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The research presents the results of experimental studies of the influence of various physicochemical factors (phonophore-

sis, electrophoresis, electrospray, diffusion, etc.) on the rate of transport of biologically active substances through the protective layer 
of hatching eggs shell of crossbred Haysex Brown. The aim of the study was to compare the effectiveness of the use of physico-
chemical methods of transportation of biologically active substances through the shell of hatching eggs of chickens. For the experi-
ment, three batches of eggs were formed, which were obtained from layer hens Haysex Brown, 144 pieces in each experimental 
group. The kinetic parameters of BAS transport through bioceramic protective barriers of eggs were calculated based on the deter-
mination of BAS concentration on the surface and inside the egg by mass spectrometric method (mass spectrometer with ionization 
of 252Cf fission fragments "MSBH", (Ltd "SELMI", Sumy, Ukraine). The degree of permeability of bioceramic layers of the shell rela-
tive to the model gas mixture which is identical to the atmospheric air was studied by the method of V. Breslavets et other and the 
mass spectrometric method (gas mass spectrometer "MX 7304A"). Electron microscopic studies were performed on a scanning 
electron microscope REMMA-102; Visilog 6.11 (Noesis, Belgium) was used to process the obtained digital images to determine the 
number of shell microdefects per unit area of the digital image. It has been experimentally proved that to increase the efficiency of 
transport of biologically active substances (BAS) through the bioceramic layers of the shell of hatching eggs of Loman Brown hens, it 
is advisable to use ultrasonic treatment (phonophoresis, sonophoresis), substances - enhancers, including plant terpenes (L-
menthol), DMSO and cyclodextrin. Phonophoretic treatment of hatching eggs increases the hatchability of eggs by 7.6%. At the 
same time, the gas permeability of the bioceramic layer increases significantly (by 0.43. 10-4 m3 / m2 s). 
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One of the newest promising approaches to the urgent 

problem of increasing the hatchability of hatching eggs and the 
quality of young poultry is the regulation of metabolism of avian 
embryos during incubation using various physicochemical fac-
tors, including biologically active substances (BAS) of synthetic 
and natural origin [1, 3, 8, 14, 17]. Despite the fact that, as 
shown by numerous studies, as a BAS can be used a variety of 
organic and inorganic substances, and still remain unresolved 

certain aspects of non-destructive transport of these BAS 
through the bioceramic protective barrier of eggshell [2, 7, 10, 
21]. 

The problem of delivery of BAS to the area embryo de-
velopment is achieved by fundamentally different methods [5, 6, 
9, 25]. One of them is the introduction of BAS and vaccines in 
the middle of the hatching egg ("in ovo") using a precision nee-
dle microdose (technology Embrex Inc., USA). However, this 
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technology involves a local violation of the integrity of the bioc-
eramic layer [4, 11]. Also known are technologies for regulating 
the metabolism of avian embryos that use passive and active 
transport of BAS through the bioceramic layer. The main driving 
factor of the first is the free diffusion of substances that are part 
of the BAS, through the calcite layer of the shell [12, 15, 18, 19]. 

Factors of active transport include accelerated diffusion 
and transfer by means of "transporter molecules" and so-called 
"enhancers" - substances that enhance the transfer processes 
[13, 24, 26]. Peculiarities of both approaches to transshell trans-
fer are combined in the technology of "artificial cuticle" for hatch-
ing eggs [16]. We note that due to the complex, multicomponent 
and heterogeneous structure of bioceramic and glycoprotein 
protective layers of the shell and supra- and subshell mem-
branes, detailed studies of the mechanisms and kinetic parame-
ters of transport of organic substances that are part of BAS, 
different molecular weight, shape and charge [20, 22, 23, 27]. 

The aim of the study was a comparative study of the 
efficiency of transport of biologically active substances through 
the shell of hatching eggs of Haysex Brown chickens. 

