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Abstract

This article presents the relevance of the issue of inhibition of microbiological processes at different stages of processing of
sugar-containing raw materials, in particular ensuring the microbiological purity of juices and syrups in the production of sugar sub-
stances. Information on the composition of microbiota contaminating raw materials in the production of beet sugar, raw cane sugar,
food syrups from sugar sorghum is analyzed.

Experimental data on the evaluation of the effectiveness of a number of antimicrobial preparations in terms of growth retar-
dation of pure cultures of microorganisms and the effect of disinfection during the introduction of preparations are presented.

The greatest danger in production is caused by the development of spore-forming and mucus-forming bacteria, which led to
the choice of research objects.

Thus, the effect of antimicrobial preparations on microorganisms: mesophilic bacteria Bacillus subtilis, B. megatherium,
thermophilic bacteria B. stearothermophilus, mucus-forming bacteria of the genus Leuconostos, was investigated. In addition, the
effect of antimicrobials on mycelial fungi of the genus Aspergillus was studied.

Based on the conducted experimental studies, the range of costs of the studied antimicrobial preparation for the suppression
of contaminating microflora in the production of sugar and food syrups from vegetable raw materials was determined.
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1. Introduction

Sugar beets, sugar cane and sugar sorghum are mainly used as raw materials for the pro-
duction of sugar substances. These plant raw materials are characterized by a certain microbiota,
which in production conditions can cause loss of sugars and deterioration of product quality.

In the production of sugars, spoilage is an exceptional consequence that can occur over a
number of undesirable factors. In this case, we are talking just about the deterioration of quality.

The main raw material for sugar production in Ukraine is sugar beet. At the same time,
climatic conditions allow the cultivation of sugar sorghum, which can be used quite successfully
as an alternative sugar-containing raw material for food syrups [1]. In addition, sugar beet plants
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process raw cane sugar, obtained from sugar cane, in the off-season. Compliance with sanitary
and hygienic requirements is an important element in the food quality and safety management
system. The production of sugar and food syrups requires the application of sanitary measures
and good production practices in accordance with the HACCP system (Hazard Analysis and
Critical Control Points).

The course of microbiological processes at different stages of processing of sugar-contain-
ing raw materials leads to the decomposition of sucrose and the accumulation of metabolic prod-
ucts in juices and dense products. Thus, in addition to the loss of raw materials and sucrose, the
development of microorganisms negatively affects the quality of technological products and sugar
yield in general. In case of violation of technological regimes and non-compliance with sanitary
and hygienic conditions of production, the content of microorganisms in intermediates increases
significantly, which can lead not only to loss of sucrose, but also negatively affects the safety of
finished products [2].

It is known, that the native microbiota of raw sugar can cause loss of sucrose during its
storage. Typical representatives of sugar beet microbiota are micromycetes of the genera Botrytis,
Phoma, Fusarium, Penicillium, Mucor, Rhizopus, Aspergillus, Trichothecium, Verticillium, Glio-
cladium, Trichoderma, as well as bacteria Bacillus subtilis, Leuconostoc mesenteroides, L. dex-
tranicum and so on. [2, 3]. According to [4], the average total content of microorganisms in raw cane
sugar is 7.8-10-10° CFU per 10 g, including: mycelial fungi — 5.1-6.5-10% bacteria — 0.95-2.7-10°,
and yeast — 3—11-102 CFU per 10 g. Among the species composition of mycelial fungi of raw cane
sugar, about 20 members of the genera Verticillium, Rhizopus, Botrytis, Alternaria, Penicillium,
Aspergillus, Mucor were found.

Microbiological parameters of the juice, obtained from the processing of sugar sorghum,
differ in the qualitative and quantitative composition of microbiota. Thus, in the samples of juice,
obtained by pressing during the processing of sugar sorghum variety “Nectar” [5], mainly bacterial
and yeast cultures were found. After the analysis of morphological-cultural and physiological-bio-
chemical characteristics of the isolated cultures, it was found, that they are similar in most respects
to yeasts of the genera Saccharomyces, Rhodotorula and bacteria of the genera Lactobacillus,
Leuconostoc and Streptococcus.

Studies [6] showed that the average number of microorganisms in freshly squeezed sorghum
juice was 210" CFU/ml. The predominant populations were yeast, lactobacilli and non-fecal coli-
poid bacteria. The dominant bacteria were Leuconostoc mesenteroides, as well as bacteria of the
genera Acinetobacter, Enterobacter, Erwinia, and Pseudomonas. The dominant yeast was Candida
intermedia, and Candida krusei, Saccharomyces cerevisiae, Saccharomyces montanus, Cryptoco-
cus spp, Pichia membranaefaciens, Rhodotorula spp. were also contained [6].

