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SPREAD OF BOVINE NECROBACTERIOSIS IN THE KHMELNYTSKYI REGION

Abstract

Bovine necrobacteriosis is a disease that causes significant economic losses in dairy farming. It has been established that the
spread of this disease occurs in large farms where highly productive animals are kept.

The paper deals with the distribution of fusobacteria in the farms of Khmelnytsky region and the peculiarities of laboratory
diagnostics of the pathogen. For bacteriological examination, biological material was collected in vivo - scrapings from lesions on the
border of healthy and necrotic tissue. Ildentification of cultures was performed on the basis of morphological, tinctorial, cultural and
biological properties assessed by conventional bacteriological methods, as well as using the Bergies determinant.

Necrobacteriosis in the farms was clinically manifested in most dairy cows, with isolated cases in calves. It was found that
the highest percentage of sick cows in the entire dairy herd was observed in the second lactation. Necrobacteriosis of the distal limbs
was usually complicated by purulent and putrefactive microflora. Fusobacterium necrophorum was always isolated in association
with other bacteria: Clostridium difficile, Escherichia coli, Staphylococcus aureus and other opportunistic pathogens. Fusobacterium
necrophorum was poorly identified on the basis of morphological and biochemical properties, but the biological test on rabbits gave a
consistently positive result. In the presence of F. necrophorum in the pathological material or in the culture, necrosis developed in the
rabbit at the puncture site in 3—4 days.

Key words: necrobacteriosis, Fusobacterium necrophorum, microbiocenosis, bioassay.

Introduction. Bovine necrobacteriosis is recorded annually on Ukrainian livestock farms. Economic losses from
the disease are based on reduced milk production of cows (by 14-50%), reduced calf production from cows that have been
infected, and the costs of treatment and prevention measures [14]. Under conditions of year-round stall housing of cows,
lesions of the distal limbs occur in 79% of animals and are recorded evenly throughout the year. In stall housing with
passive motility in winter and camp housing with grazing on pastures in summer, they are found in 13.8% of the available
livestock and mainly in summer [15].

It is known that due to purulent-necrotic processes in the area of the toes in cows, the weight gain of fattening
animals decreases by 30-50% or more, and sire bulls reduce sperm production and are quickly culled. In cows with
necrobacteriosis, depending on the severity of the pathology, milk yields decrease by up to 50%, calf yield — by 15-20%
[20]. It also increases herd rotation, disrupts the breeding plan, which does not allow the genetic potential of the breed to
be realized and reduces the profitability of the industry [8; 9; 22].

The disease among animals is most often recorded as an associated infection that manifests itself against the back-
ground of reduced body resistance, with immunodeficiency of the B-cell immune system, due to the negative impact
of exogenous and endogenous stress factors on the animal body [7; 10; 17].
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A retrospective analysis showed that over the past 15 years, the spread of necrobacillosis in Ukraine has been
closely linked to the import of breeding cattle from Germany, Hungary, the Netherlands and other European countries
where the disease has been recorded for more than 100 years [21].

In order to increase the milk yield of cows, many livestock farms in the country are switching their dairy herds to
silage and silage-concentrate feeding types, which are able to provide the maximum amount of milk. However, in most
cases, these types of feeding have a negative impact on animal homeostasis and become one of the causative factors
of necrobacteriosis. The use of a significant proportion of acidic feed, even benign ones, in the volume of diets for dairy
cattle changes the direction of metabolic processes in the body of dairy cattle due to disruption of carbohydrate metabo-
lism and the ratio between lactic acid and VFAs [13].

It is known that the quality of silage is directly related to the pH value. The reaction of the silage medium with a pH
value of 4.4 indicates its preservation through fermentation processes with the formation of lactic acid, which ensures
its highest quality. Silage pH values above 4.4 indicate proteolytic fermentation of silage with the formation of butyric,
propionic and other acids, amines and ammonia, which change the direction of metabolism [18]. Such changes provoke
the gradual development of metabolic acidosis and functional disorders, including water-salt metabolism. At the same
time, due to increased water retention in the interstitial environment, geodynamics is disturbed, and tissues become hydro-
philic. In addition, the progression of metabolic acidosis causes the mobilization of Ca, Na and P ions from bones, which
negatively affects the general condition of bone tissue and hoof horn tissue. At this time, the stomach reflexively reduces
the secretion of hydrochloric acid, which leads to ulcers. In the fore stomachs of cattle, favorable conditions are created
for the development of opportunistic microflora, which is constantly present in them [23].

