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SCREENING OF THE SANITARY CONDITION
OF COMPOUND FEED MILLS OF UKRAINE

Abstract

The microbiological contamination of finished animal feed largely depends on the sanitary condition of the production
facility. The microbiological landscape of production consists of two main factors: the contamination of raw materials of various
types and the sanitary condition of equipment and the production environment. The sanitary condition of the equipment directly de-
pends on the presence of material deposits or residues on or inside it, which become a medium for the development of microorgan-
isms. The final microbiological load can have a significant impact on the animal health, especially of the young. Therefore, the pur-
pose of this study was to investigate the sanitary condition of three feed mills in Ukraine: one of them in Odesa region, one in the
Kharkiv region, and the last one in Mykolaiv region. We collected samples of deposits and residues from production equipment and
the manufacturing environment. All samples were analyzed for two microbiological indicators: total microbial contamination and
molds and yeasts. Standard microbiological methods were used for this: first, the samples were suspended in sterile water, then di-
luted and pour-plated on Petri dishes on MPA (for bacteria) and wort agar (for molds and yeasts). In addition to counting colonies,
the presence of certain groups or species (where possible) of microorganisms was also noted, in particular, among fungi, the pres-
ence of known mycotoxin producers was noted. The results show that the microbiological burden of the equipment depends on its
arrangement and the degree of care: open outdoor receiving equipment was the most contaminated, and significantly increased con-
tamination was recorded in places where the deposits are moistened by atmospheric precipitation (outdoors) or water vapor (in-
doors). The results show that the proper arrangement of equipment and its proper maintenance is the most important component for
obtaining a good sanitary condition of feed production. Based on the results obtained, the mills were offered appropriate recommen-
dations to eliminate deficiencies and improve production.

Keywords: compound feed mill, sanitary condition, microbiological indicators, microbiological landscape.

Literature review mation of microbiological contamination of finished
Modern compound feeds contain a wide range feed.
of raw materials with varying moisture, protein, sugar, The research tasks included:
lipid, and other nutrient content. All these substances are — microbiological analysis of equipment at feed
a favorable medium for dozens of genera and hundreds mills in various regions of Ukraine;
of species of microorganisms, including spoilage micro- — identification of potential sources of the great-
biota, opportunistically pathogenic and pathogenic spe- est contamination of feed during the production process.
cies for animals [1, 2]. This microbiota is affected by Objects and subject of research
technological processes during production (high tempera- The object of the study was the deposits and res-
ture, moisture), but it is not completely destroyed, and idues of material and dust on the surfaces of equipment
finished compound feed is subject to secondary contami- and floors in feed mills.
nation from outside, similar to human food products [3]. The subject of the study was the general micro-
This microbiota can have a significant impact on the biological indicators of the samples.
health of young animals, which have not yet developed To achieve this goal, a microbiological study of
their own organism’s protective forces [4]. residues and deposits was conducted at three feed mills
One of the most important sources of secondary in different regions of Ukraine.
contamination of raw materials and finished products is
the manufacturing equipment and premises, the sanitary Materials and methods
condition of which plays a major role in the condition of Feed mill in Odesa Region.
finished products [5]. Microorganisms on equipment Produces compound feed for all groups of ani-
develop in deposits and residues of the material. There- mals.
fore, the question arises of researching the sanitary con- Sampling points:
dition of production as a factor in product quality and a - grate above the receiving unit hopper,
prerequisite for the implementation of modern production - aspiration deposit on the receiving unit,
practices with the HACCP system. - external scales for receiving grain, gravity flow at
Research goals and tasks the entrance to the scales,
The goal of the study was to determine the role - loading hole of the bunker with lysine,
of the production environment of feed mills in the for- - magnetic separator before grinding (hammermill),
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- the opening for feeding into the matrix of the pellet-
ing press,

- granulation line sifter, inner wall,

- aspiration deposits on the surface of the granulation
line sifter,

- external deposits on the pellet grinder.

Feed mill in Kharkiv Region.
Produces feeds for poultry, pigs and cattle, as

well as premixes.
Sampling points:

- receiving unit,

- hammermill,

- portioned grinding unit,

- floor of the 1% storey,

- floor of the 2" storey,

- premix mixer,

- bunker above the pelleting press,

- separator of the finished feed,

- dispensing unit for the finished product.