Materials and methods of research. The work used 
hatching eggs (15-20 weeks of egg-laying), obtained from a 
high sex brown bird, which was kept in accordance with the 
established norms of keeping and feeding. The kinetic parame-
ters of BAS transport through bioceramic protective barriers of 
eggs were calculated based on the determination of BAS con-
centration on the surface and inside the egg by mass spectro-
metric method (mass spectrometer with ionization by 252 Cf 
fragments "MSBH", (Ltd "SELMI", Sumy, Ukraine). Reagents: 
creatine phosphate disodium salt, 5% (Sigma, USA), adenosine 
monophosphate (AMP) (Sigma, USA), glutamine (Glu) (Serva, 
Germany), cysteine (Cis) (Reanal, Hungary), dimethyl sulfoxide 
(DMSO); -cyclodextrin,  (Sigma, USA)*. The composition of the 
model aqueous solution of BAS (MR-BAS) for experiments to 
determine the efficiency of transport of BAS in the middle of the 
egg: (AMP (0.1%) + Glu (0.1%) + Cis (0.1%) + creatine phos-
phate disodium salt (0.1%). Concentrations of substances "en-

hancers": DMSO (0.05-1.5%), - cyclodextrin (0.5-3.0%), L-
menthol (0.5-2.5 %), quaternary ammonium compounds (QAC) - 
CID-20 (CID-Line, Belgium) (0.5-2.0%).The study of the effi-
ciency of transporting BAS in the middle of the egg (n = 144) 
was performed as follows: 

Control (Intensity of BAS diffusion under conditions of 
equal temperatures outside and inside the egg): 50 μl of MR-
BAS was applied to the lateral surface of the egg (thermostat; 
humidity 95-98%; 18± 0.20С; 12 hours); 

Group 1 (Free diffusion of BAS under conditions of ele-
vated temperature inside the egg): egg kept in a thermostat for 
2 hours at a humidity level of 95-98%; 25±0,2 ͦC, immersed for 
15 minutes in a solution of MR-BAS 15±0,100С (water thermo-
stat); 

Group 2 (Substance “enhancer” - cyclodextrin): 50 μl 

of MR-BAS + - cyclodextrin (0.5%) was applied to the lateral 

surface of the egg (thermostat; humidity 95-98%; 18020C; 12 
hours) ; 

Group 3 "Substance" enhancer "from the group of ter-
penes (L-menthol): on the side surface of the egg was applied 
50 μl of MR-BAS + L-menthol (0.5%) (thermostat; humidity 95-

98%; 18020C ; 12 hours); 
Group 4 (DMSO enhancer substance): on the side sur-

face of the egg was applied 50 μl of MR-BAS + DMSO (0.05%) 

(thermostat; humidity 95-98%; 1820С; 12 hours); 
Group 5 “Substance“enhancer ”from the QAC group 

(CID-20): on the side surface of the egg was applied 50 μl of 
MR-BAS + CID-20 (0.5%) (thermostat; humidity 95-98%; 

1820С; 12 hours); 
Group 6 (Hydraulic shock): a solution of MR-BAS was 

applied to the side surface of the egg with a diameter of 0.3 mm 
in a pulsed mode (0.5 s) under a pressure of 2.5 atm for 2 
minutes; 

Group 7 (Electrophoresis): on the side surfaces of the 
egg from above and below were placed foam washers with a 
diameter of 1 mm, saturated with a solution of MR-BAS (1 ml). 
Platinum electrodes were connected to the washers (voltage 3.5 

V; current direct; 10 min.; thermostat 18020С 
Group 8 (Electrospray "electrospray") (diameter of drop-

lets of aerosol of solution MR-BAS 200 nm - 1 µm; voltage + 
7 kV; 

Group 9 (Phonophoresis; sonophoresis; ultrasonic 

treatment)]; 1800,20, 22 kHz for 2-15 s). 
The degree of permeability of bioceramic layers of the 

shell relative to the model gas mixture which is identical to the 
atmospheric air was studied by the method of V. Breslavets et 
al. [3] and mass spectrometric method (gas mass spectrometer 
"MX 7304A"). Electron microscopic studies were performed on a 
scanning electron microscope REMMA-102, when processing 
the obtained digital images to determine the number of microde-
fects of the shell per unit area of the digital image (Y; number of 
channels,%; table), used the program Visilog 6.11 (Noesis, 
Belgium). Experimental results (repetition not less than n = 5) 
were processed statistically using the package Statistica 5.1. 

