and endocrine systems, 

biochemical parameters of blood, which reflects the 

nonspecific resistance of the organism [8]. 

The objective of the research was to study the 

adaptation processes in the body of poultry when 

exposed to vibration of different frequencies based on 

changes in the leukogram parameters. 

MATERIALS AND METHODS 

The object of the study was Hubbard F15 broiler 

chickens aged 120 days, grouped according to the 

principle of analogs, based on their origin, live weight, 

and clinical condition in 4 groups of 30 animals each. 

The poultry was fed and kept in accordance with the 

zootechnical standards for this crossbreed during cage 

placement. Chickens in group 1 served as control and 

were not exposed to vibration, birds in group 2, 3, and 
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4 were exposed to vibration at 120, 140, and 160 

vibrations per minute, respectively. 

The researchers studied the leukogram and leukocyte 

indices: the ratio of heterophiles and lymphocytes, 

leukocyte intoxication index (LII), blood leukocyte 

shift index (BLSI) [3, 8], hematological and 

biochemical parameters of hens' blood. Blood sampling 

from the ridge for smears was carried out before and 8 

and 24 hours after exposure - a drop of blood on a 

defatted glass slide [3, 7], 

 

RESULTS AND DISCUSSION 

The leukocyte formula has an important diagnostic 

value in medical and veterinary practice, as well as in 

determining the adaptive capabilities of the organism 

[8]. The experiment found that the morphological 

composition of the white blood of broiler chickens had 

significant differences in some parameters in the 

control and experimental groups. Table 1 shows a 

leukogram of the blood of broiler chickens when 

adapting to vibration of different frequencies. 

 

Table 1. Blood leukogram of Hubbard F15 broiler chickens during adaptation to vibration 

Parameter, % Group 
Blood test time 

Before the exposure 8 hours after the exposure 24 hours after the exposure 

Eosinophils 

1 7.3±0.3 7.1±0.3 7.4±0.4 

2 7.1±0.1 7.0±0.3 7.9±0.4 

3 7.2±0.3 6.6±0.2* 7.9±0.5 

4 7.4±0.2 2.2±0.1** 7.5±0.4 

Basophils 

1 2.9±0.2 2.8±0.2 2.9±0.3 

2 2.8±0.2 2.5±0.3 2.8±0.1 

3 2.9±0.3 1.9±0.2** 2.6±0.2 

4 2.7±0.2 1.2±0.2*** 2.1±0.2* 

Band neutrophils 

1 1.6±0.2 1.4±0.3 1.3±0.3 

2 1.7±0.1 1.4±0.2 1.9±0.3 

3 1.6±0.2 1.2±0.1 1.8±0.1 

4 1.8±0.2 0.9±0.1** 1.8±0.1 

Segmented neutrophils 

1 21.8±0.6 22.8±0.4 22.6±0.4 

2 22.8±0.3 19.3±0.6*** 21.9±0.8 

3 22.7±0.2 29.7±0.3*** 25.7±0.8** 

4 22.6±0.3 38.9±0.4*** 25.9±0.5** 

Lymphocytes 

1 57.9±0.7 57.6±0.6 57.6±0.7 

2 57.8±0.4 63.7±0.6*** 58.3±0.6 

3 56.9±0.5 53.8±0.4*** 55.0±1.1 

4 57.4±0.4 49.4±0.4*** 55.3±1.0 

Monocytes 

1 7.8±0.4 7.9±0.3 7.9±0.3 

2 7.7±0.2 6.1±0.4** 7.2±0.3 

3 7.6±0.3 6.8±0.2** 7.0±0.2* 

4 7.8±0.3 7.4±0.2 7.4±0.2 

 

Note: significant changes compared to the control group (group 1) 

* - at P <0.05; ** - P <0.01; ** * - P <0.001. 

The blood of broiler chickens of group 2 showed 

significant changes in leukogram parameters 8 hours 

after vibration exposure at 120 vibrations per minute, 

namely, the content of segmented neutrophils 
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decreased by 15.4% of monocytes by 22.8%. At the 

same time, there was an increase in the number of 

lymphocytes by 11% compared with the same value in 

the control group.  

Blood leukograms of chickens of groups 3 and 4, 

subjected to vibration at 140 and 160 vibrations per 

minute, respectively, had more pronounced deviations 

of parameters in comparison with values of group 2. At 

the same time, the direction of changes in the leukocyte 

formula when exposed to vibration at 140 and 160 

vibrations per minute was of the same type and differed 

from the changes in the leukogram in group 2 with the 

exposure to 120 vibrations per minute, namely, a 

decrease in the content of eosinophils, basophils, stab 

neutrophils, lymphocytes and an increase in the number 

of segmented neutrophils. The degree of the revealed 

changes increased with the increase in the impact 

strength. 

A vibration action with a vibration frequency of 140 

rpm after 8 hours led to a significant decrease in the 

number of eosinophils by 9.6%, basophils by 34.5%, 

lymphocytes by 6.6%, monocytes by 22.8%, the 

content of segmented neutrophils increased by 30.3% 

compared to the values of the control group.  

