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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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MICROBIOLOGICAL SAFETY OF SOFT DRINKS

Abstract. For the past few decades, beverage manufacturers have spent on solving a global problem: to achieve
products that are microbiologically safe and highly resistant. This goal was successfully achieved by improving
production sanitary condition, as well as by expanding pest microorganisms’ knowledges. However, significant
changes are currently being observed in non-alcoholic drinks assortment: juice drinks, non-alcoholic malt drinks,
tooth-friendly drinks, functional drinks are becoming increasingly popular. There is a tendency to create drinks of
more complex composition, enriched with additional nutrients, dietary fiber, with low acidity and low carbonation
level. The consumer wants to get more “natural” drinks, without adding chemical preservatives and without negative
effects of pasteurization. This leads to loss of many of antimicrobial barriers that existed in traditional drinks. Due to
these changes in drinks, number of cases of spoilage will increase. The main types of spoilage microorganisms, lactic
acid bacteria and yeast are likely to remain in new drinks, but it is very likely that list of species will expand. It is
assumed that role of bacteria in drinks spoilage will increase. New, recently discovered spoilage microorganisms
appeared, among which are acid-resistant aerobic bacillus Alicyclobacillus in drinks, bottled in PET bottles, Asaia
species in flavored mineral waters, Propionibacterium cyclohexanicum in drinks, enriched with juice, and spore-
forming bacteria and enteric bacteria in low acidity drinks. New health risks in drinks production may also arise due
to expansion list of countries importing ingredients, as well as due to use of juices with low acidity, in particular
vegetable ones, as ingredients. Predictive microbiology will help in predicting and describing behavior of contami-
nant microorganisms in drinks and in optimizing preservative systems. New challenge, faced by drinks manufac-
turers is creation of safe products with high resistance and preservation of best taste and aromatic properties with
minimal processing. Implementation of this task consists in qualified and scientifically sound combination of
antimicrobial barriers. This review contains up-to-date information on microorganisms for spoiling soft drinks and
microorganisms that pose food safety risks for consumers.

Key words: soft drinks, ingredients, spoilage microorganisms, pathogenic microorganisms, preservatives,
pasteurization, barrier technologies, predictive microbiology.

Over the past twenty years, significant changes have taken place in global soft drinks market.
Functional drinks and bottled water currently represent fastest growing sectors [1, 2]. Energy drinks, non-
carbonated drinks, tooth-friendly drinks, and non-alcoholic malt drinks are gaining popularity. Alcohol-
containing mixed drinks are becoming increasingly popular. These new drinks are often more complex in
composition than traditional drinks and have fewer antimicrobial barriers co mpared to them due to their
higher nutrient’s concentration, lower acidity (pH > 3.5-4.0) and lower carbonation levels. Heat treatment
and use of chemical preservatives are also being reduced in order to create more “natural” products. In
addition, increasing number of consumers want minimal introduction of chemical and technological
additives in food products made from natural ingredients in order to preserve their nutritional and taste
advantages. Studies that have shown possible presence of carcinogenic benzene in soft drinks due to
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interaction of benzoates (preservatives) with ascorbic acid, as well as possible allergic reactions to sulfites
and benzoates, have contributed to development of this trend among consumers. Possible negative effect
of benzoic acid has already forced many soft drinks manufacturers to abandon of this preservative use.
Thus, traditional antimicrobial barriers that were present in previous non-alcoholic drinks are no longer
applied, while duration of products transportation, shelf storage time, vastness of international relations, as
well as new ingredients inclusion have increased significantly [3-5].

The purpose of this review is to summarize current knowledges about two sides of the problem in soft
drinks production: microbiological spoilage and food safety risks for consumers.

Non-alcoholic drinks spoilage microorganisms. The main microorganisms’ types causing modern
drinks spoilage may remain the same as for traditional ones, but the list of species will inevitably expand.
It is expected that bacteria will play an increasingly important role in food spoilage among other
microorganisms. Among new, previously unknown and relatively recently identified causative spoilage
agents (in English literature a special term has been created for them - emergent, from English emer-
gence), acid-resistant aerobic bacteria Alicyclobacillus are found in drinks, bottled in PET bottles; acetic
acid bacteria of genus Asaia in aromatic mineral waters; Propionibacterium cyclohexanicum in juice
drinks; and spore-forming bacteria and enterobacteria in drinks with low acidity [3, 4].

When new soft drinks are being developed, it is very important to track all changes in recipe,
packaging, and preservation methods in order to assess possible microbiological risks. Modern drinks
usually contain several stimulants and inhibitors of microorganisms growth, and therefore it is very
difficult to predict their microbiological resistance. Predictive microbiology can help in optimizing
preservative systems and in predicting and describing behavior of contaminants in beverages [6, 7]. The
task of the future in the field of drinks production is to create safe and durable products with minimal
processing [2, 4, 8].

