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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 hatchig eggs shell of crossbred Haysex Brown. The aim of the study was to compare the effectiveness of the use of physicochem-
ical methods of transportation of biologically active substances through the shell of hatching eggs of chickens. For the experiment,
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 determination
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 relative 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 spec-
trometric method (gas mass spectrometer "MX 7304A"). Electron microscopic studies were performed on a scanning electron micro-
scope 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 biolog-
ically 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 per-
meability of the bioceramic layer increases significantly (by 0.43. 10-4 m3/m? 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
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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
needle microdose (technology Embrex Inc., USA). However, this
technology involves a local violation of the integrity of the bioc-
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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%), a- 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 pl of MR-
BAS was applied to the lateral surface of the egg (thermostat;
humidity 95-98%; 18+ 0.20C; 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+0,2C, immersed for
15 minutes in a solution of MR-BAS 1540,100C (water thermo-
stat);

Group 2 (Substance “enhancer” o~ cyclodextrin): 50
of MR-BAS + a- cyclodextrin (0.5%) was applied to the lateral
surface of the egg (thermostat; humidity 95-98%; 180+2°C; 12
hours) ;

Group 3 "Substance" enhancer "from the group of ter-
penes (L-menthol): on the side surface of the egg was applied
50 pl of MR-BAS + L-menthol (0.5%) (thermostat; humidity 95-
98%; 180+2°C ; 12 hours);

Group 4 (DMSO enhancer substance): on the side sur-
face of the egg was applied 50 pl of MR-BAS + DMSO (0.05%)
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(thermostat; humidity 95-98%; 18+2°C; 12 hours);

Group 5 “Substance‘enhancer "from the QAC group
(CID-20): on the side surface of the egg was applied 50 pl of
MR-BAS + CID-20 (0.5%) (thermostat; humidity 95-98%;
18+20C; 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 180+2°C

Group 8 (Electrospray "electrospray") (diameter of drop-
lets of aerosol of solution MR-BAS 200 nm - 1 um; voltage + 7
kV;

Group 9 (Phonophoresis; sonophoresis; ultrasonic
treatment)]; 18040,20, 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 180+0,2°C; 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
of 1.48. 104 m3 / m2 s) (+ 0.43) under conditions of transfer to
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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)
] ) The content of BAS . Eggs
§ tran}ggg rt(;ftion in the middle of the egg, (,YA’ Ga?g f;ﬂf;g“ty hatgl?ing,
© % of control %
c ?ontrol (intensity qf diffusign of BAS under conditions of equal 0,03£0,009 65.241,84 1,4840,052 80,442.42
emperatures outside and in the middle of the egg).
1 Free diffusion of BAS under conditions of elevated temperature 25£0,11** 65,042,33 1,480,091 81.1£3.10
in the middle of the egg
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 1,4940,562 86,0+0,94*
4 | Dimethyl sulfoxide (DMSO) 65,1+0,14** 66,0+2,03 1,4840,183 86,0+0,22*
5 | Quaternary ammonium compounds (QAC) CID-20 10,8+0,31** 65,642,40 1,4440,114 82,8+1,61
6 | Hydraulic shock 22,1+0,05** 81,1+1,33* 1,5140,273 81,7+0,40
7 | Electrophoresis 56,4+0,23** 78,0+344* | 1,710,363 86,0+2,33*
8 | Electrospray 35,3+0,16** 69,4+1,73* 1,56+0,150* 82,8+2,03
9 | Phonophoresis 79,240,08** 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.
10-4m3/m2 -s).
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BopdyHoea Onbea MeopeaiieHa, dokMOp CinbCbk020cn0dapCLKUX HayK, NPoghecop

CamoxiHa €ezeHiss AHamoniigHa , kaHdudam CinbCcbko20cnodapchKux Hayk, oueHm

XmenbHu4uli Jleonmit Muxatinoguy, dokmop cinbcbko2ocnodapcukux HayK, npogecop

Moeod Mukona I'puzoposuy, dokmop CinbCbk020cn00apChbKUX HayK, npoghecop

Beuyopka Bikmopisi BikmopigHa, dokmop CinbCcbkoeocnodapchKux Hayk, hpogecop

Cymcbkull HayjoHaneHUl agpapHull yHisepcumem (Cymu, Ykpaita)