Thus, on the basis of the given data it is possible to draw a conclusion concerning urgency
of a question of reception of finished goods under condition of the minimum microbiological con-
tamination of sugar juices and dense products. It should also be noted that, despite the different
nature of sugar-containing raw materials, the microbiota is generally represented by similar genera
of microorganisms.

The course of microbiological processes in the production of sugar and food syrups depends
on the characteristics of the technological process. Thus, during the main stages of the technologi-
cal process of sugar production from beets, representatives of the mycelial microbiota do not devel-
op, because the optimal temperature of their development is below 50 °C. However, micromycete
spores are able to withstand high enough temperatures, which can cause microbiological contami-
nation of sugar and molasses. Thus, according to DSTU 4623:20006, the content of molds in 1 g of
sugar should not exceed 1.0:-10 CFU. According to DSTU 3696-98, the content of molds in molasses
should not exceed 1.5-10* CFU. Particularly relevant is the issue of disinfection of the mycelial mi-
crobiota in the processing of raw cane sugar, due to the significant content of micromycetes in raw
sugar and the lack of long-term effect of high temperatures in the production process [4]. Under
such conditions, there is a high probability of maintaining the viability of micromycete spores.

In sugar production, the bacterial microbiota poses a significant danger, in particular during
the extraction of sucrose from beet chips [2, 7], or the production of juice from sorghum stalks [5].
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Thus, during the processing of sugar beets, affected by clamp rot, a significant part of the beet
microbiota is introduced into the diffusion apparatus: spore-forming aerobes Bacillus subtilis,
B. mesentericus, B. megatherium, B. stearothermophilus, lactic acid bacteria: Lactobacterium
brevis, L. buchneris, L. plantarum, at the development of mucous bacteriosis — Pseudomonas flu-
orescenes, Erwinia betaticola, Leuconostoc mesenteroides, L. dextranicum, yeast of the genus
Saccharomyces [8, 9]. In the process of extraction of sucrose from beet chips, microorganisms to
some extent adapt to existing conditions, which can lead to the emergence of new properties that
make them more resistant to various factors, including temperature, pH, chemical reagents [8].

As a result of metabolic processes of these representatives of the microbiota is the decom-
position of sugars and proteins of plant tissues with the formation of ammonia, acetone, acetalde-
hyde, B-oxybutyric acid, organic acids, CO,, H,. In addition, due to the development of a number
of bacterial representatives of the microbiota in sugar solutions, polysaccharides dextran and levan
forms, which leads to the mucus formation in process juices [10, 11].

Thus, due to the activity of microorganisms, and especially mucus-forming bacteria in juic-
es and intermediates of sugar production, there are significant changes in the chemical compo-
sition, accompanied by decomposition of sucrose, increased content of reducing substances and
organic acids, formation of high molecular weight polymers of glucose and fructose. Thus, the
negative impact of the products of life of microorganisms is manifested in:

—reducing the quality of intermediate products;

— increasing the loss of sucrose in production (by increasing the sucrose content in molasses);

— deterioration of the filtration properties of juices in the cleaning process;

— distortion of sucrose content indicators in beets in the polarimetric method of determina-
tion (due to the increase in the content of reducing substances) and, accordingly, the purity of cell
and diffusion juices.

In this regard, it is necessary to constantly maintain the proper sanitary condition of pro-
duction and to carry out antimicrobial treatment of certain parts of the technological process. Thus,
in the production of sugar from beets, it is advisable to use antimicrobial preparations during lay-
ing sugar beets in clamps, rinsing beets after washing, treatment of water for various purposes,
juice-chipping mixture, clearing etc. [2]. In the case of processing raw cane sugar, the stage of
clearing raw sugar and filtering syrups is important [4, 12]. When processing sugar sorghum, the
control of microbiological parameters of press and diffusion juices and finished syrups is urgent.

According to modern requirements, the active substances of antimicrobial preparations
must have a wide range of biocidal effect, be non-toxic and eco-friendly [13, 14]. An important
condition for the use of antimicrobial preparations in production is the absence of negative impact
on the product quality.

The aim of the research was to study the effectiveness of a number of antimicrobial prepa-
rations in inhibiting the activity of a number of representatives of the contaminating microbiota
in the production of sugars. To achieve this goal, the following research objectives were selected:

— to determine the sensitivity of the most characteristic representatives of the microbiota in
sugar substances production to a number of active substances of antimicrobial preparations, recom-
mended for use in sugar substances production;

—to determine the rational concentrations of active substances and to compare the effec-
tiveness of the preparations on the example of disinfection of diffusion juice in the production of
sugar from beets.

