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B odanuii wac ecmaroeneno, wo wmyuHi HeUpoOHHI
Mepesci (IITHM) 3abesneuytomv xpause Mo0ea08anms
ma npozno3 weoo KitbKoCmi MiKpoopeanizmie 6 cuposu-
Hu ma xapuoeux npooyxmax. Tomy ix moxncna euxopu-
cmamu 01 KOHmpoJio 0e3neuHoCmi Xap1oeux npooyxKmie
ma oyinku mixpooionoziunozo pusuxy. B yvomy eunaoxy
HIIHM moxncymv 6ymu eurxopucmani ax indopmamueni,
weuoxi ma exonomiuno epexmueni zacoou. Bionoesiono
do €sponeticokux 6umoz w000 0Oe3NeUHOCMi XaAPHOBUX
npooyKmie, 0CHOGHUMU MIKPOBIONOZIMHUMU NOKAZHUKA-
MU € 6CMAHO0BIIEHS 3A2ANbHOI KIAbKOCMI MIKPOOP2aHiZMie
i kinvrkocmi 6axmepiil poounu Enterobacteriaceae, max sax
80HU HaUMacmiwe NO6’A3aHi 3 XapP1oBUMU 3AXE0PI06AH-
Hamu ma ompyennamu. Memoro pobomu 6y0 po3poonen-
ML Memooy npozHo3yeanns Kinbkocmi 6axmepii poouiu
Enterobacteriaceae 6 cupomy monoui npu o020 30epizan-
Hi 0X0JI00XCEHUM Ma OUIHUMU NPOZHOCMUUHY CRPOMOINC-
nicmo IITHM. Po3pooka memody cxradanacs 3 4-x ema-
nie. Ha nepwomy emani nposoounu eusuenns xiavkocmi
enmepoobaxmepiii 6 3anexcnocmi 6i0 Qi3uKo-xiMiunozo
CKaady cupozo moao0Ka, memnepamypu i uacy 3oepisamn-
Ha 6 ymosax xoaoounvhuxa. Ha opyzomy emani ¢pop-
Myeanu 0asy excnepumMeHmaIbHUX O0AHUX, OMPUMAHUX
6 docaionux modensx. Ha nacmyninomy emani 6600uu
ompumany 6asy danux oo IITHM. I na ocmannvomy emani
npoeoounu ouinky egexmueHocmi cnocody npoznosy-
eanns. Cmeopena IIIHM cxnadaemvcs 3 mpoox wapis:
exionui wap (5 napamempie: memnepamypa 30epizanns
monoxa (4; 6; 8 i 10 °C); nepiood 36epizanns monoxa (6i0
1 0o 48 200un); kucromnicmo monoxa (17-20 %), emicm
awcupy (3,2; 3,6; 4.0; 4,5 %) i emicmy oiaxa (2,9; 3,0;
3,3 %) y monoui, npuxosanux wapis (3 30 neiiponamu) i
euxionozo wapy (cnpoernosoeamne wuciao oaxmepii). Jns
naeuanns ma onmumizauii ITHM euxopucmanu 1200 exc-
nepuMeHmanvHux 0aHUX, AKi NOKA3AU, W0 NPOZHO3YEAH-
Ha Mae naubinvumuil noxasnuk eioxunenns — 2,497 % (abo
370 6axmepianvhux xaimun ¢ 1 ma) . Taxum wurom, pospo-
Onenuil Memoo nPozHO3YBAHH MOJCe GYmuU BUKOPUCTIANO
0151 NPOZHO3YBAHHA KLIbKOCMI OaKmepiil 3 6PaAXy6aHHAM
KOMNJIEKCY NepemMiniux YMo6 HABKOJUMHBOZ20 CePe0osU-
wa 6 piznux xapuosux npooyxmax. Taxosc danuii nioxio,
8 AKOCMI Wmy1Ho20 iHmesiexmy, Mojice Oymu euxopucma-
HUU npu oUinyi MIKPOOION0ZIMHUX PUSUKIE MA OJIL WEUO-
K020 KOHMPONI0 34 Ge3neunicnio Xxap1oeux npooyxKmie