Feed mill in Mykolaiv Region.
Produces compound feed for livestock, pets, fish,
and shrimp.
Sampling points:
- cyclone separator on the 4 storey,
- scalper on the 4% storey for all raw materials,
- spillage under the extruder for “wet extrusion”,
- hammermill for grain raw materials,
- mixer for preliminary mixtures,
- bucket elevator at the extruder,
- hammermill on the 1% storey for non-grain raw ma-
terials,
- bucket elevator on the 3™ storey,
- raw material distribution pipe on the 3™ storey,
- fan at the air outlet of the hammermill.

In all cases, samples were collected with clean
spatulas into prepared containers, avoiding contamination
as much as possible. Microbiological tests were per-
formed as soon as possible after the samples were deliv-
ered to the laboratory.

Microbiological tests of all collected samples
was performed for two indicators: total number of bacte-
ria (total microbial count) and number of mold fungi and
yeasts in 1 g of sample.

Weights of 1 g of all samples were transferred
into vials with 99 ml of sterile tap water and shaken thor-
oughly to obtain an initial dilution of 1:100. Next, several
tenfold dilutions were made, taking into account the ex-
pected degree of microbial contamination: for presuma-
bly clean samples — up to 10%, for presumably dirty sam-
ples — up to 10° From the last dilution, 1 ml was pour-
plated on the nutrient media: for the determination of
bacteria — on meat peptone agar (MPA), for the determi-
nation of fungi — on malt agar or Sabouraud agar.

Bacterial cultures were incubated at +37°C for
24-48 hours, mold cultures were incubated at +30°C for
48-72 hours, checking for signs of growth until colonies
of microorganisms appeared.

After incubation, the number of colonies on the
plates was counted and the number of microorganisms in
1 g was calculated by multiplying by the dilution. The
morphology of the colonies was also studied, and micro-
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scopic examination of the isolated cultures with Gram
staining was performed to obtain a picture of the taxo-
nomic composition of the cultures. Among the fungi, the
presence of potential mycotoxin producers (at the genus
level) was noted.

Results and their discussion

Based on the results of microbiological studies
of the number of bacteria and fungi in deposits and resi-
dues at feed mills, tables were filled in and charts were
generated.

1. Feed mill in Odesa Region

The results of quantitative assessment of micro-
organisms are presented in Table 1 and Figure 1.

Table 1 — Microbial numbers in the samples
from Odesa Region feed mill

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

The figure shows that the largest number of mi-
croorganisms was found in samples taken from units
located outdoors outside the production premises (sam-
ples 5, 6, 7). This is explained by the accumulation of
soil dust containing numerous microorganisms and the
favorable effect of atmospheric precipitation (increased
moisture) on the development of microorganisms.

The smallest number of microorganisms was
found on the equipment of the granulation and granule
crushing lines (samples 1 and 9). This is explained by the
high temperature of the pelletizing process, destructive
for most microorganisms, after which a noticeably clean-
er product (pellets) goes on to further processing.

Another characteristic feature is the detection of
mold fungi in all samples from outdoor devices and only
in one of the indoor ones — in the magnetic separator
(sample 8), where material had accumulated atop of the
magnetic block. At the same time, this sample contains
the largest number of microorganisms among all samples

http://grain-feed.ontu.edu.ua

Microbial number,
Sample number CFU/g
bacteria fungi
1 - granulation line sifter, inner 20000 0
wall
2 - aspiration deposits on the
surface of the granulation line 35000 0
sifter
3 - the opening for feeding into
the matrix of the pellet press 95000 0
4 - loadz.ng hole of the bunker 160000 0 I:l
with lysine
5-— grate above the receiving 2250000 || 150000
device hopper
6— cz.sl?zratzon. deposit on the 500000 700000
receiving device
7 — external scales for receiving
grain, gravity flow at the en- 30000000 (2000000
trance to the scales
8 - mqgnetlc separa.tor before 200000 15000
grinding (hammermill)
9-— ex‘ternal deposits on the pel- 65000 0
let grinder
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Fig. 1. Microbiological contamination of deposits and residues at the feed mill in the Odesa Region

Fig. 2. Bacterial and fungal cultures recovered from the tested samples

from indoor devices. This is explained by the location of
this separator at the beginning of the production process
(initial grinding), when the raw material still contains a
large number of microorganisms.

When determining the main taxonomic compo-
sition of the isolated cultures, aerobic gram-positive
spore-forming forms (genus Bacillus) prevailed (70-
75%) among bacteria. Bacilli are found in large numbers
in grain mass and other plant raw materials, and in the
form of spores they withstand high-temperature pro-
cessing of grain raw materials and the granulation pro-
cess of finished feeds (Fig. 2).