2. Materials and Methods

1. To determine the sensitivity of microorganisms to antimicrobial drugs, the method of
diffusion of holes in the agar layer was used [15].

Objects of research:

— antimicrobial preparations: “Javel-Clayd”, “Sanitarin” (active substance — active chlorine:
sodium salt of dichloroisocyanuric acid); “Biodes” (polyhexamethylene guanidine hydrochloride);
“Nobak™ (antibiotic: citroside), “Bensteril” (sodium dimethyldithiocarbamate), HSG des 6 (glutar-
aldehyde);

45

Food Science and Technology



Reports on research (2021), kEUREKA: Life Sciences»
projects Number 4

— test cultures of microorganisms: pre-isolated from diffusion juice, pure cultures of
bacteria (Bacillus subtilis, Leuconostoc mesenteroides) and fungi (Aspergillus niger).

The studies were performed using the following nutrient media: meat peptone agar — for
incubation of bacteria, wort agar — for incubation of micromycetes.

The sequence of the experiment. Pre-melted and cooled to the optimum temperature
for each group of microorganisms, the nutrient media were infected by adding a suspension of
daily culture of bacteria, or spore suspension in the case of micromycetes. The infected media
were poured into sterile Petri dishes. After solidification of the nutrient medium, holes were
made at a distance of 1.5-2.0 cm from the edge of the cup by a sterile drill. Aqueous solu-
tions of antimicrobial preparatons of various concentrations were added to the holes. The cul-
tures were incubated in the case of studying bacterial cultures at a temperature of (37+0.5) °C
for 24 hours, and in the case of studying micromycetes at a temperature of (27+0.5) °C for
72 hours.

Interpretation of the results. The absence of a zone of growth retardation indicates that
the studied culture is not sensitive to the action of this antimicrobial preparation. When the
diameter of the zone is up to 15 mm, it is considered that the microorganisms have a low de-
gree of sensitivity to the test preparation, the diameter of the zone from 15 to 25 mm indicates
a medium degree of sensitivity. The presence of a zone with a diameter of more than 25 mm
indicates a high degree of sensitivity of microorganisms to this antimicrobial preparation.

2. To confirm the effectiveness of the antimicrobial action of the studied preparations in
production conditions, the modeling of the extraction process (obtaining diffusion juice) under
laboratory conditions was performed. The total content of microorganisms in the samples of
diffusion juice was determined by the method of Koch [15] by successive ten-fold dilutions and
inoculation on a dense nutrient medium. Incubation of cultures was performed at a tempera-
ture of (37+0.5) °C for 48 hours on meat peptone agar.

The effectiveness of disinfection was determined by the difference in the content of
microorganisms in the diffusion juice before (X)) and after (X,) administration of antimicrobial
preparations and was expressed in %: Efv=100-(X —-X))/X|.

3. Results and Discussion

Since the species microflora in the production of sugar substances has a similar charac-
ter, the selected microorganisms can be markers of the effectiveness of disinfectant action at
different stages of production of sugar and food syrups from different sugar raw materials. In
particular, we considered sugar beets, cane raw sugar, sugar sorghum as raw materials [2, 4, 5].

The research results of the effectiveness of the above antimicrobial preparations on
certain types of microorganisms of the contaminating microbiota are given in Tables 1-3.
Conclusions about the effectiveness of antimicrobials were made in the presence of a zone of
growth retardation of microorganisms.

Table 1
The sensitivity degree of spore-forming bacteria (Bacillus subtilis)

Action zone diameter of the antimicrobial preparation, mm

Preparation Active substance consumption, g
0.001 0.002 0.004 0.006
Javel-Clayd 32 Absent growth
Sanitarin 33 Absent growth
Nobak 20 28 34
Bensteril 28 32 33 Absent growth
HGS des 6 22 33 39
Biodes 18 26 30 34
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The sensitivity degree of mucus-forming of the genus Leuconostoc
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Action zone diameter of the antimicrobial preparation, mm

Note: The preparation “Nobak” did not show an inhibitory effect on the fungal microbiota, even in the case of a significant concen-