Kmouoei cnoea: Enterobacteriaceae, cupe monoxo,
wmyuHi HeUpoOHHI Mepedci, NPOoZHO3YEAHHS KINbKOCMI
oaxmepiii
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1. Introduction

At present, all countries face an important challenge to
ensure food security [1,2]. The most significant risks for
human health associated with food products are the microbi-
ological hazards. Since the microbiological risks are the most
important among other dangers, such as chemical and physi-
cal, they are paid special attention to in the regulation of food
safety in each country [3-5]. It is commonly known that mi-
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croorganisms can change their behavior under the influence
of environmental factors, including technological parame-
ters. Microorganisms become more resilient, demonstrate
the properties not previously observed, and their number
may vary, even increase [6]. In this connection, it is nec-
essary to constantly study the properties of microorgan-
isms, especially the pathogenic bacteria and their behavior
(growth, survival, resilience, and death) and quantitative
changes in a technological process. In this case, is very




important to apply modern research methods or methodol-
ogies such as predicting microbiology. Therefore, studying
and understanding the behavior of microorganisms in raw
materials and ready-made food products, which are affected
by environmental factors, is the basis of control over micro-
biological safety of food. Moreover, a better understanding
of this is very important to devise effective strategies for the
prevention of food poisoning and diseases associated with
food products in each country [6-8].

Contamination of raw materials and products with mi-
croorganisms occurs mainly because of the lack of prop-
er hygienic practices in the process of their production.
The microbial contamination of raw milk may happen from
three main sources: from the udder, from the surface of the
skin of the udder, and from dairy equipment. The lack of
sanitary-and-hygienic conditions during milking increases
the amount of bacteria in raw milk [9-11]. Enterobacteriaceae
is a family of the gram-negative, non-sporous bacteria, which
ferment lactose with the formation of acid and gas. Represen-
tatives of the Enterobacteriaceae family are associated with
diseases that are transmitted by food, or poisoning, while
some of them can also cause food spoilage. This family in-
cludes a series of important food pathogens such as Salmonel-
la, Yersinia enterocolitica, pathogenic Escherichia coli (E. coli
O157:H7), Shigella spp. and Cronobacter spp. [12]. Raw
milk may be the source of the following food pathogens from
the Enterobacteriaceae family: Salmonella spp., Shiga tox-
in-producing Escherichia coli [13, 14]. That is why bacteria
from the Enterobacteriaceae family are the indicative mi-
croorganisms for raw materials and food products, and are,
accordingly, used to control the level of hygienic and sanitary
practices in the process of food production [15, 16].

It is also very important to know that the number of mi-
cro-organisms, including the number of enterobacteria, may
vary at all stages of milk processing as milk is an excellent
medium for bacterial growth [17, 18].

The main stage in the processing of milk, which can
potentially change the number of Enterobacteriaceae, is
the refrigeration storage of raw milk. Typically, raw milk is
kept at a temperature of 4-6 °C. Previous studies noted the
microbial growth and behavior (growth, survival, resilience,
and death) in refrigerated milk during storage in a refrigera-
tor [17, 19]. The behavior of microorganisms in milk is deter-
mined by its properties (pH, water activity, content of NaCl)
and the conditions of storage (temperature and freezing,
relative humidity, the presence of other microorganisms).
The effect of these properties can be predicted by applying
the mathematical models derived from the quantitative re-
search on a microbe population. That is necessary to develop
improved strategies for the prevention and control of food
pathogens and human disease [20].