Results of research and discussion. The table shows 
the results of a series of experiments comparing the degree of 
efficiency of methods of transporting BAS through the biocrys-
talline layer of the shell. The control was taken as the amount of 
BAS received by conventional diffusion for 12 hours at a humidi-

ty level of 95-98% and a temperature of 1800,20C; in the mid-
dle of the egg at equal temperatures outside and inside the egg. 
At the end of the experiment, a drop of BAS on the outer sur-
face of the shell was dried, then the egg was carefully retrieved 
from the protein and yolk, dried again, then selected 0.5 cm2 
shell with a layer of BAS applied to the outer surface, broken 
into 2 equal parts, fixed on the disk surface to keep the sample 
of the device "IASB" (one part of the outer surface, the other 
inner). Thus, the analysis of the organic component of the outer 
and inner surfaces of the shell allowed a comparison in a certain 
approximation of the number of BAS received during incubation 
in the middle of the egg. Thus, in the case of normal diffusion in 
the middle of the egg received 0.03 ± 0.009% of the amount of 
BAS contained on the surface. 

The table shows that the most promising factors for non-
destructive transfer of BAS through the biocrystalline layer are 
ultrasonic treatment (phonophoresis, sonophoresis), plant ter-
penes (L-menthol), which are already used in biotechnology as 
enhancers of BAS transport through natural protective struc-
tures (leather, bioceramics, etc.), DMSO and CD. 

In particular, phonophoretic treatment of hatching eggs 
of Lohmann Brown crosses increases the hatchability from the 
initial value of 80.4% to 88.0% (+7.6). This significantly 
increases the gas permeability (up to 1.91 from the initial value 
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of 1.48. 10-4 m3 / m2  s) (+ 0.43) under conditions of transfer to 
the middle of the egg 79.2% of the BAS of the total number of 

eggs applied to the surface (Table 1). 

Table 1 
Comparison of the efficiency of different physicochemical methods of transportation 

of biologically active substances (BAS) in the middle of hatching eggs  
(cross Lohmann brown) 

G
ro

up
s 

Kind of  
transportation 

The content of BAS 
 in the middle of the 

egg,% of control 
Y, % 

Gas permeability 
10-4 м3/м2с 

Eggs 
hatching, 

% 

C 
Control (intensity of diffusion of BAS under conditions of equal 
temperatures outside and in the middle of the egg). 

0,03±0,009 65,2±1,84 1,48±0,052 80,4±2,42 

1 
Free diffusion of BAS under conditions of elevated temperature in 
the middle of the egg 

2,5±0,11** 65,0±2,33 1,48±0,091 81,1±3,10 

2 Cyclodextrins (CD) 13,4±0,09** 65,6±0,71 1,56±0,173* 85,6±0,71* 

3 L-menthol 58,2±0,27** 65,0±1,54 1,49±0,562 86,0±0,94* 

4 Dimethyl sulfoxide (DMSO) 65,1±0,14** 66,0±2,03 1,48±0,183 86,0±0,22* 

5 Quaternary ammonium compounds (QAC) CID-20 10,8±0,31** 65,6±2,40 1,44±0,114 82,8±1,61 

6 Hydraulic shock 22,1±0,05** 81,1±1,33** 1,51±0,273 81,7±0,40 

7 Electrophoresis 56,4±0,23** 78,0±3,44** 1,71±0,363** 86,0±2,33* 

8 Electrospray 35,3±0,16** 69,4±1,73* 1,56±0,150* 82,8±2,03 

9 Phonophoresis 79,2±0,08** 74,0±2,11** 1,91±0,091** 88,0±1,10** 
Notes: * P <0,05; ** P <0.01. 
 

It is noteworthy that there is no unambiguous correlation 
between the level of morphological "ordering" of bioceramic 
layers of the shell, which in our work is expressed by Y (the 
number of microdefects in the shell per unit area of digital image 
of the shell), and the level of gas permeability of the bioceramic 
layer. Thus, the number of microdefects of the bioceramic layer 
per unit area of the shell in comparison with the control signifi-
cantly increases (+ 15.9%) under the influence of "hydraulic 
shock", as well as with the use of phonophoretic techniques (+ 
8.8% relative to control). However, the corresponding increase 
in the number of BAS received in the middle of the egg is + 
22.07% and 79.17% compared to the control. These results 
provide grounds for assuming the existence of different mecha-
nisms of transfer of organic compounds through the bioceramic 
layer in the first and second cases. In particular, phonophoretic 
technology is based on the use of ultrasonic radiation, which is 
characterized by the so-called "sonocapillary effect", which 
consists in multiple (sometimes orders of magnitude) enhance-
ment of capillary transport of liquid phase substances in hetero-
geneous solid phase media. 

