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CONCEPT OF MICROBIOLOGICAL GRAPH
OF FEED AND FOOD PRODUCTION

‘Abstract

Compound feeds are favorable environments for microorganisms, namely bacteria and fungi. Both groups contain non-
pathogenic, opportunistic and pathogenic members. Bacteria can cause infections, and fungi can cause mycotoxicoses, so controlling
microbial contamination of feed is of great importance. Sources of microbial contamination of compound feed include both raw ma-
terials and the production environment: air, surfaces, equipment, and the hands and clothing of employees. As raw materials and
pre-products move through production lines, they undergo certain processes that can either reduce or increase microbial contamina-
tion. The reducing processes include grain dehulling and high-temperature processing (moisture and heat treatment, conditioning,
extrusion, expansion, drying of minerals, granulation), while the increasing processes include making preliminary mixtures, grind-
ing, dosing and mixing, and the production of grits. In dosing and mixing, the contribution of each component is determined by its
dose and has a two-way effect: the component contributes its microbiota, but its mass dilutes the mixture. The sequence of these pro-
cesses represents a certain dynamics of microbial burden, which will result in the contamination level of the finished product lower
or higher than in the initial raw material. This sequence can be represented as a microbiological graph, the vertices of which are the
positive or negative contributions of the processes to the microbiological burden of the material. And the system of such vertices can
be represented as a simple mathematical equation. Creating microbiological graphs for individual production lines or for the manu-
facture as a whole can help to understand the microbiological dynamics in a material or product and apply appropriate corrective
measures to prevent microbiological hazards in the final product. This paper proposes a method of making a microbiological graph
with two types of vertex designations for the IV generation compound feed production, as well as a mathematical apparatus for cal-
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culating the vertices of the graph.
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equation.

Introduction. Formulation of the problem

Animal feeds are well known to be a favorable
medium for the development of various microorganisms,
both bacteria and fungi, which include spoilage micro-
biota, opportunistic and pathogenic microbiota [1, 2].
Pathogenic and opportunistically pathogenic bacteria can
cause infectious diseases, and fungi can cause mycotoxi-
coses. Feed microbiota can affect egg contamination in
birds and is of great importance for aquaculture [3, 4].
Therefore, controlling the level of microbiological con-
tamination (sanitary condition) of feed raw materials,
intermediate products and finished feed is an important
factor in the production of safe and high-quality feed.

To understand the changes in microbiological
contamination of material as it moves through production
lines, it is necessary to have an idea of the levels of con-
tamination at different points or sections of the lines be-
fore and after certain technological processes.

The objective of this work was to develop a the-
oretical basis for modeling the microbiological “profiles”
of modern feed production.

Purpose and tasks of the work

The aim of the study was to propose a mathe-
matical framework for modeling the dynamics of micro-
biological contamination of raw materials and products at
feed mills.

To achieve this goal, the following tasks were
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set:

1) to highlight possible points (sites) of positive
or negative changes in the levels of contamination of
feed raw materials and products on production lines;

2) to develop a mathematical apparatus for cal-
culating microbial contamination that would allow pre-
dicting such contamination and preventing its excess.

Literature review

1. Ways of feed contamination. Changes in
the microbiota during production

Feed raw materials have their own initial micro-
biota, which consists of various microorganisms and de-
pends on the material’s composition [5, 6]. Once in pro-
duction, raw materials and intermediate products undergo
various technological processes that can either increase
or decrease the microbiological contamination of the
material. Decreasing processes include all types of high-
temperature treatments (moisture-heat treatment, condi-
tioning, extrusion, expansion, granulation, drying, etc.)
and grain dehulling. Increasing processes include dosing
and mixing, grinding, and making grits. Recontamination
can also come from the surfaces of equipment and the air
of production facilities, the clothes and hands of workers,
and containers when finished products are packaged.

These fluctuations in the microbial “load” will
be similar for different feeds within the same production

http://grain-feed.ontu.edu.ua
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R — raw material, C — communications (gravity flows, feeders), T — technological process
and its equipment, E — production environment, P — finished product
Fig. 1. Sources of recontamination in feed production based on the diagram from [7]

technology. Their general course can be described ac-
cording to the scheme proposed for food products by the
authors [7]. A modified version for compound feeds is
shown in Fig. 1.

The diagram shows that the sources of recon-
tamination can be both equipment (machines and trans-
portation lines, such as gravity pipes) and the air in the
workshop. At certain stages, the clothing and hands of
workers may be added to this diagram. However, the
greatest impact is exerted by shop equipment and the
processes that take place in it.