2. Literature review and problem statement

There is a growing trend towards the application of arti-
ficial intelligence in the food microbiology and food safety.
Predicting microbiology is a new and important scientific
approach, which includes the knowledge on microbial growth
in response to environmental factors, generalized in the form
of quantitative or mathematical models [6, 7, 21]. In general,
the predicting food microbiology is a prognosis of micro-
bial behavior in food products. Papers [21-23] described
the development, validation, and application of the principles

of predicting microbiology in the United Kingdom, the Unit-
ed States, Canada, and Australia over the past two decades.
The literature sources [22, 24] stated that the mathematical
models that quantitatively describe the combined effect
of parameters of the environment could be used to predict
the growth, survival, or inactivation of microorganisms.
Hence, the prediction of the growth of microorganisms in
raw materials and food products that are processed provides
important information to ensure their microbial safety.

Recently, there has been a growing trend in scientific
research to use artificial intelligence, namely, modeling and
prediction, employing computer applications, specifically ar-
tificial neural networks (ANN). ANN is a mathematical mod-
el that simulates the structure and function of the biological
nervous system; it has been discovered that it offers a better
modeling and predicting approach in addressing the un-
certainties and fluctuations that are often associated with
microbial growth. Currently, a given approach that employs
ANN is applied in economics, politics, technology, ecology,
and other biological sciences [24-26]. In addition, the scien-
tific literature cites more researchers from different countries
that devise methods for predicting the behavior of microor-
ganisms in raw materials and food products [24, 25, 27].
Predicting modeling is a modern direction to control micro-
biological hazards in food raw materials and food products,
using mathematical models and statistical methods. This
is a new approach to the establishment and prediction of
changes in the qualitative state of microorganisms (growth,
reproduction, or death) in raw materials or products under
the influence of various parameters of the environment.
These environmental factors are temperature, humidity,
the presence of other organisms, the ratio of salts, acids, or
other chemicals [17, 19, 27]. The principles and methods of
predicting modeling are used in the analysis of microbio-
logical risks within the HACCP system, as well as in the
implementation of new technologies for the production of
food [6, 24, 25, 28].

In some countries, this direction in the microbiology
of foods has only started to develop. Therefore, the design
of methods for predicting the number of microorganisms
in food products, as well as the construction of high-speed
methods to control microbiological indicators using artifi-
cial intelligence, become more relevant [29].

Most scientific papers [7, 19, 24, 26] report results on pre-
dicting the number of certain types of microorganisms in milk,
rather than groups of microorganisms. For instance, a group of
conditionally pathogenic bacteria. The reason for this is the dif-
ficulty associated with creating a database on experimental
research, whose acquisition is quite labor-intensive. The expedi-
ency of conducting our study relates to the use of rapid microbi-
ological control over raw materials and food products of animal
origin using modern computer software. That in turn will
contribute to the implementation of one of the basic measures
for the prevention of diseases associated with consumption of
food products. This would also contribute to the development
of predicting methods for other micro-organisms, while the use
of computer software would contribute to the improvement of
food safety and consumer health.

3. The aim and objectives of the study

The aim of this work was to devise a method for pre-
dicting the number of bacteria from the Enterobacteriaceae



family in raw milk stored under refrigeration conditions
using ANN.

To accomplish the aim, the following tasks have been set:

— to examine the total number of bacteria and the num-
ber of bacteria from the Enterobacteriaceae family, depend-
ing on the composition of raw milk, as well as its temperature
and storage conditions, in a refrigerator;

— to build a database of results from experimental studies
on the number of the above-specified microorganisms, de-
rived from models involving the samples of raw milk;

— to introduce the resulting database of experimental
data to an artificial network;

— to determine the efficacy of the method for predicting
the number of microorganisms in raw milk during storage
under refrigeration conditions.

4. Materials and research methods to devise a method for
predicting the number of bacteria from
the Enterobacteriaceae family

4. 1. Taking samples

We took 290 samples of milk from dairy tanks about
300 ml each from 5 dairy farms in Sumy oblast (Ukraine)
over the period from 2015 to 2018. Under laboratory
conditions, each sample of the raw milk was divided
into two parts. One part of the sample was used for a
microbiological study (10 ml), and the other part — for
the experiment (250 ml). All the samples of raw milk for
the experiment were grouped based on the content of fat
(from 3.2 to 4.5 %), protein (from 2.9 to 3.3 %), and acid-
ity (17-20 °T). To identify these parameters of milk, we
used the ultrasonic analyzer “Ekomilk-Ultra” (Labtime
Itd., Bulgaria).

