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The article presents research results on microbiological
criteria of animal and poultry feed conducted under the require-
ments of the State Monitoring of Animal and Poultry Feed in ac-
cordance with the Order of the State Service of Ukraine on Food
Safety and Consumer Protection for routine studies of feed sam-
ples and for in-depth studies to detect the entire species composi-
tion of microorganisms in feed samples coming from feed produc-
tion enterprises in Ukraine. Isolation and identification of isolates
were carried out according to current documentation. Feed is one
of the main components of the food chain within the “One Health”
concept to which Ukraine is committed. In-depth microbiological
studies isolated from animal and poultry feed samples isolates
of Escherichia coli, Staphylococcus aureus, Staphylococcus epi-
dermidis, Listeria monocytogenes, and Listeria innocua, confirm-
ing high levels of contamination by pathogens indicating potential
risks of their spread and danger due to possible antimicrobial re-
sistance (AMR) and potential transmission of acquired resistance
to the normal microbiota of animals and humans through feed
consumption. Furthermore, animal and poultry feed are not
included in the list of objects of the National Strategy of Ukraine
for Containing the Development of Antimicrobial Resistance.

Key words: animal and poultry feed, premixes, mixed fodder,
bran, meal, fish meal, animal-origin meal, Escherichia coli,
Staphylococcus aureus, Staphylococcus epidermidis, Listeria
monocytogenes, Listeria innocua

Introduction

The intensification of livestock production involves the
introduction of biologically complete regulated feeding,
which ensures a high level of growth, development, and
productivity of animals and prevents diseases associated
with metabolic disorders and poor feed quality. Additional-
ly, the contamination of animal feed with conditionally
pathogenic and pathogenic microorganisms, including
zoonotic ones, which can cause bacterial diseases in
animals and poultry, presents a significant problem [4].
The greater danger lies in the detection of antibiotic-
resistant pathogens, especially those with acquired resis-
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tance. Animal feed is a component of the food chain, thus
directly relating to the “One Health” and “Global Health
Security” strategies developed by leading global organi-
zations such as the Food and Agriculture Organization of
the United Nations (FAO), World Organization for Animal
Health (WOAH, founded as OIE), and World Health Or-
ganization (WHO). The main priorities of these strategies
are to preserve human and animal health and ensure
the production of quality and safe products.

Ukraine is also involved in these strategies and con-
ducts monitoring of raw materials and products throughout
the agricultural sector, including the quality and safety of
agricultural products. Specifically, within these monitoring
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studies, information is collected, analyzed, and system-
atized regarding the contamination of animal and poultry
feed with biotic contaminants — bacterial pathogens,
including zoonotic ones [2, 11, 19].

However, the feed monitoring system in Ukraine
does not cover all risks from feed production, identify
critical points in technological processes, nor develop
a prediction system for possible bacterial contamina-
tion of certain components of animal and plant origin
and raw materials from other industries used for feed
production. This situation is dangerous as feeding con-
taminated feed can pose risks of infectious diseases
among animals or poultry and have epidemiological
consequences. Itis known that in EU countries, the
USA, Japan, and other highly developed countries,
the number of bacterial diseases associated with the
food chain, where animal and poultry feed is a major
component, is increasing [17, 18, 21]. Therefore, food
safety is a high-priority issue in all countries, including
Ukraine [8, 12, 19, 20].

Moreover, the most urgent problem of our time is
the antibiotic resistance of pathogenic microorganisms.
particularly those isolated during microbiological control
of cattle, pig, and poultry feed materials, dry feed, and
canned feed, as there remains a risk of transmission of
such resistance to other animals, poultry, and humans.
Although Ukraine has implemented a National Action
Plan to combat antimicrobial resistance in line with the
World Health Organization’s (WHO) Global Strategy
to Contain Antimicrobial Resistance, the plan does not
cover Ukrainian feed production facilities.

Therefore, it was of interest to establish the entire
species spectrum of microorganisms in animal and poul-
try feed and further test their sensitivity to antimicrobials
and check for acquired resistance enzymes.