Materials and methods

To achieve the stated goals, analytical methods
of data processing, mathematical and statistical methods
of data processing were used in the work: construction of
equations and graph theory [8].

Results and discussion

1. Mathematical apparatus for the dynamics
of microbiological contamination

The same work [7] proposes a general formula
for estimating the number of microorganisms of a certain
pathogenic species in food. This formula can be modified
to reflect the level of total bacterial contamination:

Ng = Ny — Ny + Np, (1)

where N is the level of microbial contamina-

tion of the final finished product or compound feed, CFU
per unit weight or volume,

No is the initial level of contamination before
processing, CFU per unit weight or volume,

Nr is the number of microorganisms killed by a
treatment or process (heat, chemical etc.), CFU per unit
weight or volume,

Nr is the number of microorganisms introduced
during recontamination or produced by multiplication in
favorable conditions, CFU per unit weight or volume.

The Nr indicator must not exceed a certain level
established as a criterion for the safety or quality of the
product or feed (N¢):

Ny < N, )

Since there are usually many treatments and

recontaminations on a production line, the Nt and Ngr
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indicators can be expanded as a sequence of components,
and the formula will take the following form:

NF = NU _NTl _NTZ_"'_NTE- + NR]. + N32+-..+NR.; (3)

The dosing and mixing process differs from oth-
ers in that it combines different components in different
quantities, which determines the microbiological contam-
ination of the mixture. Using either the weight or volume
dosing, the formula for the microbiological load of the
mixture will be as follows:

_ DgNg+DyNy+DeN+--+D;N;

N. . =
mLx D, +Dp+Do+--+D; - @
2 D;iN;
N . == (5)
nix E D:f

where Npmix is the microbiological burden of the
mixture,

D; is the dose of each component measured by
the doser,

Ni is the level of contamination of the prepared
component of the mixture.

The units of measurement of the level of micro-
biological burden should always correspond to the meas-
urement of doses, for example, if doses are measured in
kilograms, then the number of microorganisms is taken
per 1 kg (CFU/Kg).

When liquid components are added by mi-
crospraying or microencapsulation, the microbiota that
comes with the liquid component will be located on the
surface, although it can later pass into the feed particles.
In the case of vacuum application, this microbiota will
immediately enter the particles. In both cases, the final
contamination of the pellets will correspond to formulas
(4) and (5), which take into account the ratio of the quan-
tities of feed and the added liquid component or mixture
of such components.

2. Microbiological graph

Each treatment (-Nt) and each recontamination
(+Nri) contributes at certain stages corresponding to cer-
tain technological processes that raw materials and in-
termediate and final products undergo. Accordingly, us-
ing the mathematical theory of graphs and the concept of
material flow graphs, it is possible to build a microbio-
logical graph of a particular manufacture (Fig. 2). In the
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Fig. 2. General diagram of the microbiological graph of feed production

figure, the No labels with indices a...h correspond to the
initial microbiota of different types of raw materials, and
the Nt (treatments) and Nr (recontaminations) are hum-
bered sequentially.

The N4 designation corresponds to a pre-
mixture of components for joint grinding and/or a mix-
ture of microcomponents after microdosing. It is as-
sumed that during mixing, more contaminated compo-
nents will be diluted with less contaminated ones, which
will reduce the overall contamination of the mixture.
Colors indicate the level of contamination relative to Nc:

- if Ni> Nc -thecolorisred,

- ifNj<Nc -the color is green,

- ifNj=Nc - the color is gray,

- small deviations are pale green and pink, respe
tively.

The creation of microbiological graphs is as-
sumed to be useful for:

— determination of the nature of changes in mi-
crobiological contamination of the material from raw
materials to the final product;

— detection of the points of most likely or most
severe contamination on production lines and their con-
trol or elimination;
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— implementation of the HACCP system based
on the identified critical control points;

— development of a systematic integrated control
of production and product quality.

A potential disadvantage of the proposed meth-
od is the labor intensity and corresponding time con-
sumption for microbiological examination of a sufficient-
ly large number of samples. However, it is sufficient to
conduct such a comprehensive study once, and then ex-
amine only critical points as needed.