Soft drinks can be classified according to various criteria (table 1): sugar content (high-calorie or
dietary), juice content, carbonation degree (carbonated and non-carbonated), and the main ingredient in
addition to water (fruits, malt, tea, soy, milk, etc.) and functionality. Functional drinks are the trend of
today. Detailed composition and characteristics analysis of all ingredients (sweeteners, acidity regulators,
flavors, preservatives, etc.) in modern drinks of various categories can be found in review [4].

Table 1 — Categories and typical properties of soft drinks [3, 4]

Category Typical ingredients Carbonization pH Monosaccharides
Cola and Sweeteners, sugars, acids, _1nc1ud1ng phosphoric From medium to high 2432 0-10%
lemonade (E 338), flavors, preservatives
Health drinks Plant extracts, soluble fiber, vitamins, minerals, From low to medium 35.45 2-7%
preservatives

Malt drinks Fermented wort, organic flavor, sweeteners From low to medium - -

Encrgy drinks | Cafieine, laurin, herbal extracts, L-camnitine, From low to medium | 2.5-3.2 1.4-14%
sugar, glucuronolactone, B vitamins, preservatives

Sport drinks Salts, mqnosaccharldes, (caffeine, amino acids), Weak or 0 32-4.0 55.8,
preservatives

;lfrczﬁi[(l';-frlendly Low calorie carbohydrates, preservatives Weak or 0 >5.0 0%

In USA and EU countries, the following mandatory programs are used to ensure drinks food safety:
Good Manufacturing Practice (GMP), Good Hygienic Practice (GHP) and HACCP (Hazard Analysis and
Critical Control Points) [4].

In Russian Federation, the system for ensuring microbiological safety of food products consists of
several positions: state policy; good manufacturing practice (technology, sanitary regime, production
control) in production, storage, transportation, food sale; hygienic regulation and sanitary and epide-
miological requirements for food products; sanitary requirements and examination of food raw materials;
implementation of state supervision (control) in circulation; development, unification, standardization of
analysis methods and ensuring adequate metrological parameters of laboratory control; foodborne disease
surveillance [9].
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Legal and methodological framework for food biosafety control in Russian Federation and EAEU for
non-alcoholic drinks sector includes technical regulations of TR TS 021/2011 “On Food Safety”, TR TS
023/2011 “Technical Regulations for Juice Products”, TR TS 029/2012 “Requirements the safety of food
additives, flavorings and technological aids” [9].

As a rule, microbiological contamination of soft drinks occurs during their preparation.
Microbiological condition of raw materials, production facilities, equipment, violation of sanitary-
hygienic regime - all this can cause infection. The source of infection can be containers - bottles and
cans.

Microbiological drinks spoilage leads to changes in taste, aroma, to visible changes appearance in
product - turbidity, precipitation, color change, sliming due to exopolysaccharides formation (EPS), etc.
(table 2). According to Stratford [8], in order for drink spoilage, it is necessary to achieve a certain, critical
microbial cells concentration (10°~10° cells/ml), i.e. presence of microorganisms’ reproduction process.

Table 2 — Spoilage microorganisms and defects in drinks caused by them [3, 4]

. Sp oﬂagg Foreign Visual defects Metabolites
microorganisms tastes/smells
Yeast Yeast, spoiled beer, | Blown, damaged pack, clouding, CO», ethanol, diacetyl, ace.taldehyde.,
. acetone, esters, 1,3-pentadiene, pectin
vinegar, aldehyde, flakes, surface film . Il
oil, pineapple shade degradatlon,‘ extracellular
’ polysaccharides (EPS)
Lactic acid bacteria Cheesy, sour, green | COz loss, sliming, clouding lactic acid, CO2, ethanol, diacetyl,
(LAB) apples formic acid, extracellular
polysaccharides (EPS)
Acetic Acid Bacteria Sour, vinegar Clouding, blown pack, sliming Acetic acid, gluconic acid, COz, ethyl
(AAB) acetate, acetone, extracellular
polysaccharides (EPS)
Spore bacillus Antiseptic shades, Without defects 2,6- dibromophenol, guaiacol (from
Alicyclobacillus spp. smoke vanilla acid)
Myecelial fungi (mold) | Musty, stale Cottony mycelium lumps in liquid | Formic acid, gluconic acid pH increase
thickness, films of mycelium on due to acid metabolism, gas formation,
surface, discoloration, blown pack | pectin degradation

Since microorganisms differ in their nutritional needs, various drinks are populated by different
groups of spoilage microorganisms [5, 8, 10]. Introduction of new ingredients or new use of traditional
ingredients can contribute to emergence of new types of pests in drinks, thereby expanding list of pests.

Yeast is typical soft drinks contaminant. They are constantly present both in industrial premises, and
in ingredients. Yeast takes first place in carbonated drinks spoilage, mainly due to their ability to
withstand a high degree of carbonation, as well as increased acidity. Most species grow in pH range of
1.5-8.5 [11], and optimum for their reproduction is in range of pH 3.0-6.5 [1]. Yeast, forming heat-
resistant ascospores, are the main pests in carbonated drinks that undergo heat treatment [1].