4. 2. Microbiological methods for studying the samples

All these samples were analyzed by standard methods
for calculating the total number of bacteria and the num-
ber of bacteria from the Enterobacteriaceae family. At the
beginning, we diluted each sample of milk to the concen-
tration of 10% in peptone water. Then we seeded them on
petrifilms to calculate the number of aerobic microorgan-
isms (Petrifilm for Aerobic Plate Count (AC), made by
“3M Microbiology, Maple-
wood, MN”). To calculate
the number of Enterobac-
teriaceae bacteria, we used
other petrifilms (Petrifilm
for  Enterobacteriaceae
Count (EB), made by “3M
Microbiology, Maplewood,
MN”). All seeds were then
incubated at 35+1°C for
24%2 hours. To determine
the quality of milk, we ap-
plied the number of aer-
obic microorganisms. The
study involved the samples
of milk with a total number
of aerobic microorganisms
of up to 100,000 CFU/ml,
which corresponds to the
“extra” quality of milk.

Milk storage temperature
(4,6,8,and 10°C)

Milk storage duration
(from 2 to 48 hours)

Fat content in milk
(from 3.2 to 4.5 %)

Protein content in milk
(from 2,9 to 3,3 %)

Milk titrated acidity (from
17 to 20°T)

Input levels with
5 parameters

Upon incubation, we interpreted the results. On petri-
films for enterobacteria, a characteristic growth for the rep-
resentatives of the Enterobacteriaceae family was believed
to be associated with red colonies with yellow zones and /or
red colonies with gas bubbles or without yellow zones. The
colonies without gas bubbles (a distance that is greater
than the diameter of the colony between the colony and
a gas bubble) and not related to the yellow zone were not
considered typical for Enterobacteriaceae. We counted all
the typical colonies on both types of petrifilms.

4. 3. Design of experimental models and building a
database on the dynamics of bacteria number

The number of bacteria from the Enterobacteriaceae
family in each sample (part of samples for the experiment,
250 ml) was assessed under different temperature regimes
and milk composition.

Models for the experiments were closer to practical con-
ditions of production and storage of raw milk. The models
involved the samples of raw milk with a different content of
fat, protein, and acidity, stored at different parameters for
temperature and duration. Each sample of milk was exam-
ined after 1, 2, 4, 6, 8, 10, 12, 16, 20, 24, 36, and 48 hours
of storage at a storing temperature of 4, 6, 8 and 10 °C.
The effect of milk acidity on the number of bacteria from
the Enterobacteriaceae family was determined at the fol-
lowing values — 16, 17, 18, 19, 20 °T. The content of fat in
the milk changed as follows: 3.2; 3.6; 4; 4.5 (%), the protein
content — 2.9; 3.0; 3.3 (%).

The design of new ANNs was used to establish the rela-
tionship between the input and output layers. The network
consists of three layers: an input layer (5 input parameters:
milk storage temperature (4, 6, 8, and 10 °C), duration of
milk storage (from 2 to 48 hours), the content of fat and
protein in milk (%), the acidity of milk (°T), the hidden
layers (with 30 neurons), and an output layer (the predicted
number of bacteria from the Enterobacteriaceae family), as
shown in Fig. 1.

We established the effectiveness of the method for
predicting the quantity of bacteria from the Enterobacteri-
aceae family in chilled milk using ANN during its storage
by comparing experimental data to the data obtained from
computer forecast.