Therefore, the introduction of silage or silage-concentrate feeding in dairy cattle breeding is an endogenous causal
factor for the emergence and rapid spread of necrobacteriosis with a significant impact on the dairy herd in farms [24].
According to foreign scientists, the use of concentrate feeding also ensures high milk yields, but increases the cost per unit
of production. Therefore, this practice is not widely used in livestock farms [11]. The emergence and spread of the disease
is facilitated by improper animal housing and feeding conditions, short stalls, untimely manure removal, improper use
of preventive foot baths, untimely hoof cleaning, and inadequate housing and feeding conditions for heifers and high-
yield cows imported from the Netherlands and Germany. Significant economic losses are suffered by those farms that
import heifers [1; 2; 16].

Objective. In view of this, the aim of our research was to investigate the spread of fusobacteria in farms of Khmel-
nytskyi region and to determine the peculiarities of laboratory diagnostics of the pathogen.

Presentation of the main research material. Materials and methods. Clinical studies were conducted on the farms
of Dunayevetskyi and Bilohirskyi districts of Khmelnytskyi region. Necrobacteriosis of cows was determined taking into
account the epizootic situation and on the basis of clinical signs. In case of purulent necrotic lesions of the skin and adja-
cent connective and muscle tissues, mainly on the lower parts of the limbs, pathological material was collected for bacte-
riological examination. Scrapings from lesions at the border of healthy and necrotic tissue were sent to the Khmelnytskyi
Regional Laboratory of Veterinary Medicine for in vivo examination (r = 20). In two cases, parts of parenchymal organs
with necrotic foci were sent.

Isolation and identification of Fusobacterium necrophorum was performed in accordance with the Working
Instruction «Scheme of bacteriological examination for necrobacteriosis» PI B[ 5.4-139 of 12.07.2013. Stages of bac-
teriological testing: sample preparation; inoculation on nutrient media; smear microscopy; biological tests; isolation
of the pathogen culture; identification of the pathogen; recording of results. Fixed smears were made from necrotized tis-
sues, and impression smears were made from pieces of parenchymal organs, which were stained with Gram, Romanowski-
Gimzy and Loeffler’s blue. Cultures from pathological material were made in Kitt-Tarozzi medium, which was previously
regenerated at 100°C for 20-30 min. and cooled to 45-50°C); MPB (meat-peptone broth); MPA (meat-peptone agar)
and on serum-glucose agar. Agar plates were placed in anaerobic conditions at 37°C for 5 days [5].

At the same time, 0.5—1 ml of a suspension of pathological material diluted at a concentration of 1:10 was
injected subcutaneously into the middle third of the outer surface of the ear. Also, if necessary, the rabbit was infected
with 0.5—1 ml of daily broth culture of the pathogen subcutaneously in the middle third of the outer surface of the ear.
In the presence of F. necrophorum in the pathological material or in the culture, necrosis developed in the rabbit
at the puncture site in 3—4 days. Smears were made from the necrotic area, stained with Gram’s and Romanowski-
Gimzy stains. If granular stained filaments characteristic of the pathogen were found in the smears, the biological
sample was considered positive.

To determine the associations of microorganisms in the necrotic focus of the limbs, pathological material
was inoculated on conventional and selective nutrient media, namely, meat-peptone broth, meat-peptone agar, Kitt-
Tarozzi broth, salt-blood agar for streptococci, KODA medium, Endo agar, sucrose broth and 6.5% salt agar. Cultures
were identified on the basis of morphological, tinctorial, cultural and biological properties assessed by conventional
bacteriological methods, as well as using the Bergey’s identifier [4].

Research results. Animals in the farm of the Dunayevetskyi district were kept in typical cowsheds, tethered during
the stall period, there was practically no exercise in winter, and from spring to autumn the animals were kept in a fenced
summer camp. The bedding in the barns was made of straw, and manure was removed by scraper conveyors.
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Animals in the farms of Bilohirskyi district were kept without ties. The floors in the cowsheds are partly tiled
and partly wooden (where the cows are kept). The farm uses modern fattening, housing and milking technologies.

The diet of cows throughout the year in all farms changed slightly and was calculated by groups depending on
the milk production of the animal. Attention was paid to the feeding of dry cows, because the viability of future young
animals and the milk production of females depend on its quality.