According to Davenport [3], yeast can be divided into four groups depending on their ability to spoil
soft drinks (table 3). The most dangerous of these are fermentation yeasts that are resistant to preser-
vatives. They can cause product spoilage at almost any stage of production. The second group consists of
yeast, which cause spoilage due to violations in technology of washing and disinfection. Most cases of
infection are caused precisely by these species, which under normal conditions should be destroyed by
preservatives and disinfectants. Yeast of third group serves as indicators of poor sanitary conditions in
workplace, but by themselves don't cause damage to the drink. Fourth group consists of species that aren't
usually associated with conditions for soft drinks production, i.e. are random.

Soft drinks yeast infection often manifests itself in change in taste and aroma caused by yeast
fermentation products, as well as in cloudiness [1]. Accumulation of CO; can cause deformation and even
package rupture. By destroying preservatives such as weak acids, yeast can thereby create conditions for
development of other pests in drinks. Yeast forms ethanol as final fermentation product, which
concentration in soft drink may exceed acceptable levels.
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Table 3 — Pest yeast in soft drinks production [3, 4]

Group 1 Group 2 Group 3 Group 4
Fermenter yeast, Pests and hygiene indicators Hygiene indicators Random
resistant to preservatives
Delkkera anomala, Candida davenportii, Aureobasidium pullulans Kluyveromyces
D. bruxellensis, C. parapsilosis Candida sake, lactis,
D. naardenensis Debariomyces hansenii C. solani, C. tropicalis K. marxianus
Saccharomyces cerevisiae Galactomyces geotrichum/ Clavispora lusitaniae
(atypical), Geotrichum candidum Cryptococcus albidus,
Sacch. exiguus Hanseniaspora uvarum C. laurentii
Schizosaccharomyces pombe Issatchenkia orientalis Debaryomyces etchellsii
Zygosaccharomyces bailii, Lodderomyces alongisporus Exophiala dermatitidis
Z. bisporus, Z. lentus, Pichia anomala, Rhodotorula glutinis
Z. rouxii P. membranifaciens Sporobolomyces salmonicolor /
Saccharomyces bayanus, Sacch. Sporidiobolus salmonicolor
cerevisiae

Saccharomyces cerevisiae is the most common pest of soft drinks and fruit juices [10]. This species
has a high fermentation activity and forms large CO, amount. A number of strains are also resistant to
benzoates, sorbates and sulfates.

Zygosaccharomyces bailii is an organism widely known for its extreme resistance to weak organic
acids, including common preservatives, high osmotolerance and ability to ferment sugars energetically,
including fructose. Z. bailii is often found in fruit concentrates and syrups [12, 13]. Just few cells of this
type in bottle are enough to spoil drink.

Ascospore-forming Dekkera yeast, which is teleomorph of Brettanomyces yeast, is one of the most
common types of non-alcoholic pest yeast in first group [3]. Dekkera species are slow-growing, and
poilage symptoms development can take several weeks. They are extremely resistant to carbonization,
moderately resistant to sorbates and benzoates. Usually form dense turbidity and precipitate, can oxidize
sugars to acetic acid.

Special group of weakly fermenting yeast causes spoilage when washing and disinfection processes
are disturbed (group 2). These are Candida davenportii, C. parapsilosis or Debaryomyces spp. Candida
davenportii is relatively new pest species. It grows well in both fruit and synthetic drinks and in drinks
such as cola [14].

Yeast are indicators of hygiene disorders include also red aerobic yeast of genera Rhodotorula and
Sporidiobolus/Sporobolomyces (teleomorph/anamorph, respectively) and black yeast Aureobasidium
pullulans and Exophiala dermatitidis [3, 4]. These yeasts are found in fouling films on technological
surfaces located in places that are difficult to access for washing and disinfection [3, 4].

Bacteria - pests of soft drinks. Lactic acid (LAB) and acetic acid (AAB) bacteria are most common
pest bacteria. Propagation in soft drinks allows them their resistance to an acidic environment and low pH
values. LAB - microaerophilic gram-positive bacillus or cocci. LAB usually go into production with raw
materials, juice ingredients and packaging materials [1, 3, 4].

The most common species are Lactobacillus paracasei and Leuconostoc mesenteroides [1, 10]. In
addition to them, Lactobacillus brevis, Lb. buchneri, Lb. plantarum, Lb. perolens and Weissella confuse
are usually found in infected products. LAB ferment sugar primarily to lactate. Strains of Leuc. mesen-
teroides and W. confuse can synthesize extracellular polymers of fructose or glucose from sucrose, which
cause drink sliming [10].