Eight hours after exposure to vibration at 160 

vibrations per minute. The blood leukogram of broiler 

chickens underwent the following significant changes: 

a decrease in the number of eosinophils \by 69.9%, 

basophils by 58.6%, stab neutrophils by 43.8%, 

lymphocytes by 19.4%, and an increase in the number 

of segmented neutrophils by 70.6% compared to the 

values of the control group.  

The experiment found that 24 hours after exposure to 

vibration at the studied frequencies the blood 

leukograms of broiler chickens of the experimental 

groups had less significant differences in comparison to 

the indicators of blood sampling 8 hours after exposure; 

the severity of deviations in parameters was also lower. 

The content of segmented neutrophils in group 3 

exposed to vibration at 140 vibrations per minute 

exceeded the value of the control group by 12.7%, 

while monocytes were lower by 11.4%. In group 4 

exposed to vibration at 160 vibrations per minute, the 

number of segmented neutrophils was higher by 13.6%, 

and the content of basophils was lower by 27.5%. 

The leading humoral link in the implementation of the 

stress response is adrenocorticotropic hormone 

(ACTH) secreted by the anterior pituitary gland. ACHT 

activates the adrenal cortex and secretion of 

glucocorticoids, mineralocorticoids that implement the 

adaptive reactions of the stress anxiety stage. Lanin, 

D.V., 2014, have shown that there is a correlation 

between the level of glucocorticoids and the content of 

eosinophils in the peripheral blood, namely, an increase 

in the content of cortisol leads to eosinopenia [10]. A 

decrease in the content of eosinophils, noted in group 3 

and 4 with the greatest impacts of vibration, may 

indicate the release of ACTH into the bloodstream with 

subsequent activation of the adrenal cortex and, thus, 

reflect the nonspecific components of the stress 

response of the of anxiety or mobilization stage [10, 11, 

and 12]. 

Literature review showed that the objective criterion of 

stress reaction is an increase in the content of 

segmented neutrophils and a decrease in the content of 

peripheral blood lymphocytes due to the presence of a 

high content of cortisol, which suppresses the thymic-

lymphatic apparatus [7, 11 and 12]. Our studies found 

pronounced neutrophilia and lymphopenia under the 

influence of the moderate and highest vibration 

exposure in group 3 and 4, which may be a sign of the 

development of the stress reaction anxiety stage. 

Broiler chickens of group 2 showed the opposite 

changes in these types of blood cells, namely, a 

decrease in the number of segmented neutrophils and 

an increase in the number of lymphocytes, which 

indicates a pre-threshold effect that does not lead to the 

development of stress. 

Literature contains data on the role of the thyroid gland 

in the adaptive processes of the body, a relationship 

between the level of thyroxine, triiodothyronine, and 

the peripheral blood leukogram, namely, an increase in 

the secretion of these hormones that leads to a decrease 

in the content of basophils [11]. The obtained 

experimental data when using vibration action at 140 

and 160 vibrations per minute, i.e. moderate and the 
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highest, reflect a decrease in the number of basophils in 

the blood leukograms of broiler chickens in the 

experimental groups. Thus, we can assume that the 

given influences were sufficient to activate the thyroid 

function. 

One of the criteria for the tension of adaptation 

processes during the development of a stress reaction is 

the changes in monocytes in a leukogram. Literature 

evidences that an increase in the number of monocytes 

is an unfavorable sign characterizing the tension of the 

adaptive capabilities of the organism and an overdose 

of the active factor. Our studies, when exposed to 

vibration with a maximum oscillation frequency, found 

no significant differences in the content of monocytes, 

which may indicate the onset of a stress reaction 

without tension of compensatory mechanisms [9]. 

Changes in the leukogram of broiler chickens of group 

4 were characterized by a 43.8% decrease in 

comparison with the initial level in the relative number 

of immature forms - stab neutrophils, which may be 

due to their transition to a mature form and subsequent 

migration of neutrophilic leukocytes into the circulation 

system for phagocytic function [4]. 

Sadykova, 2020, shows that a body can overcome a  

single, short-term stressful effect without the 

development of stages of resistance and stress 

depletion. The return of leukogram indices, blood 

biochemical parameters to the initial values may 

indicate the restoration of homeostasis and overcoming 

stress. Our studies, 24 hours after exposure to vibration, 

showed significant differences in leukograms of broiler 

chickens of group 3 and 4 in the content of segmented 

neutrophils, monocytes, basophils, and lymphocytes, 

however, these changes were less pronounced 

compared with blood sampling 8 hours after the 

exposure, which may indicate the onset of the stress 

resistance stage [9].  

The ratio of granulocytes and agranulocytes of white 

blood cells, measured with leukocyte indices, reflects 

the state of specific immune responses, the hormonal 

status of the pituitary-adrenocortical system and is 

promising from the standpoint of diagnosing stress and 

assessing nonspecific adaptive reactions of the body [7, 

13]. Table 2 shows the results of the study of leukocyte 

indices during the adaptation of broiler chickens to 

vibration of different frequencies. 