Necrobacteriosis in the farms was clinically manifested in most dairy cows, with isolated cases in calves. Therefore,
we did not take into account the entire livestock population in our studies.

The data of the study of the spread of necrobacteriosis in cows in accordance with lactation are shown in fig. 1.

It was found that the highest percentage of sick cows in the entire dairy herd was observed in the second lactation.
During this period, the animals’ immune system becomes more stressed, which can be undermined by unfavorable factors,
such as feeding, housing and animal care conditions. The decrease in sick cows in the fifth and sixth lactation is explained
by the fact that the number of 8—9-year-old animals in the farm does not exceed 4% of the total number of dairy cows and,
as a rule, only mastitis-resistant cows were kept until that age.

The diagnosis of bacteriosis was made on the basis of epizootic data, clinical presentation and bacteriological
examination. Clinically, the disease was detected during daily examinations and was manifested by lesions of the distal
limbs, which began with redness and swelling of the coronet, soft tissue and arch of the interlocks gap (fig. 2). Initially,
serous exudate was released, which gradually turned into purulent exudate.

Animals began to limp. Necrobacteriosis of the distal limbs was usually complicated by purulent and putrefactive
microflora. In this case, the disease became chronic, and deeply located limb tissues were involved in the process, under-
going necrosis.

The diagnosis of necrobacteriosis was confirmed bacteriologically. We found that out of 20 samples of pathologi-
cal material, Fusobacterium necrophorum was isolated from 17 samples (fig. 3).

Fusobacterium necrophorum has always been isolated in association with other bacteria: Clostridium difficile,
Escherichia coli, Staphylococcus aureus and other opportunistic pathogens.

It should be noted that the pathogen did not always grow on the nutrient media, but the biological test on rabbits
was always positive (fig. 4). The pure culture of Fusobacterium necrophorum was obtained using the biological sample.

Fusobacterium necrophorum is a strict anaerobe, a Gram-negative, non-motile, non-spore-forming polymorphic
bacillus. On Kitt-Tarozzi medium, F. necrophorum formed intense turbidity first in the lower layers of the medium,
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Fig. 2. Clinical picture of necrobacteriosis
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Fig. 3. Microbial associations in cow necrobiosis

and later in the upper layers; gas formation was weak. Broth clarification occurred on day 5-8, with a fragile precipitate
falling to the bottom of the tube. Under microscopy, granularly stained long filaments were found in the culture.

Discussion. According to a number of authors, up to 18 species of bacteria are isolated and identified from
the necrotic focus, which confirms the polyetiological of necrobacteriosis. However, Fusobacterium necrophorum plays
the main role in the pathogenesis of the disease. These studies have shown that the disease does not develop without
the presence of F. necrophorum [19].

Most studies also indicate that the etiology of the disease includes associates in addition to the main pathogen F. nec-
rophorum: Staphylococcus aureus, Clostridium perfringens, Diplococcus spp., Klebsiella pneumoniae, Citrobacter spp. Str.
zooepidermicus, Micrococcus spp., Streptococcus faecalis, Salmonella typhimurium [12].

To date, scientists have identified a synergy between Fusobacterium necrophorum and Actinobacillus pyogenes
that increases the virulence of pathogens through the production of leukotoxin by fusobacteria, which promotes the spread
of Actinobacillus pyogenes in body tissues, and actionability, in turn, produce a growth factor for Fusobacterium necro-
phorum, enhancing the activity of its enzymes and toxins [3]. It has been established that associations of microorganisms
Cl. pyogenes, S. aureus, S. pyogenes, Fusiformis nodosus with their enzyme systems enhance the effect of F. necrophorum
through the activation of its pathogenicity factors [6].

Taking into account the causative factors of purulent necrotic lesions of necrobacteriosis in cattle, the prevention
of the disease is based on the following principles: prevention of intestinal dysbiosis; control of mineral nutrition; con-
trol of hoof condition; technological disinfection; organization of pasture
or walking maintenance. Preventing the development of intestinal dysbio-
sis can be achieved by increasing the proportion of good quality roughage
in the diet, as fibre is an essential element of nutrition for ruminants. Pro-
tein is supplied to the body in cows mainly due to the biomass of microor-
ganisms involved in the breakdown of fibre. Observations show that cows
experiencing a fibre deficiency make up for it on their own by eating straw
used for bedding.