The most common acetic acid bacteria (AAB) belong to genera Acetobacter and Gluconobacter. In
addition, types of Gluconacetobacter and Asaia are involved in soft drinks spoilege. The genus Asaia was
described in 2000 and currently includes eight species [15, 16]. Species Asaia are pests of non-carbonated
fruit drinks, iced teas and flavored bottled water [3]. AAB are aerobic gram-negative short or cocciform
movable or fixed bacillus. They are widespread in nature, in particular, in media rich in sugars and ethanol
[10, 16]. Their presence in large numbers in industrial premises indicates poor sanitation [10, 17]. Many
species are able to form biofilms on production equipment surface [10, 118]. AAB are acid resistant
bacteria. Most species grow at pH 3.6-3.8, and some even at pH 3.0 [1, 16, 17]. The optimum growth
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temperature is 25-30 °C [10]. Development of AAB in non-alcoholic drinks can cause change in taste and
aroma, blown pack, sliming, clouding and sediment [17, 18]. Gluconobacter species are most common
spoilage microorganisms in soft drinks. AAB are strict aerobes and need oxygen for their growth. Many
AAB are quite resistant to preservatives: benzoates, sorbates, dimethyldicarbonate (velkorin) [17, 18].

Propionibacterium cyclohexanicum species was isolated from spoiled pasteurized orange juice with
an extraneous taste, but can grow in other juices even at refrigerator temperature. This is gram-positive
pleomorphic bacillus that forms propionic acid as the main product of sugar fermentation. Acetic and
lactic acids are also formed. Minimum pH for growth in juice is about 3.6. The organism is able to with-
stand heat treatment of 95 °C for 10 minutes, so it doesn't die under standard juice pasteurization
procedures [3].

Enterobacteria (Klebsiella, Citrobacter, Serratia) are heterogeneous group of facultative anaerobic
gram-negative bacteria that carry out mixed fermentation, which spoils aroma and taste, and also leads to
gas formation. Extracellular polymers and sulfur compounds can form [1].

Spore-forming bacteria growth of genera Bacillus and Clostridium is usually inhibited in soft
drinks due to low pH values. However, spores in product may remain viable. Species Bacillus and Clostri-
dium are typical pests of vegetable juices that have lower acidity (pH> 4) compared to fruit juices [5, 10].
As the sector of mixed drinks containing cereal dietary fiber in combination with vegetable or fruit juices
grows, their significance as drinks pests is expected to increase. Anaerobic butyrate-forming clostridia,
Clostridium butyricum and Clostridium sporogenes, can infect sugar syrups used in drinks production
during processing or storage, causing rancid taste in drink. These bacteria are active only in range of pH
3.6-3.8 [5]. Getting rid of spore-forming bacteria is very difficult task because of their resistance to many
physical and chemical factors.

Genus Alicyclobacillus is mainly associated with fruit juices spoilage. Spoilage cases have also been
found in carbonated fruit drinks, soft drinks, isotonic water and iced teas [3]. Alicyclobacillus
acidoterrestris is the main pest, but at least 6 more are also involved in spoilage. Genus Alicyclobacillus,
which currently contains 18 species, was first described in 1992 [19]. These are gram-positive spore-
forming aerobic or facultative anaerobic bacillus, moderately thermophilic and acidophilic. They are
bacillus 0.3-1.0x2.0-5.0 microns. They are able to grow in range of pH 2.0-6.5 and temperature 25-70 °C.
Optimum conditions for growth: pH 3.5-5.0, temperature 45-65 °C. Endospores withstand usual procedure
for drink pasteurizing and can germinate and multiply even at pH 2-3. Endospores can form under
different conditions, including aerobic and at high temperatures [19].

According to Lee et al. [19], 35% of spoiled juice cases in American market were caused precisely by
A. acidoterrestris; losses of juice industry from spoilage under influence of alicyclobacilli are very large
and present real problem. Visually determining spoilage from alicyclobacilli is difficult, because organism
doesn't form gas during growth. Spoiled juice looks outwardly normal or exhibits slight clouding. The
main sign of spoilage is an extraneous odor, which is described as an unpleasant medical, phenolic or
disinfectants odor, smoke. Source of this smell is guaiacol, as well as halofenol components.

Mycelial fungi (molds) and actinomycetes in soft drinks. When pasteurized apple juice is infected
with Streptomyces griseus streptomycetes, musty, mold, ground smells appear. This is gram-positive
actinomycete that forms branching mycelium and spores, often resistant to high temperatures. Responsible
for smell (pungent ground smell) are several metabolites, including geosmin [5].

Raw materials, intermediates and final products can be contaminated by spores, conidia or fragments
of mold mycelium. Like yeast, a number of molds are resistant to low pH values; therefore, insufficient
acidity is considered most important factor in spoilage of fruit and berry products by mycelial fungi [5]. In
contrast to many bacteria and yeast, fungi need oxygen to grow. However, some species can also grow
under anaerobic conditions, carrying out fermentation [20]. In addition, some species of Fusatium and
Rhizopus can grow at low oxygen concentrations (0.01% vol.) [20].