3oozizieHiyHa xapakmepucmuka 6iomexHono2iyHUXx Memodie u;000 peaynro8aHHs1 06MiHy pe4yoeuH eMOpioHa Ky-
peli 8 npoueci iHky6au i

B pobomi HasedeHi pesynbsmamu ekcnepumeHmarnsHux docnidxeHs wWodo 8nnusy Pi3HUX Pi3UKO-XIMIYHUX YUHHUKI8 (¢ho-
Hoghopes, enekmpoghopes, enekmpoposnuneHHs, dugysis,mowio) Ha weudkicmb mpaHcnopmysaHHs 6i0N02iYHO aKmMUBHUX Peyo-
8UH Yepe3 3axucHull wap wkapanynu iHkybauiliHux sieub nmuyi kpocy Xaticekc 6payH. Memoto 00CniOXeHHs 6yno nopieHSIHHS
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ehekmugHOCMi 8UKOpUCMAaHHs (hi3UKO-XIMIYHUX Memodig mpaHcnopmyeaHHs 6i0N02IYHO aKMUBHUX PEYOBUH 4Yepe3 WKapasnyny
iHKybayitHux seup kyped. [ns nposedeHHs docnidy 6yno cepopmosaHo mpu napmii aeys, kompi 6yau ompumani id Kypel-Hecy4oK
Xaticekc bpayH, no 144 wmyk 8 KoxHIl exkcnepumeHmaneHit epyni. KinemuuHi napamempu mpaHcnopmyeaHHs BAP uepe3 bioke-
pamiyHi 3axucHi bap'epu fieub supaxosysanu euxodsyu 3 eU3Ha4yeHHs KoHueHmpauii BAP Ha nosepxHi i ecepeduHi slius mac-
cnekmpomempuyHUM MemodoM (Mac-cnekmpomemp 3 ioHizauieto ynamkamu nodiny 252Cf "MCBEX", (BAT "SELMI", Cymu, YkpaiHa).
CmyniHb npoHUKHOCMI biokepamiyHUX wapie wkapanynu wodo ModenbHOi 2a3080i CyMili sika € I0EHMUYHOK ammMoCchepHOMy
nosimpro, sug4anu memodom B. O. bpecnasys ma iH. ma mac-cnekmpomempuyHuM memodom (2a3oeull mac-cnekmpomemp "MX
7304A". EnekmpoHHO-MIKPOCKONIYHi O0CTIOKEHHS npogoduIu Ha CKaHyr4YoMy enekmpoHHomy mikpockoni PEMMA-102; npu o6po-
6ui ompumaHux yugposux 306paxeHb 05 8U3HAYEHHS KinbKicmi mikpodeghekmig wikapanynu Ha OOUHUUK NIowi yughposozo
306paxeHHs], sukopucmosysanu npoepamy Visilog 6.11 (Noesis, benbeisi). EkcnepumeHmarnbHO 008e0eHO, W0 05151 NiOBUUEHHS
ehekmugHoCmi mpaHcnopmyearHs 6ionoaiyHo akmueHux peqosuH (BAP) 4epes biokepamidHi wapu wkapanynu iHkybauyjtiHux seub
Kypel kpocy flomaH bpayH 00UinbHO 8uKkopucmosysamu ynbmpa3sgykogy 06pobKy (hoHohopes, COHOOPES), PEHOBUHU “eHXaHCe-
pu’”, 3okpema pocruHHi mepneHu (L-meHsmon), AMCO i Lf]. ®oHogpopemuyHa 0bpobka iHKybayilHUX seyb nideuwyye NOKa3HUK
gusodumocmi seyp Ha 7,6%. [pu uboMy 3Ha4HO 3pocmae 2a30nPOHUKHICMb biokepamiyHozo wapy (Ha 0,43 . 104 M3m? - ¢).
Knroyoei cnoea: biomexHonoais, mexHonozis, iHKybauis seyb, desiHpekmaHmu, 6i0n02iYHO aKmUBHI Pe4O8UHU
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