Conclusions

A system of mathematical modeling of changes
in microbiological contamination of materials on a pro-
duction line as they move and are processed is proposed.
The system consists of mathematical calculations of the
dynamics of contamination and the development of a
microbiological graph of the manufacture. The approach
consisting of mathematical calculations and the construc-
tion of a microbiological graph is useful for improving
the state of production and the quality and safety of the
final product.
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KOHIOENNIA MIKPOBIOJOI'TYHOT'O I'PAD®A
KOMBIKOPMOBHUX TA XAPHOBUX BUPOBHHUIITB

Anomauin

Kombixopmu € cnpusimausum cepedosuujem 0J1s1 MIKDOOP2AHI3MIS, 00 AKUX 6x00smb bakmepii ma epubu. Obu-
081 epynu Micmame HeNamo2eHHUX, YMOGHO NAMOSEHHUX Mda NAMO2EHHUX npedcmasnuxie. bakxmepii 30ammui euxiuxamu
ingexyitini 3ax60p106anHs, a spubu — MIKOMOKCUKO3U, TOMY KOHMPOIb MIKpOOHOI 3a0pyoHeHocmi KOMOIKopMie mac
senuke 3HaueHHs. [ocepenamu 3a0pyOHeHHs KOMOIKOPMIE MIKPOOP2AHI3MAMU € AK CUPOSUHA, MAK i 8upoOHUYE OmOo-
YeHHs: NOBIMpsl, NOBEPXHI, 00IAOHAHH MaA PyKU Ut 0052 npayienuxis. 11i0 uac pyxy eupoOHUYUMUY TIHIAMU CUPOBUHA MA
nonepeowi nPOOYKmMu NPoxo0sims NeeHi npoyecu, SKIi MOJICYMb AK 3HUUMU, MAK [ nidgucumu mikpobionoziune 3a0pyo-
HenHs. [lo 00pobOK, wo 3HUICYIOMb 3AOPYOHEHHs, HANeHCAMb OYUULeHHS 3epHA MA BUCOKOMeMNepamypHi 06pooKu
Cupo8uHU (801020MeNn108a 00POOKA, KOHOUYIOHYBAHHS, eKCMPYOYBAHHS, eKCNAOYBAHHS, CYUIIHHI MIHEPALbHOI CUposu-
HU, 2PAHYII08AHHS), 00 NIOBUWYIOYUX 3AOPYOHEHHS — BUCOMOBTIEHHS NONEPeOHix cymiuiell, noOpiOHeHHs, 003Y8aHHs-
3MIULYBAHHA, 8USOMOGIEHHS KPYNKU. ¥ npoyeci 003y8aAHHA-3MIULYBAHHS 6HECOK KOJCHO20 KOMHOHEHMA 8I0N08I0dE 11020
0030 ma Mae nooGitiny 0it0: KOMNOHEHM HOCUMb CEOI0 MIKpobiomy, ane tioco maca posdasnsac macy cymiuii. Ilocnioos-
HIiCMb YUx npoyecie gionosioac neswii OuHaMiyi MiKpoOHO20 3a0PYOHEHHs, AKA 3aKIHYUMbCS PiBHeM 3a0pYOHEHHA 20-
mo06020 NPOOYKMY Hudicue abo suwye 8i0 NOYAMKO8020 pieHs Y cuposuni. L{io nocridosnicmes modcna 8ioodpazumu y
8uU2A0i MIKPOOION02IUH020 2pagda, epuiuHamu K020 € 000amui abo 8i0 €MHI 8HeCKU npoyecia y Mikpobionociune 3a-
b6pyouenHs mamepiany. Bionogiono, cucmemy maxux epuiun MONCHA NPeOCMAasumu y 8ueisoi npocmoz0 mMamemamuy-
Ho2o pigusants. CKIa0anHs MIKpOOIoNociuHuX epaqhie 0 OKpeMux UpOOHUYUX TiHil ab0 015 BUPOOHUYMEA 8 YIIOMY
MOodice OONOMO2MU 3pO3YMIMuU MIKPOOOLO2IUHY OUHAMIKY 8 Mamepiani abo NPOOYKMI ma 3aCmoCy8amiu HAJeHCHI 3aX0-
ou wo0oo ii Kopueysanus, abu He 0Onyckamu MIKpoOionociuHoi nebesneku KiHyeso2o npodykmy. B dawuiit pobomi npo-
NOHYEMbCSL CROCIO 6)Y0Y8aHHA MIKPOOIONI02IUHO20 2pagdy 3 080MaA GUOAMU NO3HAUEHb BEPUIUH OJisl KOMOIKOPMOBO2O 6lU-
pobruymea IV nokoainus ma mamemamudnull anapam po3paxyHKie eepuiut epaga.

Kniouosi cnosa: mikpoodionoziune 3a06pyonenns, mikpoodionoziunuii zpag, ounamica mikpoodiomu, mame-
MamuyHull po3pPaxXyHoK, pi6HAHHA.
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