Concentrate feeding should be optimized and rational. The energy
content of the diet can be increased by using carbohydrate feeds, such
as molasses, dry beet pulp, molasses, and milled cereals. There are reports
of the high efficiency of including propylene glycol or preparations based
on it in the diets of highly productive cows. Feed conversion can also
be increased by feeding ergotropics from the group of intestinal stabi-
lizers, which include probiotics. In this regard, the most technologically
advanced is the introduction of organic acids (lactic, succinic, propionic)
into feed mixtures together with molasses [15; 21].

Conclusions. According to the results of the research, it was found
that Fusobacterium necrophorum was most often manifested in dairy
cows of the second lactation by purulent-necrotic lesions of the limbs.
The pathogen was always isolated in association with opportunistic path-
ogens. Fusobacterium necrophorum was poorly identified on the basis Ry F =
of morphological and biochemical properties, but the biological test on
rabbits gave a consistently positive result.

Fig. 4. Biological sample for
necrobacteriosis
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NOIIUPEHHS HEKPOBAKTEPIO3Y BEJIMKOI POTATOI XYIOBH
B XMEJIBHUIIBKOMY PEI'TOHI

Anomauis

Hexpobaxmepios eenuxoi pocamoi xy0obu — 3axeopioganus, fAKe 3yMOGNIOE ICMOMHI eKOHOMIYHi 30UMKU 6 MONOYHOMY
ckomapcmei. Bemanoeneno, wo nowupents 0anozo 3axeopioéanis 6i00yeacmuca came y 8eIUKUX 20Cn00apcmeax, 0e Ympumylomscs
BUCOKONPOOYKMUBHT MEAPUHU.

Y pobomi posensnymo posnoscioodcenns @gysobaxmepiti y eocnooapcmeax XmenvHuybkoi obracmi ma ocodnusocmi
n1abopamopHoi diacnocmukuy 30yOnuKa. [{ns 6axmepionociyno2o 00CaioxHcen s 8i00upanu npu xcummi iono2iunuii mamepian—3icKpioxu
3 MICYb YPAdICEHHS HA Medici 300p060i ma HeKpOmu308anoi mrkanun. 10enmugbixayilo Kynenyp npoeoouu Ha niocmasi MOpGonoiuHuX,
TMIHKMOPIANbHUX, KYIIMYPATbHUX | OI0N02IUHUX 61ACMUBOCHEl, OYIHEHUX 3a 3A2aTbHONPULTHAMUMU OAKMEPIONO02IUHUMU METMOOUKAMU,
a Makodic KOpUCMyIo4Uch susHaunukom bepoarci.

Hexpobaxmepios y 2ocnodapcmeax KiiHiuHO NPOAGNASCA NEPeaAX*CHO Y OIlIHUX KOPIB, Y Measim cCnoCmepieaniucs noOOUHOKI
sunaoku. Bcmanosneno, wo Haubinbuiuti 6i0comox X80pux Kopis 6i0 ycboeo OitiHo2o cmada cnocmepieascs Ha Opyeill 1akmayii.
Hexpobaxmepios oucmanvHux 6i00inie KiHYiBOK, AK NPAUNO, YCKIAOHI08ABCA SHIUHO-2HUNbHONW MiKpogroporw. Fusobacterium
necrophorum 6uoiA6cs 3a82c0U 8 acoyiayisax 3 iHwumMu baKxmepisamu — KIOCMPUOISMU, eULePUXISIMUY, 3010MUCUM CMApiioKoKoM
ma iHWUMU YMOGHO NAMO2eHHUMU Mikpoopeanizmamu. Fusobacterium necrophorum noeano ioenmugikysagcs na 0cHO8I
Mopgonozo-6ioximiunux eracmusocmetl, npome 0ionociyHa npoba Ha KpinAX 0asana NOCMIUHO NO3UMUSHUL pe3yrvmam. 3a
HAaA8HOCMI 8 NAMOoN02IuHOMY Mamepiani abo 6 docnioxcysaniu Kynemypi F. necrophorum y kpina na micyi 3apascenns yepe3 3—4
OHI pO36UBABCS HEKPO3.

Knruogi cnosa: nexpobaxmepios, Fusobacterium necrophorum, mixpobioyenos, 6ionpoba.