Materials and Methods

The research was conducted by scientists from the
Research Microbiology Department of the State Scien-
tific Research Institute for Laboratory Diagnostics and
Veterinary-Sanitary Examination (Kyiv) and the Institute
of Animal Biology NAAS (Lviv).

Microbiological monitoring studies were conducted
on samples of various types of animal and poultry feed
for non-compliance according to the Order of the State
Service of Ukraine on Food Safety and Consumer Pro-
tection no. 56 dated 21.01.2023 and Order no. 898 dated
27.12.2023 on the approval of the State Monitoring Plan
for Feed for 2023 and 2024, respectively.

The determination of microbiological criteria by rou-
tine methods for compliance with QMAFAnM, Coliform
bacteria, Staphylococcus aureus, Salmonella patho-
gens, Listeria monocytogenes, and sulfite-reducing
clostridia was carried out according to current regulatory
documentation, as well as on the demand of manufac-
turers according to their regulatory documentation.

The Animal Biology, 2024, vol. 26, no. 2

Additionally, in-depth own studies were conducted to
determine the complete species composition of bacterial
microorganisms that are feed contaminants. These in-
depth studies involved appropriate cultures from enrich-
ment media, previously inoculated with feed samples
and incubated at 37°C for 24 hours. Further inoculations
were made on various differential-diagnostic media for
the detection of Escherichia coli, bacteria of the genus
Staphylococcus, and Listeria [3, 5, 6, 13—15].

For the isolation and identification of E. coli isolates
from the accumulation medium, the cultures were made
on special media: Endo, XLD, Ramback, Simons, and
trisugar agar (TSA), media with phenol red and carbo-
hydrates glucose, lactose, sucrose, maltose, arabinose,
rhamnose, xylose, dulcite, indole was tested and in-
cubated in a thermostat at 37+£1.0°C for 24 hours.

Toisolate and identify isolates of Staphylococcus aureus
and Staphylococcus epidermidis from the accumulation
medium, the samples were streaked on milk-salt agar, egg
yolk salt agar, glucose-blood agar, and special Baird-Parker
medium to identify the specific growth pattern, plasma-
coagulation reaction with sterile rabbit blood plasma was
performed, the presence of enzymes for the fermentation
of carbohydrates lactose, glucose, mannitol, sucrose, malt-
0se, xylose, arabinose, mannitol was studied, and tests for
the detection of catalase and oxidase were performed.

For the isolation and identification of Listeria monoci-
togenes and Listeria innocua isolates from the accumula-
tion medium, half Fraser’s broth, full Fraser’s broth, L-mono
medium, selective PALCAM agar, and the CAMP test
were performed.

Results and Discussion

During the study period from 01.07.2023 to 01.04.2024,
382 samples of various types of feed were examined
for microbiological indicators, including premixes — 36;
compound feed and bran — 47; meal and cake — 127;
feed for non-productive animals — 66; fish meal — 9;
animal-origin meal — 9; other types of feed — 88.

Analysis of the research results for the detection of
E. coli isolated 21 isolates and identified them. When
inoculated on Endo medium, E. coli had a characteristic
growth in the form of red colonies with a metallic sheen
and reddening of the medium beneath them. On XLD
medium, Escherichia colonies were yellow with an opal-
escence zone around the colonies. On Rambak medium,
green colonies were grown. On Simons medium, the test
culture did not grow, and the medium did not change
color, which is typical for Escherichia.

The growth characteristics of E. coli on the slanted
column of triple sugar agar (TSA) were characterized by
a color change from red to yellow in the slanted part and
in the agar thickness due to the fermentation of sugars
to acid by Escherichia and the change in medium pH.
This indicated the characteristic biochemical properties
of the studied E. coli.
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The results of biochemical studies of Escherichia
isolates to detect enzymes for fermenting glucose, lac-
tose, sucrose, maltose, arabinose, rhamnose, xylose
confirmed their presence. The isolates did not ferment
dulcine. Biochemical properties confirmed the typical
characteristics of E. coli. The production of indole, formed
during the complete breakdown of proteins and manifest-
ed as reddening of the strip impregnated with Kovac’s
reagent, was confirmed in all E. coli isolates.

Thus, the analysis of microbiological research results
established that 21 cultures were identified as E. coli
because they possessed all the typical properties char-
acteristic of this pathogen.