Number of bacteria from
the Enterobacteriaceae
family, predicted by ANN

Output level
(1 parameter)

Hidden levels
(with 30 neurons)

Fig. 1. Schematic representation of the new artificial neural network for predicting the number
of bacteria from the Enterobacteriaceae family in raw milk when stored chilled



5. Results of studying the effectiveness of a predicting
technique

When storing raw milk in the chilled state, there are
many different external (temperature and duration of stor-
age) and internal (chemical composition of milk) factors that
may affect the number of microorganisms in it. The study
began with studying the initial number of bacteria from
the Enterobacteriaceae family in the samples of raw milk
received from dairy farms (Table 1).

Table 1

Initial number of bacteria from the Enterobacteriaceae family
in raw milk samples (7=290)

Number of | Total number Number of Perc'entage of
. - . bacteria from the | bacteria from the
investigated | of bacteria, b . b .
samples CFU/ml Ente@ acteriaceae | Entero ac.tenace-
family, CFU/ml ae family, %
75 58+5.7x103 7.91+2.5x10° 13.64
125 90+12.8x10% | 11.23+1.3x10° 12.48
90 115+12.1x10% | 17.3+1.3x103 15.04

The total number of bacteria in the raw milk samples
varied from 58+5.7x103 to 115+12.1x103 CFU/ml, the av-
erage value was 90+12.8x10° CFU/ml. It was found that
69 % of 290 samples of milk contain the least total num-
ber of microorganisms 100x10% CFU/ml. The initial level
of bacteria from the Enterobacteriaceae family was from
7.91£2.5x10% to 17.3+1.3x10% CFU/ml, the average value
was 11.23£1.3x10% CFU/ml. The characteristic growth of
enterobacteria on petrifilms is shown in Fig. 2.

Fig. 2. Growth of Enterobacteriaceae on petrifilms: red
colonies with gas bubbles, with or without yellow zones

According to the study objectives, the first step was
forming a database on the dynamics of number of bacteria
from the Enterobacteriaceae family in raw milk during
storage under refrigerating conditions. The number of these
bacteria in raw chilled milk depended on the complex of
variables effects: temperature and duration of storage, the
content of fats, proteins, and the titrated acidity of raw milk.

The processes of intelligent analysis and construction
of a predicting model, based on neural networks, employed
the multilayer perceptron. The perceptron has an optimal-
ly selected value for the number of neurons in the hidden
layer, which is 30. The model operates in line with an error
propagation method. In a neuron model of the perceptron,
element T multiplies each input x, weight o, and summarizes
the weighted inputs. If this magnitude exceeds a preset
threshold, then the output is equal to unity, otherwise zero
is equal to zero. These systems (and many similar ones) con-

sist of a single layer of artificial neurons associated through
weight coefficients with a set of inputs, although in principle
they are estimated by applying more complex systems.

We first tested the ANN for predicting the number
of bacteria from the Enterobacteriaceae family in chilled
milk, depending on the different values for the duration of
milk storage (this is the main variable magnitude). In this
case, the total number of bacteria from the Enterobacteri-
aceae family in the raw milk samples was 10,000 CFU/ml.
That is the predicted expected magnitude. In this example,
the following ratios of milk were permanent, they amounted
to: storage temperature is 6 °C, fat content is 4.5 %, protein
content is 3.3 %, acidity is 16 °T. Changes in the number of
bacteria in the chilled milk were determined in 1, 2, 4, 6,
8, 10, 12, 16, 20, 24, 36, and 48 hours. The effectiveness of
the proposed technique in a given example was determined
by comparing the results from experimental studies and neu-
ral forecast. The research results are given in Table 2.

Table 2

Estimation of the method for predicting the quantity of
bacteria from the Enterobacteriaceae family in milk samples
using ANN depending on milk storage duration

Number of bacteria from
Duration, the Enterobacteriaceae Degree of reliability
hours family, CFU/ml
Actual | ANN forecast | Deviation %
1 10,000 9,977.92 22 0.221
2 10,000 10,025.58 26 0.256
4 10,000 10,160.41 160 1.604
6 10,100 10,143.19 43 0.428
8 10,250 10,123.25 127 1.237
10 10,500 10,573.26 73 0.698
12 10,800 10,636.0 164 1.519
16 10,800 10,780.29 20 0.182
20 10,800 10,851.53 52 0.477
24 10,800 10,709.45 91 0.838
36 10,800 10,750.19 50 0.461
48 10,320 10,542.96 223 2.160