Bibliography

1. Locomotion characteristics of dairy cows walking on pasture and the effect of artificial flooring systems on locomotion
comfort / M. Alsaaod, S. Huber, G. Beer, P. Kohler, G. Schiipbach-Regula, A. Steiner. Journal of Dairy Science. 2017. Vol. 100 (10).
P. 8330-8337. URL.: https://doi.org/10.3168/jds.2017-12760.

2. Association between lameness and indicators of dairy cow welfare based on locomotion scoring, body and hock condition,
leg hygiene and lying behavior / B.M. Sadiq, S.Z. Ramanoon, W.M. Shaik Mossadeq, R. Mansor, S.S. Syed-Hussain. Animals: an
open access journal from MDPI. 2017. Vol. 7 (11). P. 79. URL: https://doi.org/ 10.3390/ani7110079.

3. Lameness and foot lesions in Swiss dairy cows: I. Prevalence / J. Becker, A. Steiner, S. Kohler et al. Schweizer
Archiv fiir Tierheilkunde. 2014. P. 71-78. doi: 10.1024/0036-7281/a000553.

4. Taxonomic outline of the procaryotes, release 1.0 / G.M. Garrity, M. Winters, A.W. Kuo, D.B. Searles. Bergey's
manual of systematic bacteriology (Second ed.). New York : Springer-Verlag, 2001.

5. Golovko N., Ushkalov V.A., Skrypnyk V.G. Microbiological and virological methods of research in veterinary
medicine: A reference manual. Kharkiv : NTMT, 2007. 512 p.

6. Hassall S.A., Ward W.R., Murray R.D. Effects of lameness on the behaviour of cows during the summer. The Vet-
erinary Record. 1993. Vol. 132. P. 578-580. doi: 10. 1136/vr.132.23.578.



124 Bunyck 3 (40) 2023 Issue 3 (40) 2023
Bemepunapni nayxu Veterynary sciences

7. Nagaraja T.G., Lechtenberg K.F. Liver Abscesses in Feedlot Cattle. Veterinary Clinics of North America: Food
Animal Practice. 2007. Vol. 23. P. 351-369. doi:10. 1016/j.cvfa.2007.05.002.

8. Subjective and objective assessment of pain and discomfort due to lameness in dairy cattle / K. O’Callaghan, P. Cripps,
D. Downham, R. Murray. Animal Welfare. 2003. Vol. 12 (4). P. 605-610. doi:10.1017/S0962728600026257.

9. Lameness prevalence and risk factors in organic and non-organic dairy herds in the United Kingdom / K.M. Ruther-
ford, F.M. Langford, M.C. Jack, L. Sherwood, A.B. Lawrence, M.J. Haskell. Veterinary journal (London, England: 1997). 2009.
Vol. 180 (1). P. 95-105. URL: https://doi.org/10.1016/j.tvj1.2008.03.015.

10. Fusobacterium necrophorum: A ruminal bacterium that invades liver to cause abscesses in cattle / S. Tadepalli,
S.K. Narayanan, G.C. Stewart, M.M. Chengappa, T.G. Nagaraja. Anaerobe. 2009. Vol. 15. P. 36-43. doi: 10.1016/j.anaerobe.2008.
05.005.

11. Tan Z.L., Nagaraya T.G., Chengappa M.M. Selective enumeration of Fusobacterium necrophorum from the bovine
rumen. Applied and environmental microbiology. 1994. Vol. 60 (4). P. 1387-1389. doi: 10.1128/aem.60.4.1387-1389.1994.

12. BaxrepionoriyHuii MOHITOPHHI 3aXBOPIOBaHHS HAa HEKPOOAKTepio3 TBapHH Ta 3acobu crenndiuHol mpodinakTuku /
B.O. Anpnpisimyk, O.1. T'opbariok, T.O. T'apkaBenko, I.®. Pmxenko, C.M. Tiotion, T.M. YxoBceka, O.M. XKoguip, C.10. Kpunenko.
Bemepunapna 6iomexnonoeis. 2018. Ne 32 (2). C. 27-36.

13. IMowmupeHHs 3aXBOPIOBaHb B AUISHIII MaJIbLs Y BACOKOIPOAYKTHBHUX KOPIB 3aJI€)KHO BiJl PiBHS MOJIOYHOT IPOTYKTHBHOCTI /
B.M. Bnacenxo, M. Py6nenxo, M.B. InpHiupkuii B. Kosziit. Bicnuk binoyepkiscvroeo ynisepcumemy. 2003. Bum. 25. Y. 1. C. 45-51.