The analysis of the research results for the detection
of staphylococcal infection pathogens isolated 38 iso-
lates and identified them. Inoculations from enrichment
media on milk-salt agar after cultivation in a thermostat
showed the growth of opaque round colonies with even
edges, convex, pigmented in yellowish, yellow, and white
colors, of small and medium sizes. On yolk-salt agar,
staphylococcal colonies grew light-colored, of medium
size, with a zone of cloudiness around the colonies with
an iridescent fringe, indicating lecithinase production.
On Baird-Parker medium, characteristic growth of staphy-
lococcus in the form of characteristic black colonies with
a metallic sheen and a clear opalescence zone around
them, typical for S. aureus, was observed.

Smears were made from individual characteristic
colonies on Bad Parker medium to check the purity of
the S. aureus isolate. The preparations were fixed and
stained using the Gram’s method. The microscopy of the
preparations showed homogeneous Gram-positive cocci
located separately, in pairs, in clusters and in packets,
which confirmed the purity of the test culture of S. aureus.
The results of the plasma coagulation test showed com-
plete coagulation of rabbit blood plasma in 16 experimen-
tal isolates of staphylococci isolated from samples of pre-
mixes, feed and bran and meal. Plasma coagulation was
observed after different time periods from 2 h 30 min to
6 h and confirmed one of the characteristic typical prop-
erties of S. aureus. The plasma coagulation test revealed
22 cultures that did not coagulate blood plasma. During
the study of biochemical properties of the experimental
isolates, 16 experimental isolates were found to have su-
crolytic enzymes for the fermentation of lactose, glucose,
mannitol, maltose, which confirm the enzymatic proper-
ties typical of S. aureus. In 22 isolates, fermentation of
mannose, maltose, sucrose and the absence of mannitol
fermentation, which are characteristic of S. epidermidis,
were detected. According to the results of catalase and
oxidase tests, 16 test isolates showed catalase produc-
tion and the absence of oxidase, which confirmed their
belonging to the pathogen S. aureus.

Taking into account the results of studies on the hae-
molytic properties of the experimental isolates, complete
haemolysis of sheep erythrocytes (3-haemolysis) with
a transparent zone around the colonies was detected,
which confirms one of the typical properties of S. aureus.
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Based on the analysis of the results of tests for the
detection of listeriosis pathogens, 8 isolates of L. mono-
citogenes and 4 isolates of L. innocua were identified.
The growth of Listeria in Fraser broth one and two
was characterised by darkening of the medium, which
confirmed the presence of the pathogen. On selective
PALCAM agar, the growth of small, dark colonies with
a sunken centre and blackening of the medium beneath
them was observed. On L-mono medium, Listeria bac-
teria grew in the form of greenish colonies, but a clear
zone of opalescence was formed around the L. monoci-
togenes colonies (fig. 2), while such a zone was ab-
sent around the L. innocua colonies.

The analysis of the CAMP test results showed the
presence of the pathogen L. monocitogenes by the
presence of a zone of hemolysis and a zone of expan-
sion and clearance of hemolysis around the S. aureus
streak with a narrow zone of hemolysis near the Rhodo-
coccus equi streak (fig. 3).

Based on the results of the CAMP test for the iden-
tification of L. innocua, the absence of haemolysis was
detected in relation to the S. aureus and Rh. equi streaks.

A comparative analysis of the data obtained after the
State Monitoring of Animal and Poultry Feed, as well as
the data of microbiological tests conducted by routine
methods and the results of in-depth studies of animal and
poultry feed, revealed that in the first and second cases,
the results of the studies do not provide a true picture of
the epizootic situation regarding the level of contamination
and species circulation of various types of microorgan-
isms at feed production enterprises in Ukraine. In-depth
studies have shown a rather problematic picture, since in
addition to conditionally pathogenic microorganisms, zoo-
notic pathogens E. coli, S. aureus, and L. monocitogenes
were identified (table).

Analysing the data obtained, it is evident that certain
genera and species of pathogens are detected in sam-
ples of animal and poultry feed and their number in
in-depth microbiological studies is higher than in other
data obtained.