Fungi growth in raw materials, ingredients and in finished product can lead to different types of drink
spoilage. Mold can produce a huge number of enzymes - lipases, proteases and carbohydrases, and un-
controlled fungal activity can lead to appearance of extraneous odors and tastes. Volatile compounds
formation - dimethyl sulfide and geosmin, having ground smell, musty smell, can serve as an indicator of
fungal activity. In addition, fungal infection can lead to product discoloration, allergens and toxigenic
compounds formation [20].
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Fungi, which are the main spoilage agents in fruit juice industry and cause millions of dollars in
losses, include heat-resistant species Byssochlamys nivea and B. fulva, Talaromyces flavus and T. macro-
sporus, Neosartorya fischeri and Eupenicillium brefeldianum [3, 4, 21]. These molds can withstand fruit
products heat treatment, including fruits and fruit juices in aluminum cans, fruit purees (used as ingre-
dients), flavored mineral waters, fruit jellies and baby fruit purees [3, 21].

These fungi are able to grow at low oxygen concentrations by fermenting. They are able to form a
large number of different mycotoxins. So, Paecilomyces variotii (anamorph of fungus Byssochlamis
spectabilis) forms viriditoxin. Byssochlamys species produce patulin [3].

Other mold fungi, often found in soft drinks and juice mills, belong to genera Penicillium and
Cladosporum.

Strong infection of raw materials based on apples or grapes with molds can also lead to hydropho-
bins, proteins formation that provoke gushing (excessive foaming) in cider and carbonated wines. Wine
and cider producers have confirmed this [3, 4].

Microbiological food safety risks in non-alcoholic drinks. Non-alcoholic drinks are traditionally
considered safe and not causing food poisoning or disease. However, health risks cannot be completely
ruled out. According to Parish [3], since 1922 there are 32 documented cases of intestinal diseases caused
by drinks consumption, especially unpasteurized fruit juices. Most of these cases are associated with
violations in technology and sanitary practices at factory or in retail outlets. Disease-related illnesses were
caused by various intestinal pathogens, including bacteria, viruses and protozoa (table 4).

Mycotoxins are another group of health risks associated with drinks.

Table 4 — Health risks associated with microorganisms in drinks [1]

Microorganisms Hazard types Human exposure Types of microorganisms Source of infection
Myecelial Mycotoxins Chronic and Penicillium, Aspergillus, Fruit juices,
fungi (molds) acute toxicosis Byssochlamys Fusarium grain raw materials
Bacteria Intestinal infections Miscellanea Salmonella, Fruit juices
and intoxication, Escherichia coli O157:H7, and concentrates,
allergic reactions Listeria monocytogenes water
Viruses Infections Liver damage Hepatitis A virus o
= . . Fruit juices, water
gastroenteritis Noroviruses, Rotaviruses
Protozoa Infections Gastrointestinal Cryptosporidium parvum, Water,
Diseases Cr. hominis, Cyclospora Fruit juices and concentrates
cayatenensis
Yeast Fermentation products | Emetic reactions Unknown Fruit juices

Pathogenic bacteria, viruses, protozoa. Some pathogenic bacteria can survive in acidic carbonated
drinks, although they can't reproduce in them. Escherichia coli and Salmonella. for example, survive for
48 hours in soft drinks such as Coca-Cola (pH 2.7). Yersinia enterocolitica remained viable in commercial
orange drink (pH 3.5) at 30 °C for 3 days [3].

In poisoning cases with fruit juices, cause is most often E. coli, which forms an enterohemorrhagic
toxin or Shiga toxin, especially E. coli of serotype O157: H7, as well as several Salmonella serotypes [3].
Slightly acidic apple and orange juices are most common source of disease.

In modern drinks recipe, many exotic juices are used, for example, acai, melon, date-plum (persim-
mon), papaya, which have low acidity (pH 4.8-6.2). These juices provide conditions not only for survival,
but also for propagation of pathogenic bacteria. Wort-based sweet drinks also create conditions for certain
pathogenic bacteria propagation [3, 4].

Concentrates used to make drinks are also suitable for pathogenic bacteria survival. For example, it
was found that Listeria monocytogenes and Yersinia enterocolitica are able to survive for a long time in
various frozen juice concentrates and in freshly squeezed orange juice (pH 6.3) [3, 4].

Parasites and viruses can also cause intestinal diseases when consuming fruit juices. Protozoa don't
breed in drinks, but they can remain viable for a long time, being in stage of suspended animation in form
of oocysts.

Viruses can't multiply in food, as for this they need living cells. However, hepatitis A viruses,
noroviruses and rotaviruses can be transmitted through drinks produced under unsanitary conditions. In

— 152 =——




ISSN 2224-5278 Series of Geology and Technical Sciences. 6. 2019

1960s, cases of hepatitis A virus transmission through orange juice were recorded [3]. Noroviruses were
cause of diseases caused by raspberries, which were watered with infected sewage [3, 4].

Mycotoxins. The growth of mycelial fungi usually doesn't occur in drinks production. However,
molds often infect raw materials - fruit and vegetable juices, extracts and cereal products. In such cases,
presence of mycotoxins in feed can be expected. Being fairly stable compounds, mycotoxins pass through
entire production chain and end up in finished product. Mycotoxins found in foods and drinks are
synthesized mainly by representatives of genera Aspergillus, Penicillium, Fusarium and Alternaria and
include aflatoxins, ochratoxin A (OTA), patulin, fusarium toxins from trichothecene group and
zearalenone, alternaria toxins (alternariol and others) [22, 23].