Preparation Active substance consumption, g
0.001 0.002 0.004 0.006
Javel-Clayd 29 34
o Absent growth
Sanitarin 30 36
Nobak 16 25 29 32
Bensteril 23 28 36 40
HGS des 6 15 31 38 41
Biodes 16 24 28 31
Table 3
The sensitivity degree of mycromycetes Aspergillus niger
Active substance consumption, g
Preparation 0.0002 0.0005 0.001 0.002 0.003
Action zone diameter of the antimicrobial preparation, mm at /=25 °C
Javel-Clayd Total growth 5 12 16 20
Sanitarin 4 13 20 38 Absent growth
Biodes Total growth 5 10 18
Bensteril 12 18 26 38 44
HGS des 6 Total growth 7 14 17

tration increase

The presented results (Tables 1-3) are evidence that antimicrobial preparations based on di-
chloroisocyanuric acid (Javel-Clayd, Sanitarin) have the high antimicrobial effect against bacteria
and micromycetes. There should be noted their high efficiency against bacteria Bacillus subtilis and
mucus-forming bacteria of the genus Leuconostos. However, it should be noted, that the fungicidal
effect of these preparations on fungi of the genus Aspergillus is much less. The sterility of the medium
in the Petri dish is achieved by using the preparation “Sanitarin” in the amount of 0,003 g, which is
5-10 times higher than the average consumption of the preparation in the case of affecting bacteria.

It is also possible to note the high efficiency of “Bensteril” and “HSG des 6”, which at in-
crease of their dosage also show the high efficiency, as in the case of application of preparations
on the basis of active chlorine. When Nobak is used to inhibit the bacterial microbiota, the results
confirm its effectiveness, but it is ineffective in inhibiting fungi, even in the case of a significant
increase in concentration.

Therefore, the optimal range of consumption for destructing the contaminating microbiota is
in % of the product weight: “Javel-Clayd” and “Sanitarin” — 0.001-0.002, “Biodes” — 0.002—0.004,
“Bensteril” and “HSG des 6” — 0.0015-0.0025, Nobak — 0.003—0.005.

Comparative studies of the effectiveness of the disinfectant action of the studied preparations
during the extraction of sucrose from beet chips were also carried out (Fig. 1). The consumption of
each of the antimicrobial preparations corresponded to the range, determined on the basis of previous
studies (Tables 1-3), recommended for use in the technological process. The total content of microor-
ganisms in the diffusion juice before the introduction of antimicrobials was 4.2 CFU (colony-forming
microorganisms) million/cm?® This indicator corresponds to the range of the total number of micro-
organisms in factory diffusion juice, namely: about 100 thousand—10 million CFU/cm®. After the in-
troduction of antimicrobials, the total content of microorganisms ranged from 0.17 to 0.42 CFU mil-
lion/ em?. Fig. 1 shows the effects of disinfection of diffusion juice by antimicrobial preparations at
certain values of consumption of the active substance to the juice weight.
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According to the obtained data, the studied antimicrobial preparations have the high disin-
fection effect on the microflora of diffusion juice. Thus, the effect of disinfection of microorgan-
isms present in the diffusion juice as 90-95 % is achieved with the use of the preparations: based
on active chlorine in the amount of 0.0008 %; Bensteril and HSG des 6 — 0.002 %; “Biodes” —
0.003 %; Nobak —0.006 %.

EBiodes, 0.003

. 96
S @Javel-Clayd, 0.0008
£ 9%
£ g || OSanitarin, 0.0008
o
fem)
.% 90 - —1 [~opak, 0.006
Qo i —_—
k= 88 O Bensteril, 0.002
w2
A 861 —
o1 EHGS6 des, 0.002

Fig. 1. Effect of diffusion juice disinfection at using antimicrobials, in % of the juice weight

4. Conclusions

The analysis of the results of the conducted researches testifies to the high efficiency of the
preparations on the basis of sodium salt of dichloroisocyanuric acid. The nature of the toxic action
of chemical compounds based on active chlorine is associated with oxidative processes in the pro-
toplasm of a microbial cell, leading to its death. There should also be noted the high efficiency of
“Bensteril” and “HSG des 6”, but their consumption to achieve a similar effect is much higher com-
pared to the preparations based on active chlorine. In the case of using the preparation “Nobak”,
due to its narrower spectrum of action (mainly bacterial microbiota), it is possible to recommend
additional administration of fungicides.

Based on the conducted experimental studies, it is possible to recommend the use of an-
timicrobial preparations based on the sodium salt of dichloroisocyanuric acid in the amount of
0.001-0.002 % of the product weight, citroside — 0.004, sodium dimethyldithiocarbamate — 0.0015—
0.0025 and glutaraldehyde — 0.0015—0.0025 to destroy the contaminating microflora in the produc-
tion of sugar and food syrups from vegetable raw materials.
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