The research results showed that monitoring and
routine studies do not detect or take into account a sig-
nificant number of different bacterial contaminants of
animal and poultry feed, which creates real risks of in-
fection of animals with opportunistic and pathogenic
microorganisms, including zoonotic ones. Our research
results are confirmed by scientific data from other re-
searchers [11, 12, 20].

Within the framework of the “One Health” concept, sci-
entists emphasise the need to create a strong feed base,
which includes a system and structure of feed produc-
tion and is one of the main conditions for the economic
modernisation of livestock production and ensuring food
security in Ukraine [7, 9, 10].

The health, productivity and reproductive capacity of
animals largely depend on the quality and suitability of feed
for feeding. To determine these characteristics, laboratory
and on-farm feed evaluation is mandatory [4, 16].
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Table. Results of research on animal and poultry feed samples according to microbiological criteria using different research approaches (n;=1; n,=3; n;=81; piece)

Total tested/

Microbz?;ggig?lpr;czﬂéc;%?;) liance iizgllzi:;s1 Premixes Grain cf:é)en;?g?:r? Meals, cake un'r:)?c.)ec?ufcotirve Cfgpgﬁ?mfg;d Fish meal of l\:;i?#al Otgﬁetgges
of positive meals animals origin
samples
Results of monitoring studies
Sulphite-producing clostridia 1 — = — — - - - - (catt|e1 feed)
Total: 1 — — — — = — — — 1
Results of routine studies
Salmonella spp. 2 — — — 2 — — — — —
Enterobacter spp. 1 — — — — 1 — — — —
Bacterial contamination 3 — — 1 — — — 1 — —
Total: 3 — — 1 2 — — 1 1 —
Results of our own in-depth research
Escherichia coli 21 2 6 7 6 — — — — —
Staphylococcus aureus 16 2 — 5 7 — — = — —
Staphylococcus epidermidis 22 2 2 9 8 — — — 2 1
Listeria monocitogenes 8 — — 3 4 — — — — —
Listeria innocua 4 — — 2 3 — — — — —
Total: 81 7 8 26 37 — — — 2 1

€32 1.0 JNAIRGIOH "N O 13U231D "A N E3enny
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Fig. 1. Growth characteristics of Staphylococcus aureus
on Baird-Parker medium. 1 — growth of S. aureus black colonies
with a zone of opalescence

Fig. 2. Typical growth of Listeria monocitogenes and Listeria innocua
colonies on L-mono medium. 1 — growth of greenish colonies
with a zone of opalescence for L. monocitogenes; 2 — growth

of L. innocua colonies of light colour and no opalescence zone

Fig. 3. Features of Listeria monocitogenes haemolysis manifestation
in the CAMP test. 1 — a zone of expansion and clearance of haemolysis
around the Staphylococcus aureus streak during the growth

of L. monocitogenes; 2 — a narrow zone of haemolysis around
the Rhodococcus equi streak during the growth of L. monocitogenes
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Even greater risks lie in the fact that microorganisms
isolated from animal and poultry feed are not currently
monitored for antibiotic-resistant pathogens and acquired
resistance to antimicrobials. As both animals and humans
are part of the food chain in the “One Health” concept, the
problem is exacerbated by the transmission of such ac-
quired resistance to the normal microbiota of the intestinal
tract of animals, poultry and humans.

It was found that among the 382 samples of premixes,
grain, feed and bran, meal and cake, animal flour and cat-
tle feed examined in depth, 81 samples were contaminat-
ed with opportunistic and pathogenic microorganisms that
were not identified during monitoring and routine studies.

It was established that in-depth studies of micro-
biological criteria in animal and poultry feeds revealed
a significant proportion of opportunistic pathogens and
zoonotic pathogens of bacterial origin, including 21 iso-
lates of E. coli, 16 isolates of S. aureus, 22 isolates of
S. epidermidis, 8 isolates of L. monocitogenes, 4 isolates
of L. innocua, which confirms the high level of contamina-
tion of animal and poultry feed with pathogens, indicates
potential risks of their spread and danger due to the pos-
sible presence of antimicrobial resistance and acquired
resistance mechanisms.