The next check for the ANN was predicting the number
of bacteria from the Enterobacteriaceae family in chilled
milk depending on the different values for the titrated acidity
of milk (this is the main variable magnitude). In this case,
the total number of bacteria from the Enterobacteriaceae
family in the raw milk samples was 10,000 CFU/ml. That was
the predicted expected magnitude. In a given case, the fol-
lowing milk indicators permanent; they amounted to: storage
temperature is 8 °C, the content of fat is 4.0 %, the content of
protein is 3.0 %. The effectiveness of the proposed technique
in a given example was determined by comparing the results
from experimental studies and neural forecast. The research
results are given in Table 3.

The next test for ANN was predicting the number of bacte-
ria from the Enterobacteriaceae family in chilled milk, depend-
ing on varying amounts of protein and fat in it (key variables).
In this case, the total number of bacteria from the Enterobac-
teriaceae family in the raw milk samples was 10,000 CFU/ml.
That was a predicted expected magnitude. In this example,
the following ratios of milk were permanent; they amounted to:
the titrated acidity is 20 °T, protein content is 3.0 %, storage



temperature is 8 °C. A change in the number of bacteria
in the chilled milk in a given example was determined in
48 hours. The effectiveness of the proposed method in
this example was determined by comparing the results
from experimental studies and neural forecast. The re-
search results are given in Tables 4, 5.

Table 3

Estimation of the method for predicting the quantity
of bacteria from the Enterobacteriaceae family in milk
samples using ANN depending on different values for

the titrated acidity of milk
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Table 4

Estimation of the method for predicting the quantity
of bacteria from the Enterobacteriaceae family in milk

samples using ANN depending on milk protein content D I
Protein | Number of bacteria from
content | the Enterobacteriaceae Degree of reliability
in milk, family, CFU/ml 145
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As one can see from the above results, the proposed
method for predicting the number of enterobacteria in milk
samples using ANN depending on different values for the ti-
trated acidity and its content of fat and protein demonstrates
the highest degree of deviation 2.160 %, or 223 bacterial
cells per 1 ml (Table 2).

Fig. 3 illustrates the predictive power of the newly created
model of a neural network. The average coefficient of deter-
mination of new artificial neural networks R=0.99996, which
is a rather insignificant indicator, given that the original
data are expressed in tens of thousands (Fig. 4). By taking
the square root, we obtain an average error of 171.50 CFU/ml),
which is ranges from 0.99 % to 1.715 %, depending on charac-
teristics for the respective samples of milk.

Fig. 3. Physical appearance of new artificial neural networks that
show the patterns of training and the iteration epoch of logistical and

hyperbolic activation functions

Training: R=0.99996

Number of bacteria from
Fat COD" | the Enterobacteriaceae | Degree of reliability
tent in family, CFU /ml
milk, % . . 4r
Actual Deviation | Actual | Deviation
4.5 10,600 10,444.51 | 155.49 1.47 p
4.0 10,600 10,449.5 150.5 1.42 2
3.6 10,600 10,453.66 146.34 1.38
3.2 10,600 10,457.93 | 142.07 1.34

Target

Fig. 4. Coefficient of determination of new artificial neural networks

The last stage of the study was to predict the number
of bacteria from the Enterobacteriaceae family in the sam-
ples of chilled milk, depending on the complex of variables.
These variable effects included: storage temperature, fat
content, protein content, milk storage duration. In this case,
the initial number of bacteria from the Enterobacteriaceae
family was 10,000 CFU/ml (the predicted magnitude). The
effectiveness of the proposed technique was determined by
comparing the results from experimental studies and neural
forecast. The research results are given in Table 6.