 
Table 2. Blood leukocyte indices of broiler chickens during adaptation to vibration 

Index Group 

Blood test time 

Before the exposure 8 hours after the exposure 24 hours after the exposure 

G/L 

 

1 0.40±0.02 0.41±0.03 0.39±0.03 

2 0.39±0.02 0.30±0.01** 0.38±0.02 

3 0.40±0.01 0.55±0.01** 0.47±0.02** 

4 0.39±0.02 0.79±0.01** 0.47±0.02** 

LII 

1 0.05±0.01 0.04±0.02 0.04±0.03 

2 0.05±0.01 0.04±0.01 0.05±0.00 

3 0.05±0.01 0.07±0.00* 0.04±0.02 

4 0.05±0.01 0.23±0.03** 0.06±0.00* 

BLSI 

1 0.53±0.01 0.52±0.02 0.53±0.02 

2 0.54±0.02 0.43±0.02* 0.53±0.04 

3 0.53±0.02 0.65±0.02** 0.62±0.03* 

4 0.53±0.02 0.76±0.04** 0.60±0.02* 

Note: significant changes compared to the control group (group 1) * - at P <0.05; ** - P <0.01; ** * - P <0.001. 
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The ratio of heterophiles (segmented neutrophils) and 

lymphocytes (G/L index) in broiler chickens of all 

experimental groups 8 hours after exposure to vibration 

had significant differences compared with control (at p 

<0.01 and p <0.001). Group 2 exposed to low 

frequency vibration had a decrease in the G/L ratio by 

25% compared to the control value. With an increase in 

the vibration frequency in group 3 and 4, the G/L ratio 

increased by 37.5% and 97.5%, respectively. Porto 

M.L., 2020; Mahmoud, U.T., 2017; Sayfutdinova, 

L.V., 2019, show that the G/L ratio is an objective 

indicator of the development of a stress response. An 

increase in this ratio indicates the development of a 

stress reaction, which was noted in group 3 and 4 and is 

consistent with the dynamics of leukogram cells 

reflecting the development of stress in chickens of 

these groups. 24 hours after exposure, the G/L ratio had 

significant differences in broiler chickens of groups 3 

and 4 and was, on average, 18% higher than the control 

value; such changes may indicate overcoming the stress 

effect and the development of the stress resistance 

stage[14]. 

The indicators characterizing the presence and severity 

of intoxication processes in the body are integral 

indicators of intoxication, which use the indicators of 

the leukocyte formula [15]. By changing the leukocyte 

formula, considering other hematological parameters, 

the intensity of adaptation processes can be assessed 

[16-18]. Table 2 shows that during the experiment, 8 

hours after stressing, the leukocyte intoxication index 

(LII) significantly increased under the influence of the 

moderate and the strongest stimulus in groups 3 and 4. 

Such changes in LII can speak of intoxication processes 

in the body, which is a negative sign in the 

development of stress [11]. 24 hours after exposure, the 

leukocyte intoxication index exceeded the control value 

only in group 4 by 20%.  

As stress develops, the ratio between agranulocytic and 

granulocytic blood leukocytes changes; therefore, to 

diagnose adaptation processes, their staging and 

tension, the blood leukocyte shift index (BLSI) is used 

[6, 12, 19-23]. During the experiment, the leukocyte 

shift index (BLSI) 8 hours after exposure had 

significant differences in broiler chickens of all 

experimental groups compared to the control. Low-

frequency vibration in group 2 cause the rate to 

decrease by 18.9%, which confirms the absence of 

stress in this group. When exposed to moderate and 

high frequencies, the index increased in groups 3 and 4 

by 22.6% and 43.4% respectively. These changes in the 

indicator indicate an increase in the content of 

granulocyte blood leukocytes, and, consequently, the 

presence of a stress response [7]. One day after 

exposure to vibration, the shift index of blood 

leukocytes was significantly higher than the control 

value by an average of 17% in groups 3 and 4. 

CONCLUSIONS 

The analysis of the blood leukogram of broiler chickens 

taken 8 hours after exposure to vibration of different 

frequencies shows that in group 2 the vibration 

frequency of 120 vibrations per minute had a 

subthreshold value and did not cause stress, while in 

groups 3 and 4, the vibration strength was sufficient for 

the development of a stress response and the changes in 

leukogram cells reflected characteristic changes in the 

stage of anxiety or stress mobilization. Exposure to 

vibration at 160 vibrations per minute caused the 

development of stress, proceeding with the tension of 

the body's functional capabilities, which is proved by 

indirect signs of activation of the thyroid gland 

function, glucocorticoid system, and the presence of 

intoxication processes in the body. 

Twenty-four hours after exposure, the blood of broilers 

exposed to medium and high vibration levels had 

significant deviations of leucogram parameters noted; 

these changes may indicate overcoming of the stress 

effect and the development of the stress resistance 

stage. 
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