However, a significant number of non-spore-
forming bacteria were also detected, both gram-positive
and gram-negative. Cocci predominated among gram-
positive non-spore-forming bacteria, and actinomycetes
were also detected among the cultures.

Among fungi (Fig. 2), about 80% of species
were from the soil mycobiota: genera Penicillium, As-
pergillus, Rhizopus, Mucor, Trichoderma, and others.
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Among Aspergillus species, potential mycotoxin produc-
ers were noted, in particular, 4. flavus and A. fumigatus.

Thus, the production equipment of the plant in
the Odesa region contains quite large amounts of micro-
organisms in deposits and residues, although not uni-
formly.

The sanitary condition of outdoor raw material
receiving facilities is unsatisfactory — the presence of
large numbers of bacteria and mycelial fungi poses a risk
of contamination of raw materials and the emergence of
mycotoxins and dangerous pathogenic species or strains
of microorganisms.

Similarly, the presence of mold fungi in the de-
posits in the magnetic separator is a rather negative fac-
tor: this indicates the possibility of fungi and mycotoxins
entering the ground components and feed mixture.

Mycotoxins are known to not be destroyed by
heating to high temperatures, so no thermal process used
in the production of compound feed (grain processing,
granulation) can destroy them to a safe level.
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2. Feed mill in Kharkiv Region

The results of quantitative assessment of micro-
organisms are presented in Table 2 and Fig. 3.

The figure shows that the largest number of mi-
croorganisms was found in three samples — on the storey
floors (samples 5 and 8) and in the bunker above the pel-
let mill (sample 1). The latter is explained by the fact that
water vapor from the pellet press enters this bunker dur-
ing the pelletizing operation, creating a moist and warm
environment inside the bunker that is very favorable for
the growth of microorganisms. At the same time, this
explains the detection of mold fungi in fairly large quan-
tities here, while they were absent in other samples,
which indicates a high level of equipment maintenance.

At the same time, no bacteria were detected in
the finished feed separator at all — its sterility is explained
by the fact that the feed arrives here after being treated at
high temperatures (granulation) along with effective
maintenance of the equipment.

The receiving unit at this mill (sample 4), unlike
the plant in the Odesa Region, is located indoors and

10000000 -

1000000 -

CFU/g

100000 -

10000

1000 -

100 -

43

Table 2 — Microbial numbers recovered from
samples from Kharkiv Region feed mill

Microbial number, CFU/g

Sample number - ]
bacteria fungi
1 - bunker above the pel- 2000000 2000000
leting press
2 — hammermill 100000 0
3 — dispensing unit for the
finished product 50000 0
4 — receiving unit 30000 0
5 — floor of the 2™ storey | 7000000 0
6 — separator of the fin- 0 0
ished feed
7 — portioned grinding
wnit (ZN#3060) 60000 0
8 — floor of the 1*' storey || 700000
9 — premix mixer 40000
m bacteria
® fungi

1+ T T T T T T T T 1
1 2 3 4 5 6 7 8 9

Samples

Fig. 3. Microbiological contamination of samples from the Kharkiv Region feed mill
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protected from atmospheric precipitation and is adequate-
ly maintained, so the deposits on it contain significantly
fewer microorganisms.

Determination of the main taxonomic composi-
tion of the isolated bacteria (Fig. 4) showed that this
composition is similar to that in samples from the Odesa
Region mill. Among the bacterial cultures, about 75%
were spore-forming gram-positive aerobic rods (genus
Bacillus) from grain and non-grain plant raw materials.
However, slime-producing gram-negative rods were also
found.

The fungi found in sample 1 belonged to the as-
comycetes genera Penicillium and Aspergillus.

3. Feed mill in Mykolaiv Region

The results of quantitative assessment of micro-
organisms are presented in Table 3 and Fig. 5.

The table and figure show that, in general, the
level of bacterial contamination was quite high (about 1
million CFU/g), which is explained by the nature of pro-
duction: the use of fish meal, meat-and-bone meal, and
blood meal. These components are very favorable sub-
strates for microorganisms due to their high content of
easily accessible nutrients (proteins, lipids, mineral ele-
ments) and moisture. At the same time, a lower level of
fungal contamination was observed, and in some samples
molds were not detected at all.