14. Topo6ariok O.I., XKosuip O.M., Aunnpismyk B.O. Erionarorenernuni oco6nuBocTi (opmyBaHHS MiKpoOioleHO3y 3a
HEeKpoOakTepiody TBapuH. Bemepunapna meduyuna. 2013. Bun. 97. C. 173-175.

15. M.B. Jemuyk, I1.B. Kunmyk, I1.K. Boiiko, B.M. Tkauyk OcoOnuBOCTi Npo(dinakTHKH HEKpOOAaKTepio3dy y KOpiB.
Hayxoeuii gicnuk JTb6i6cbK020 HAYIONATLHO20 YHIGEpCUmenty eemepunapHoi meduyuny ma 6iomexnonoziii im. C.3. Icuybrozo. 2010.
Bum. 21 (44). C. 74-81.

16. €dpimenko M.41., ITonoba b.€., bparyuika P.B. HekoHTposiboBaHa «TOJLITHHI3ALIL» YKpaTHCKOT YOpHO-Ps001 MOJIOYHOT
HOpOAHU: OuiKyBaHHs Ta peanil. [Iponoszuyis. 2014. Bum. 9. C. 186-189.

17. MoHiTOpHHT HeKpOOaKTePi03y, OCHOBHUIA BUIOBHII ClIEKTp MIKpOOHHMX acoliaiii 3a yyacti F. necrophorum ta cieundiyti
3aco6u npodinakruku / O.M. XKosHip, O.1. [opbatiok, B.O. Aunpisiyx Ta iH. Bemepunapna 6iomexnonoeisn. 2015. Ne 27. C. 112-121.

18. Kymuk M.®., Kpasuis PJA., O6epriox [0.B. Kopmu: omiHKa, BHKOPHCTAHHS, HPOAYKIis TBAPHHHHITBA, EKONOTI.
Binnuug : ITIT «Te3uc», 2003. C. 52-74.

19. Mapuenko O.M., [lementbea C.A., Prwxenko B.I1. Acomianii Fusobacterium necrophorum 3 iHIIUMHA MiKpOOPTraHiZMaMu
Hpy HEeKpoOakTepiosi y CiIbChbKOTOCIOAAPChKUX TBApUH. Bicnuk binoyepkiscokozco depocasnozo azpaprozo yuieepcumemy. 2002.
Bum. 21. C. 139-144.

20. OCHOBHI NMPUYMHU BUHMKHEHHsS HEKPOOAKTEpio3dy Ta 3aXHCT BiJl HOTO BEJIHKOI poraroi Xyno0u B yMOBaxX CbOTOACHHS /
B.I1. Puxenxo, I.®. Pmwxenko, O.1. Topbariok, B.O. Anxpismyk, C.M. benik, O.M. XosHip. Bemepunapna 6iomexnonozis. 2009.
Ne 14. C. 257-277.

21. HayxoBuii cynpoBix npodijakTHYHUX Ta 03TO0POBUMX 3aXOAiB mpu ¢y3obaxrepiosi (Hexpobakrtepiosi) / B.IL. Pmxenxo,
I.®. Pwxenko, O.1. Topbatiok Ta iH. Bemepunapna meduyuna. 2011. Bum. 95. C. 261-263.

22. Craseupka P. Tomurunizamis: xomu 3ymuHutucs / The Ukrainian Farmer. URL: http://www.pressreader.com/ukraine/
the-ukrainianfarmer/20151209/283003988740772.

23. VYmpko JLI. EdexTuBHicTh NiKyBalbHO-IPO(QIIAKTUYHUX 3aXOXiB 32 acoLiifoBaHMX OakKTepio3iB KiHLIBOK Yy BEIHMKOI
poraroi xynoou. Bemepunapna meduyuna. 2013. Bum. 97. C. 257-259.

24. TloummpeHicTh Ta IPUYMHE BUHUKHEHHSI XBOpoO KonuTelp y KopiB / H.M. Xomun, A.P. Mucak, LI. Imiuskwuii, B.B. Ipinak.
Hayxoeuii gicnux JTb6i6cbk020 HAYIONATLHO20 YHIGEpCUmMenty eemepunapHoi meduyuny ma 6iomexnonoziii im. C.3. Icuybrozo. 2017.
T. 1 (77). C. 22-26.