It is known that mycotoxins, in addition to their main toxic effects on consumer, can disrupt drinks
preparation, affecting yeast metabolism during fermentation. The presence of mycotoxins may be cause of
incomplete fermentation [3, 4].

Close attention is drawn to patulin, which is most dangerous and most common mycotoxin in fruit
and berry juices production and mashed potatoes and is especially associated with apple and pear juices
and apple cider [3, 4, 23]. Penicillium expansum is main patulin producer and causative agent of blue
mold rot of fruits during storage. In addition to P. expansum, patulin is synthesized by number of species
of penicilli and aspergillus, as well as Byssochlamys spp. (Anamorph - Paecilomyces spp.), ascospores of
which have high heat resistance and are preserved during pasteurization, and therefore this fungus is
frequent contaminant and pest of heat-treated products. Patulin is considered as mycotoxin with potential
carcinogenic effects. Other DNA damaging mycotoxins found indrinks are, according to Paterson and
Lima [22], aflatoxins, sterigmatocystin, OTA, zearalenone, citrinin, luteoscirin and penicillic acid.

U.S. Food and Drug Administration and European Commission (EC) have legislated maximum
allowable concentrations of mycotoxins in foods and drinks. According to these documents (EC Regu-
lation 1881/2006), maximum permissible level for patulin in apple products is 50 mg/kg; for baby food -
10 mg/kg) [3, 4].

In Russian Federation, there are regulations on permissible levels of number of mycotoxins (DON,
T-2 toxin, zearalenone, aflatoxin B1, OTA) in grain and raw materials, patulin in fruits and vegetables,
juices and fruit purees (TR TS 021/2011 "On food safety"). The requirements for non-alcoholic products
and mineral waters, established by current technical regulation, are largely harmonized with requirements
of Codex Alimentarius and European directives, in particular, for patulin permissible level is identical to
European one.

T. H. Boakogsa!, O. A. Bopucenko!, U. JI. Kosanésa', JI. . Posuna’,
0. A. Coboaesa', B. A. Tpopumuenxo’, 1. E. Hypmyxan6erosa’

'Bykinpeceinik chlpa KalHaTy, aJKOTOJIbCI3 XKIHE IAPaI OHEPKICIOi FELIBIMU-3€PTTEY MHCTUTYTHI —
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AJIKOTI'OJIBCI3 CYCBIHJAPABIH MUKPOBHNOJIOT UAJIBIK KAYIIICI3AIT'T