At the same time, the technique of "hydraulic shock", 
which has proven itself well in devices for non-destructive trans-
fer of liquid substances through the membrane systems of living 
tissues, in the case of solid-phase structures is not effective 
enough. In this aspect, the electrospray technique proved to be 
more effective - as can be seen from the table, the number of 
microdefects of the bioceramic layer per unit area of the shell 

does not differ significantly from the control. However, the effi-
ciency of trans shell transfer exceeds the corresponding figure 
inherent in the technique of "hydraulic shock" by 58.1%. 

According to our data, very promising are the classic 
substances- "enhancers" - DMSO and plant terpenes (L-
menthol). These substances significantly increase the rate of 
trans shell shell transfer (+ 65.07% and 58.17%, respectively) 
and at the same time have little effect on the degree of ordering 
of heterogeneous layers of bioceramics (table). DMSO and L-
menthol also have a positive effect on the egg hatchability, 
although they are not able to increase the gas permeability of 
the bioceramic layer. 

Conclusions. It has been experimentally proved that to 
increase the efficiency of transportation of biologically active 
substances (BAS) through the bioceramic layers of the shell of 
hatching eggs of Loman Brown chickens, it is advisable to use 
ultrasonic treatment (phonophoresis, sonophoresis), enhancers, 
including plant terpenes (L-menthol), DMSO and cyclodextrin. 

Phonophoretic treatment of hatching eggs increases the 
hatchability of eggs by 7.6%. At the same time, the gas perme-
ability of the bioceramic layer increases significantly (by 0.43. 

10-4 m3 / m2   s). 
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Зоогігієнічна характеристика біотехнологічних методів щодо регулювання обміну речовин ембріона ку-

рей в процесі інкубації 
В роботі наведені результати експериментальних досліджень щодо впливу різних фізико-хімічних чинників (фо-

нофорез, електрофорез, електророзпилення, дифузія,тощо) на швидкість транспортування біологічно активних речо-
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вин через захисний шар шкаралупи інкубаційних яєць птиці кросу Хайсекс браун. Метою дослідження було порівняння 
ефективності використання фізико-хімічних методів транспортування біологічно активних речовин через шкаралупу 
інкубаційних яєць курей. Для проведення досліду було сформовано три партії яєць, котрі були отримані від курей-несучок 
Хайсекс браун, по 144 штук в кожній експериментальній групі. Кінетичні параметри транспортування БАР через біоке-
рамічні захисні бар'єри яєць вираховували виходячи з визначення концентрації БАР на поверхні і всередині яйця мас-
спектрометричним методом (мас-спектрометр з іонізацією уламками поділу 252Cf "MСБХ", (ВАТ "SELMI", Суми, Україна). 
Ступінь проникності біокерамічних шарів шкаралупи щодо модельної газової суміші яка є ідентичною атмосферному 
повітрю, вивчали методом В. О. Бреславця та ін. та мас-спектрометричним методом (газовий мас-спектрометр "МХ 
7304А". Електронно-мікроскопічні дослідження проводили на скануючому електронному мікроскопі РЕММА-102; при обро-
бці отриманих цифрових зображень для визначення кількісті мікродефектів шкаралупи на одиницю площі цифрового 
зображення, використовували програму Visilog 6.11 (Noesis, Бельгія). Експериментально доведено, що для підвищення 
ефективності транспортування біологічно активних речовин (БАР) через біокерамічні шари шкаралупи інкубаційних яєць 
курей кросу Ломан браун доцільно використовувати ультразвукову обробку (фонофорез, сонофорез), речовини “енхансе-
ри”, зокрема рослинні терпени (L-ментол), ДМСО і ЦД. Фонофоретична обробка інкубаційних яєць підвищує показник 

виводимості яєць на 7,6%. При цьому значно зростає газопроникність біокерамічного шару (на 0,43 . 10-4 м3/м2  с). 
Ключові слова: біотехнологія, технологія, інкубація яєць, дезінфектанти, біологічно активні речовини 
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