As shown in Table 6, the proposed technique for pre-
dicting the quantity of bacteria from the Enterobacteriaceae
family in milk during storage, using ANN in the form of
a multilayer perceptron, depending on its acidity and its



content of fat and protein demonstrates the high degree of
reliability 2.497 % (or 370 bacterial cells per 1 ml).

Estimation of the method for predicting the quantity of bacteria from the Enterobacteriaceae
family depending on a simultaneous effect of different physical-chemical parameters

found that the number of enterobacteria was on average
11.23+1.3x103 CFU/ml.
Table 6 At .the second stage of our
study, it was necessary to build
a base of experimental data ob-

tained from experimental mod-

storage | oo protein | titrated |milk storage | actual (ex- ANN Degree of el; with the Sampl§S of raw

tempera- | ", | con- milk acid- | duration, |perimental) forecast reliability mllk of various phySIGal—Chem—
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10 45 29 20 20 10640 |1080485| 165 | 1549| that the,m}m%e? Offfm??%r‘
anisms in food is affecte

8 45 2.9 16 36 14800 | 1443049| 370 | 2497| 8" ctec oy

the internal and external fac-

4 4 3 20 8 6,690 6,972.05 282 4216 | ¢ors. The internal factors in-

6 4 3 18 24 10,600 | 10,659.36 59 0.560 | clude the chemical composition

10 3.2 3 17 48 16,650 | 16,727.88 78 0.468 | of the product, water activity,

10 3.2 3.3 19 48 15,000 |[15327.69| 328 2185 | and pH. The external factors

6. Discussion of studying the efficiency of a predicting
technique for the number of microorganisms in raw milk
during storage under refrigerating conditions

This study addresses the development of a method
for predicting the number of enterobacteria in raw milk
during storage in a refrigerator. The priority was to justify
the choice of a group of micro-organisms for the research.
Following an analysis of the scientific literature, we learnt
about the devised and proposed prognostic models on the
behavior of various microorganisms in food products. There
are examples of predicting the number of bacteria in raw
milk, including pathogenic microorganisms (Staphylococcus
aureus) and useful microflora (Bifidobacterium bifidum and
Lactobacillus acidophilus) [20, 31]. Earlier research mainly
focused on specific kinds of microorganisms and a group of
psychrotrophic microorganisms [6, 7, 19, 27]. However, we
could not find in the scientific literature any data on fore-
casting the number of bacteria from the Enterobacteriaceae
family in raw milk during storage.

It was then necessary to choose software for forecast-
ing. The principle of artificial neural networks has been
selected, as it was established that they provide the best
modeling and predicting approach [26, 29]. ANNs consist
of many interconnected processors, called neurons, which
ensure a more accurate processing of numerous data simul-
taneously. In addition, an important advantage of using
ANNSs for processing a large amount of experimental data
is their capability of learning, as well as the selection of
input parameters that warrant the derivation of the most
precise model.

In several publications, ANNs were chosen over other
programs because they produce a smaller error for the values
of prediction [28, 34]. Thus, it was reported that the appli-
cation of ANN to predict the behavior of Staphylococcus au-
reus in milk yielded a low value of error (10.95 %) [27]. The
foregoing testifies to the substantiated application of ANN.

The development of a method for predicting the quantity
of enterobacteria consisted of four stages. At the first stage,
we examined the total number of bacteria and the number
of bacteria from the Enterobacteriaceae family depending
on the composition of raw milk, as well as its temperature
and its storage under conditions of a refrigerator. The total
number of bacteria in the raw milk samples before the start
of the study was from 58+5.7x103 to 115+12.1x103 CFU/ml;
the mean value was 90+12.8x103 CFU/ml. It was also

include the time and tempera-
ture of product storage [7, 19].
In a given case, the chosen task was to examine the effect of
different content of fat, protein, and a titrated milk acidity
index, on enterobacteria. These are the basic parameters
that can exert an effect on the growth and reproduction of
microorganisms in milk.