Annoranusi. CoHFbI OipHEIlIe OHIAaFaH JKbUIAAP IMIHAE CYChIH OHIIPYIIIJICP FalaMIbIK MOCEJCHI IICHIyre:
MHUKPOOHOJIOTHSUTBIK, KAyIlCi3 KOHE JKOFaphl TO3IMIII eHIMIEp/i adyFa KON JKETKi3yre »ymcaabl. byn MakcaTka
OHJIIPICTIH CaHUTAPJIBIK >KaFJalbIH j)KaKcapTy, COHBIMEH KaTap 3USHAbI MUKPOOPTaHU3MIEP Typasbl OiTiMIi KEHEHTY
apKbUIBI COTTI KoJl xeTKiziini. CoHbIMeH Oipre, Kasipri yakblTTa ajKOTOJIbCI3 CYCBIHIAp aCCOPTUMEHTIHAE alTap-
JBIKTall e3repicrep OailKamagpl: WIBIPBIH CYCBIHIAPHI, ANKOTOJbCI3 YBIT CYChIHIAPbI, (DYHKIHMOHAIABI CYCBIHAAD
TaHpIMan Oosia Oactajpl. KockiMIlla KOPEKTIK 3aTTapMeH, JAMETANBIK TAIIIBIKTAPMEH, KBIIIKBUIIBIFEI KOHE Kap0Oo-
HU3ALUs JICHrelll TOMEH CYCBhIHAAp jkacay ypaici Oaiikanaipl. TyThIHYIIBI XUMHUSUIBIK KOHCEPBAHTTAPCHI3 JKOHE
nacTepIiey/IiH KarbIMChI3 dCepiIepiHCi3 TaOUFH «CYCBIHIAP/AbI» alFbICHI Kenedi. byn moctypii cychiHnapaa Oonran
KeINTereH MUKpOoOKa Kapchl TOCKAYbULIAP/bIH KoFanybiHa okeneni. CychIHOAp/AbIH ©3repyiHe 0aiiaHbICThl OY3bLIY
JKarmaiiaapel KeoOeieni. ByaiHETIH MHKPOOPraHW3MACPAIH HEri3ri Typsepi, CYT KbIMIKbUIBI OaKTepUsIapbl MEH
aIlIBITKBI )KaHa CyChIHAAp/a KaJybl MYMKiH, Oipak TYpJIepAiH KEHEIO bIKTUMAJIBIFbI )KOFapbl 00s1ansl. CychbIHIapAbIH
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Oy3bUTyBIH/Ia OaKTepUsUIapIblH peili apTaabl AereH Ooibkam Oap. YKakplHaa jkaHalaH allbUFaH OYJIIHIeH MHUKPO-
opranu3mMep mnaiaa 6onjsl, onapasiy Karapbina [19T Gerenkenepine KYWbUIFaH CyChIHAAPAFb! KBIIIKBUIFA TO3IMI
a’po0Thl OGaumutanap Alicyclobacillus, xon nicTi MUHEpaNbl Cynapiarbl Asaia Typiepi, WIBIPbIHAAPMEH Oaifbl-
TBUIFAH CYCBIHIApHAarel Propionibacterium cyclohexanicum >xoHe criopa Ty3eTiH OakTepusuiap MEH KbIIIKbUIIBIFbI
TeMeH imiek Oakrepusiapbl Kipeni. CycbHIap OHIIpICIHIEr! JIeHCaylbIKKa KaHa KayinTep MHIPEOUEeHTTEpIl UM-
MOPTTAWTBIH enjiep Ti30eciHiH KeHeroiHe OalIaHBICThI, COHAAN-aK TOMEH KbIIIKBUIIBIKTH IIBIPHIHAAPABL, aTarl
aliTKaH/a, KOKeHIC KOCHaJapblH MHI'PEIUEHTTEp PETiHAE KOolJaHyra OaiJIaHBICTBI TyBIHAAybl MYMKIH. boikamisl
MHUKPOOHOJIOTHS CyChIHAApIaFbl JIACTAyIIbl MUKPOOPTaHU3MIEP/IiH 9pEKeTiH OoJrKayra, cUnarTayra jkoHe KOHcep-
BaHT XXYHeIepiH OHTaimaHasIpyFa kemekreceni. CychIHAap OHIIpYIIIepi aJablHIa TYPFaH XKaHa MIHICT — JKOFapbl
KapCBUIBIKKA M€ Kayilci3 eHIMIepIi Kypy jKOHE eH a3 eHJey/Ie KaKChl 1oMi MEH XOIII MiCTi KacCHeTTepiH cakTay. by
MIHAETTI OpBIHAAY aHTUMHKPOOTHIK KeAeprijiepAi OUTIKTI jKoHEe FRUIBIMH HETI3ZeNTeH YIlecTipyneH Typanmsl. byn
LIOJTyJ]a OChI MOCeJelep/ii HICHIETIH alKOroJbCi3 CYChIHAAPbl Oy3aThlH MHKPOOPTaHM3MAEP MEH TYTBIHYIIbLIAP
YILIH a3bIK-TYJIK Kayilci3Airine Karep TOHIIPETIH MUKPOOPraHU3M/IEp Typajibl akiiapaTrap oap.

Tyifin ce3mep: ayKoroibCi3 CyChIHAAP, WHIPEAUSHTTEP, OYJIIHICH MHKPOOpPraHU3MJEp, MaTOreHAIK MHUKpPO-
OpraHu3MJIep, KOHCEPBAHTTAP, MACTEPHU3AIINs, TOCKAYbLI TEXHOJIOTHSUIIAPHI, 00KaMIbl MUKPOOUOJIOTHSL.
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0. A. Coboaesal, B. A. Tpopumuenxo!, /I. E. HypmyxanGerona?
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MHUKPOBHUOJIOTUYECKAS BE3OITACHOCTD BE3AJIKOTI'OJIBHBIX HAITUTKOB