In three samples (Nos. 3, 7, and 10), the number
of microorganisms was significantly lower than in the
other samples, which can be explained by a number of
factors:

CFU/g 10000000

- the fan creates a dry environment that is unfavorable for
microorganisms,

Table 3 — Microbial numbers recovered from
the samples of Mykolaiv Region feed mill

Number (CFU/g)
Sl b bacteria fungi
1 — cyclone on the 4" storey || 1000000 10000
= h
2 — scalper on the 47 storey | 500000 || 20000
for all raw materials
3 — spillage under the ex-
truder for “wet extrusion” 3300 >0
4 — hammermill for grain 500000 0
raw materials
5 — mixer for preliminary 1200000 0
mixtures
6 — bucket elevator at the 1300000 0
extruder
7 — hammermill on the 1
storey for non-grain raw 4000 200
materials
Sr; bucket elevator on the 200000 0
3 storey
9 —raw mate;;lal distribution 2000000 40000
pipe on the 3" storey
10 —fan at thfa air outlet of 3000 2000
the hammermill

1000000 -
100000 -
10000 -
1000 -
100 +

10

1~ | .
1 2 3 4 5 6

m bacteria
= fungi
7 8 9 10  Samples

Fig. 5. Microbiological contamination of deposits and residues at the Mykolaiv Region feed mill
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Fig. 6. Bacterial and fungal cultures obtained from the samples of Mykolaiv Region feed mill

- the spillage under the extruder was the dry ex-
trudate (disinfected by high extrusion temperature),

- non-grain, non-animal raw materials are less
favorable for microorganisms.

The taxonomic composition assessment showed
that most bacteria belonged to the group of spore-
forming aerobic rods from the Bacillaceae or Paenibacil-
laceae families (Fig. 6). This is typical microbiota of
grain, dry grain products, and meal.

At the same time, there were also cocci and non-
spore-forming rods present.

Almost all of the isolated fungi belonged to the
zygomycetes of the order Mucorales (Fig. 6).

Comparison of plants.

Comparison of the results of studies of samples
taken at the same points at different plants reveals differ-
ences in some cases and similarities in others. Thus, as
mentioned above, the receiving units at mills in the Ode-
sa and Kharkiv regions have different structures, which
results in their different microbiological load. At the feed
mill in the Odessa region, the receiving unit located out-
doors is exposed to atmospheric precipitation, and the
deposits on it are mixed with soil dust, while at the mill
in the Kharkiv region, the receiving unit is indoors and
there are no such impacts. Accordingly, the microbiolog-
ical load of the receiving unit at the mill in the Kharkiv
region is hundreds of times lower than the corresponding
indicator at the mill in the Odesa region.

Another similar point is hammermills and grind-
ing units. At the mill in the Kharkiv region, the microbio-
logical load of samples from a separate hammermill
(sample 2) was 40% higher than that of the grinding unit
(sample 7), which can be explained by the different na-
ture and degree of processing of raw materials in these
machines. At the same time, a comparison with a pellet
grinder at the mill in the Odesa Region shows that depos-
its of deeply processed material (pelleted feed) are less
favorable for the development of microorganisms, but
require maintenance of the equipment. A similar picture
is shown by comparison with the mill in the Mykolaiv

Region, where a sample from the grain raw material
hammermill (sample 4) had a significantly higher micro-
biological load than the sample from the hammermill for
non-grain raw materials (sample 7). This is explained by
the nature of the raw materials and equipment mainte-
nance.

In addition, premix and preliminary mixture
mixers were common to both mills in the Kharkiv and
Mykolaiv regions. However, the microbiological load of
such sample was significantly lower (30 times) at the
mill in the Kharkiv Region than at the mill in the Myko-
laiv Region, which can be explained by the difference in
the composition of the preliminary mixtures: as men-
tioned above, the mill in the Mykolaiv Region produces
compound feed for fish and pets using a large amount of
animal raw materials (blood meal, meat and bone meal,
fish meal, etc.).

Conclusions

Thus, an analysis of the sanitary conditions of
three feed mills in Ukraine was conducted, and certain
patterns were identified when comparing the results. The
following was established:

— the use of outdoor receiving units poses a sig-
nificant risk of dangerous microorganisms, including
toxigenic molds that produce mycotoxins, entering feed
raw materials;

— the nature of raw materials significantly af-
fects the microbiological landscape of the feed mill: the
use of animal raw materials (fish meal, blood meal, meat
and bone meal) significantly increases microbiological
contamination of equipment due to its nutritiousness;

— proper installation of equipment is required:
moistening of finished dry loose or pelleted feed in bun-
kers or other containers with water vapor is unacceptable;

— systematic maintenance of plant equipment is
required.