To build a database of experimental data, we used the
samples of raw milk with the initial number of bacteria from
the Enterobacteriaceae family of 10,000 CFU/ml. Next, we
examined changes in the number of these microorganisms at
different temperatures and duration of milk chilling and its
various qualitative composition. In this study, models for ex-
periments were closer to practical conditions of production
and storage of raw milk. To this end, the samples of raw milk
with different content of fat, protein, and titrated acidity
were stored under the following conditions: the temperature
is 4, 6, 8, and 10 °C, the duration is from 2 to 48 hours. Each
sample of milk was examined after 1, 2, 4, 6, 8, 10, 12, 16, 20,
24, 36, and 48 hours. The influence of milk acidity on the
number of bacteria from the Enterobacteriaceae family was
determined for the following values: 16, 17, 18, 19, 20 °T. The
content of fat in milk varied as follows: 3.2, 3.6, 4.0, 4.5 %,
and the protein content — 2.9, 3.0, 3.3 %. The result was the
compiled base of 1,200 experimental data sets.

At the next stage, we introduced the resulting database to
ANN. To construct the new ANN for predicting the number of
enterobacteria, we applied a multi-layer perceptron. The new
model had 5 input parameters and a single output parameter —
the predicted number of bacteria from the Enterobacteriaceae
family (Fig. 1). However, it was important to train and adapt
the newly created ANN to conduct a given type of prediction
using actual examples, which were obtained under laboratory
conditions. Upon training and optimizing the newly built
ANN, the average error obtained was 171.50 (CFU/ml),
which ranges from 0.99 % to 1.715 %, depending on the char-
acteristics of the respective milk samples (Fig.3). As seen
from the above (Tables 3-5), deviations between the actual
data and the neural forecast were insignificant.

At the final stage, we estimated the effectiveness of the
technique for predicting the quantity of bacteria from the
Enterobacteriaceae family in raw milk during storage under
refrigeration conditions. In a given case, the application
of ANN to predict the number of enterobacteria in milk
demonstrated the highest degree of deviation — 2.497 % (or
370 bacterial cells per 1 ml).

Using the described method makes it possible to improve
the speed, accuracy, informativeness, and to significantly



reduce the research required for forecasting the number
of microorganisms. This method will make it possible to
change actual studies to mathematical (computer) models
that adequately reflect the most important patterns in the
examined objects. A possibility to build new predictive neu-
ral network models for a complex of influence from various
external factors (time, temperature, humidity, etc.) and
internal (complicated) environment on the microbiological
quality of milk (or other foods) opens up important avenues
for the application of such methods to control safety in the
food industry.

7. Conclusions

1. Our research has found the influence of storage re-
gimes of chilled raw milk and its chemical composition on
the number of bacteria from the Enterobacteriaceae family
that it contains. It was established that the total number
of microorganisms in the raw milk samples was on average
90+12.8x10% CFU/ml. In this case, the initial level of bac-
teria from the Enterobacteriaceae family was on average at
the level of 11.23+1.3x103 CFU/ml. The result of studying
the influence of a complex of variables effects (temperature
and duration of storage, the content of fats, proteins, and the
titrated acidity of raw milk) was the compiled database of
results from own experiments.

2. The built base of research results included about
1,200 experimental data sets on the number of enterobac-
teria derived from models that involved the samples of raw
milk. Hence, one can argue that there is a certain impact of

milk storage conditions, as well as its chemical composition,
on the number of enterobacteria in raw chilled milk.

3. It was established that the introduction of the result-
ing database of experimental data to an artificial neural
network makes it possible to forecast the number of mi-
cro-organisms depending on a complex of variable effects
(storage temperature, fat content, protein content, milk
storage duration).

4. Owing to the application of a given ANN, it was es-
tablished that the efficiency of the method for predicting
the number of microorganisms in raw milk during storage
under refrigeration conditions has a high degree of reliabil-
ity, 2.497 % (or 370 bacterial cells per 1 ml). That allows us
to argue about the effectiveness of using this method under
practical conditions that would make it possible to change
actual laboratory studies to artificial intelligence.
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