AnHoTtanusi. [Ipou3BoauTeIM HAMTKOB HECKOJIBKO IMOCIECIHHUX NECATHIETUI MOTPATHIM Ha pEIleHUe IJIO0-
OanbpHOI 3amaun: TOOUTHCS MOMYYEHHs MPOJIYKTOB, O€30MAaCHBIX B MUKPOOHOJIOTHYECKOM OTHOLIEHHH M 00iajaro-
IIAX BBICOKOM CTOMKOCTBIO. DTa 1eib Oblla YCIIEIIHO JOCTHTHYTa 3a CYET YIIy4IIEHHWsS CaHUTAPHOTO COCTOSIHUS
NIPOM3BO/ICTBA, @ TAK)XKE 32 CUET PACIIUPEHUS 3HAHUI 0 MUKpOOpraHu3mMax-ppeaurernsix. OHaKo B HACTOSIIEe BpeMs
HaOTI0At0TCs 3HAYNTEIbHBIE M3MEHEHHUS B aCCOPTUMEHTE 0€3aJIKOTOIBHBIX HAIIUTKOB: BCE OOJIBIIYIO MOMYIIPHOCTh
MIPUOOPETAIOT COKOBBIE HAIIMTKH, OE3aIKOTOJIBHBIE COJIOJIOBBIE HAMMUTKY, HAIIMTKH, MAAAIINAE 3yObl, (DYHKIIMOHAIb-
HBIE HalMTKH. MIMeeTcst TEHOCHIMS K CO3/IaHHIO0 HAIIMTKOB OOJIee CII0KHOTO COCTaBa, 0OOTAMIEHHBIX OTIOTHUTEIb-
HBIMH TIUTATEIbHBIMU BEIECTBAMM, IHIIEBBIMH BOJIOKHAMH, C HMOHIKEHHON KHCIOTHOCTBIO M HU3KHM YPOBHEM
kapOonuzauuu. [lorpeOuTtenh Xo4eT MoiydaTh HANUTKH OoJiee «HATypalbHbIe», 0e3 J00aBICHHUs XUMHUYECKUX
KOHCEPBAHTOB U 0€3 OTPUIATENIFHOTO BO3AEHCTBHUS MacTepu3alui. DTO MPUBOAUT K MOTEPE MHOTUX aHTUMUKPOO-
HBIX 0apbepoB, KOTOPHIE CYLIECTBOBAIM B TPaJMIMOHHBIX HalWTKax. BcienacTBUe STHX M3MEHEHHH B HalHUTKax
OyzeT BO3pacTaTrh YUCIIO ciiydaeB UX nop4yd. OCHOBHBIE THUIIBI MUKPOOPTraHW3MOB MOPYH, MOJIOYHOKHUCIIbIE OaKTepHn
U JIPOXKHM, TO-BUAMMOMY, OCTAaHYTCS M B HOBBIX HallUTKaX, HO BECbMa BEPOSTHO, YTO CIIMCOK BUAOB OyJIET
pactmpsatscs. IIpennonaraercsi, 4To B MOpYe HANMUTKOB BO3pacTéT posib Oakrtepuid. [losBunnch HOBBIE, HEAABHO
BBISIBJICHHBIE MMKPOOPTaHM3MBI IIOPYM, CPEIU KOTOPHIX OTMEYAIOT KHCIOTOYCTOMYMBEIE a’pOOHbBIE Oalmiibl
Alicyclobacillus B HanuTKaX, pa3nuteix B [IDT-OyThuikn, BUIE Asaia B apOMaTH3UPOBAHHBIX MUHEPAIbHBIX BOIAX,
Propionibacterium cyclohexanicum B HanuTKaX, 000TaIEHHBIX COKOM, U CHOPOOOpa3yromme GaKTepur M SHTEPO-
OGakTepuy B HANMTKaX C MTOHM)KEHHOW KHCIOTHOCTHIO. HOBBIE PHCKH Al 3AOpOBbS IPH NMPOU3BOACTBE HAITUTKOB
MOTYT TaKKe BO3HUKAaTh M3-32 PACUIMPEHUs CIUCKAa CTPAH-MMIOPTEPOB MHIPEIUEHTOB, a TAK)KE M3-3a UCIIOIb30-
BaHMA B KQUECTBE MHIPEINEHTOB COKOB C HE3HAUUTEIbHON KHCIOTHOCTBIO, B YACTHOCTH, OBOIIHBIX. [IpeankTiBHas
MHUKPOOHOJIOTHS IOMOKET B MPEJCKAa3aHNH U ONMCAHUM MTOBEICHUSI MUKPOOPTraHN3MOB-KOHTAMUHAHTOB B HalIUTKaX
W B ONTHMH3aLUK KOHCEpBUpYOMMX cucTeM. HoBas 3aj1aya, BO3HUKILIAS TIepe]] MPOU3BOANTEISIMU HAIUTKOB, - CO-
31aHue OEe30IacHBIX IPOJYKTOB C BBICOKOW CTOMKOCTBIO M COXPAaHEHHEM HAaWIy4IIUX BKYCO-apOMaTH4ECKUX
CBOWCTB IIPU MHUHUMAJIbHOW MX 00paboTke. OCyIIECTBICHUE ITOM 3a/laudl COCTOUT B KBATM(PUIIMPOBAHHON U HAyYHO
000CHOBaHHOW KOMOWHAllMM aHTUMUKPOOHBIX OapbepoB. B Hacrosmiem o03ope conepkarcss HEOOXOAUMBIE JUIst
pelIeHus ATOH 3aJaull COBPEMEHHBIE CBEJICHUSI O MHUKPOOPTaHU3MaX IOpYH O€3aJIKOTOJIbHBIX HAIIMTKOB M O MUKPO-
OpraHu3Max, MPeCTABISIONINX PUCKH MTHIIEBOM 0€30IacHOCTH ISt HOTPEOUTEIS.

Ki1roueBble cjioBa: 0€3aJIKOTOIbHBIE HATUTKH, HHIPEIHEHTHI, MUKPOOPTaHU3MbI ITOPYH, NAaTOTEHHBIE MUKPO-
OpTaHU3MBbI, KOHCEPBAHTHI, TaCTEpU3aNys, OapbepHbIE TEXHOJIOTHH, IPEACKA3aTeIbHAsT MUKPOOHOIOTHSL.
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