Based on these results, it is recommended that
Ukrainian feed mills take appropriate measures to elimi-
nate the identified problems.
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JOCJIIKEHHSA CAHITAPHOI'O CTAHY
KOMBIKOPMOBHUX BUPOGHUIITB YKPAITHU

Anomauin

Mikpobionoziune obCimMeHIHHA 20MOBUX KOMOIKOPMI8 3HAYHOI MIDOIO 3ANeAHCUMb 8i0 CAHIMAPHO20 CMAHY
supobruymea. Mikpobionociunuil r1anuwagdm BUPOOHUYMBA CKIAOAEMBCSA 3 080X OCHOBHUX (hakmopig: 0OCIMeHiHHs
CUPOBUHU DI3HUX 8UOI6 MA CAHIMAPHUU CMAH 001A0HAKHA Ul 8UPOOHUY020 omoyenHs. Canimapuuli cman 001A0OHAHHS
6e3nocepeoHbo N08 A3aHUIL 3 HAAGHICIIO HA HbOMY abo 8cepeduni HbO2O GIOKIAdeHb abo GIOHOCIe mamepiany, wjo
cmaroms cepedosuiyem 01 po3GUMKY MikpoopeaHizmig. Kinyese mikpobionoziune HABAHMAICEHHS MOJICe NPOAGIAMU
icmomHull 6nUE HA 300P08 51 MEAPUH, nepul 3a 6ce — MONOOHAKA. Tomy memoro danoi pobomu Oy10 OOCHIONCEHHS Ca-
HIMApHO20 CMAaHy mpbox KOMOIKOpMOBUX 3a800i8 YKpainu: 00H020 3a800y 8 OdecbKill 0baacmi, 00H020 34600 6 Xap-
Ki6ChbKill 0baacmi ma 00Ho20 3a600y 6 Mukonaiscokiti obnacmi. Ha 3a600ax 8iobupanucs 3paszku 6i0KIA0eHb ma 6i0HO-
Cig 3 BUPOOHUYL020 0OAAOHANHA A omoyenHs. Bci 3pasku docniorcysanucs 3a 060Ma MiKpoOioN0iuHUMYU NOKAZHUKAMU
— 3aeanvbHe MiKpobHe 00CiMeHinHA ma niicenesi epubu i Opiscoici. J[ns 00CaioNceH s KOPUCYBATUCT CIMAHOADMHUMU
MIKpOOIONOSTUHUMY MemOoOamu.: poOUU CROYAMKY 3MUBU, NOMIM PO36edeHHs 3pasKie ma sucieanru Ha wawiku Ilempi
nio MIIA (baxmepii) ma cycro-azap (nuicenegi epubu i Opiscoici). OKpim niOpaxyHKy KONOHIU, MAKONMC GIO3HAUAIU
Has6HICMb NesHUX 2pyn abo 6udis (3a MONCIUBOCI) MIKDOOP2AHIZMIB, 30KpeMa, cepeo 2pubie — NPUCYMHICHIb 8i00MUX
npooyyenmie Mikomoxcunie. Ompumani pe3yiomamu NOKA3YIOMb, WO MIKpODOIONo2iuHe HABAHMANCEHHS 00NAOHAHHS
3anexcums 6i0 11020 0ONAUIMYBAHHS MA CMYNEHI0 0021A0Y: GIOKpUmMe 308HIWHE NPUUMATbHe 00IAOHAHHS 0VI0 HAl-
OinvbuL 3a0pYOHEeHUM, 3HAUHO NOCUTIeHe 3a0PYOHEHHs. PeECmPY8aNocs 8 MICYAX, 0e 8IOKIA0eHHS 360J10XCYIOMbC AMMO-
cheprumu onadamu (nio iokpumum Hebom) abo 600sHOW0 nNapoio (6 npumingennsx). Ompumani pe3yrbmamu noKazy-
10Mmb, WO NpaguibHe 00IAuWMY8aAHHA 0ONAOHAHHSA MA HANEHCHUU 0021580 3a HUM € HAUBAJICIUBIULON CKIA008010 0715
OMPUMAHHA 000P0O20 CAHIMAPHO20 CMAHY KOMOIKOPMOBO20 GUPOOHUYMEA. 34 OMPUMAHUMY PE3YIbMamamy 3a600am
3aNPONOHOBAHO BIONOGIOHT peKoMeHOayii Wooo yCyHeHHs He0O0iKi6 Ma NOKPAUeHHs CIAHy GUPOOHUYMEA.

Kiro4oBi cioBa: koM0ikopMoBe BUPOOHULITBO, CAHITAPHUI CTaH, MiKp006ioI0riYHi MOKa3HUKH, MIKpO-
Oiosoriunuii nanamadr.
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