Prospects for further research are to test the
isolated pathogen strains for antibiotic susceptibility,
screening of enterobacteria and Staphylococcus spp.
strains to identify and confirm the production of acquired
enzymes, as animals, poultry and humans are integral
parts of the food chain.
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MopiBHANBbHUI aHani3 pPi3HUX NigXOAiIB 3 BU3HaYeHHS MiKkpobionoriuHux kputepiiB
y 3pa3Kax KOpMiB Ans TBapuH i NTyli

H. B. Kypsma™?, O. M. Yeuem', O. I. Fopbamiok’, O. B. lMiwaHcekull’, I. O. Mycieus’, J1. B. banan4yyk’, O. M. )XKosHip?
sviryaga@gmail.com

"NepxaBHWIN HAyKOBO-AOCNIAHWIA IHCTUTYT 3 NabopaTopHOi AiarHOCTMKM Ta BETepUHapHO-CaHiTapHOI ekcrnepTnau,
Byn. foHeupbka, 30, m. Kuig, 03151, YkpaiHa
2|ncTuTyT Gionorii TBapuH HAAH, Byn. Bacuns Ctyca, 38, M. JlbsiB, 79034, YkpaiHa

3lHcTuTyT BeTepuHapHoi meauumHn HAAH, Byn. [loHeupbka, 30, m. Knig, 03151, YkpaiHa

B cratTi npeactaeneHi pesynsrati gocnigkeHb MikpobionoriYHMX KpMTepiiB KOPMIB AN TBAPWH i NTULI, BUKOHAHWUX 3@ BUMOraMu
[lep>kaBHOro MOHITOPMHIY KOPMIB ANS TBAPWH i NTWL 3rigHO 3 Haka3oM [lepxaBHoi cry6m YkpaiHu 3 nuTaHb 6e3neyHocCTi Ta 3axuncTy
npaB CMoXMBayiB, 3a NPOBEAEHHS PYTUHHUX OOCHIMKEHb 3pa3kiB KOPMIB i 32 NMPOBEeAEHHS NOrMMBNEHNX AOCNiAKEHb Ha BUSIBNEHHS
BCbOrO BWMAOBOIO CKMNagy MiKpoopraHiaMiB y 3paskax KopMiB, siki HAAXOAATb i3 KOPMOBUPOGHMYMX NiANpUMEMCTB YKpaiHn. BuaineHHs
i ineHTndikaLis i3onsaTiB NpoBeEHO 3rigHO 3 YMHHOK AOKyMeHTaLieto. KopMuy € ogHieto i3 ronoBHUX CKNaAoBUX YacTUH Xap4yOBOro
naHutora y KoHuenuii «EanHe 300poB'si», 40 BUKOHAHHS sikoi AonydeHa YkpaiHa. 3a nornmbneHux mikpobionoriyHnx gocnigxkeHs
BMAINEHi 3i 3pa3kiB KOPMIB AN TBapwH i NTuui isonatn Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, Listeria
monocitogenes, Listeria innocua niaTBEpAXYOTb BUCOKMI PiBEHb iX KOHTaMiHaLil naToreHamu, BKa3yTb Ha NOTEHLianbHi pU3nku
LLOAO X PO3MOBCHDKEHHS, HA Hebe3neky Yepes NMOBIPHY HasIBHICTb Y HUX CTINKOCTi A0 aHTMBakTepiansHux npenapartis (ABI) Ta nvo-
BipHY MOXTMBICTb Nepefadi HabyToi pe3VCTeHTHOCTI HopMarbHil Mikpo6ioTi opraHiaMy TBapuH i NTULL Yepe3 CMOXUBAHHS TaknX KOPMIB
Ta NIOAVHI BHACNIAOK CMOXUBaHHSA CUPOBWHM i MPOAYKLIii TBapMHHMLTBA. [JO TOro > KopMu Ans TBApWH i NTULI HE BXOAATL [0 Nepeniky
06'ekTiB MOHITOPUHIY [lepxaBHoi cTpaTerii YkpaiHu LWoao CTpMMyBaHHsi PO3BUTKY CTIMKOCTi 4O NPOTUMIKPOBHMX npenaparis.
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