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

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 6, Number 438 (2019), 147 - 156 https://doi.org/10.32014/2019.2518-170X.165

UDC 663.8+664.8

T. N. Volkova', O. A. Borisenko', I. L. Kovalyova', L. I. Rozina',
O. A. Soboleval, V. A. Trofimchenko!, D. E. Nurmukhanbetova®

1 All-Russian Scientific Research Institute of Brewing, Non-Alcoholic and Wine Industry —
branch of V. M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences,
Moscow, Russia,
2University of Narxoz, Almaty, Kazakhstan.

E-mail: tatyana.volkova4 1{@gmail.com; smbiologic@rambler.ru, kovalevail@mail.ru,
labvin@yandex.ru, olgasoboleva@mail.ru, labcognac@mail.ru, dinar2080@mail.ru

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 acrobic bacillus Alicyclobacillus in drinks, bottled in PET bottles, 4saia
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 modem
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 acrobic bacteria Alicyclobacillus are found in drinks, bottled in PET bottles; acetic
acid bacteria of genus Asagia 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, _1nclud1ng phosphoric From medium to high | 2.4-32 0-10%
lemonade (E 338), flavors, preservatives
Health drinks Plant extr_acts, soluble fiber, vitamins, minerals, From low to medium 3545 27%
preservatives

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

Energy drinks Caffeine, laurin, herbal extracts, L-camltme, . From low to medium 2532 1.4-14%
sugar, glucuronolactone, B vitamins, preservatives

Sport drinks Salts, mo_nosaccharldes, (caffeine, amino acids), Weak or 0 3940 5.5.8
preservatives

Egzltgfnendly 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 discase
surveillance [9].

— 48 ——



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

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 facilitics, 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]

. Spoﬂagf_: Foreign Visual defects Metabolites
microorganisms tastes/smells
Yeast Yeast, spoiled beer, | Blown, damaged pack, clouding, COy, ethanol, diacetyl, ace_taldehyde_,
. . acetone, esters, 1,3-pentadiene, pectin
vinegar, aldehyde, flakes, surface film .
oil, pincapple shade degradatlon,_ extracellular
i polysaccharides (EPS)
Lactic acid bacteria Cheesy, sour, green | COz loss, sliming, clouding lactic acid, CO», ethanol, diacetyl,
(LAB) apples formic acid, extracellular
polysaccharides (EPS)
Acetic Acid Bacteria Sour, vinegar Clouding, blown pack, sliming Acetic acid, gluconic acid, COa, ethyl
(AAB) acetate, acetone, extracellular
polysaccharides (EPS)
Spore bacillus Antiseptic shades, Without defects 2,6~ dibromophenol, guaiacol (from
Alicyelobacillus 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.¢. 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
Dekkera 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 vyeast, 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 Acefobacter 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 acrobic 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 acrobes 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 extrancous 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 dic under standard juice pasteurization
procedures [3].

Enterobacteria (Klebsiella, Citrobacter, Serratia) are heterogencous group of facultative anacrobic
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 [3]. 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 anacrobic 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 acrobic 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 veast, 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 extrancous 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 disecase. 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. Discase-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 mtoxication, Escherichia coli O157:H7, and concentrates,
allergic reactions Listeria monocytogenes water
Viruses Infections Liver damage Hepatitis A virus o
2. . . 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 Sa/monella 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
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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. Boaxosal, O. A. Bopucenxol, H. JI. Kopanésal, JI. U. Po3unal,
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AJIKOTI'OJbCI3 CYCBIHAAPABIH MUKPOBHOJIOI'UAJIBIK KAYIIICI3AIT'T

Annoramus. CoHrbl OipHCIIC OHIAFAH JKBUTAAP IMIHAC CYCHIH OHAIPYIIICP FATAMIBIK MOCCIICHI MICHIYTC:
MHKPOOHOJIOTHANBIK KAYINCi3 KOHE JKOFaphl TO3IMIi eHIMICPAi amyFa KO JKCTKi3yre skymcanmbl. Bynm makcaTka
OHIIPICTIH CAHUTAPJIBIK >KAF TAHBIH KAKCAPTY, COHBIMCH KATAP 3HAHIBI MHKPOOPTAHI3MIACP TYPANIbI OimiMIi KCHCHTY
apKBUIBI COTTI KOJI »keTkizinai. CoHpIMEH Oipre, Kazipri yakbITTa aIKOTONBCI3 CYCBIHIAP ACCOPTHUMEHTIHAC aHTap-
JBIKTal e3repicTep OaiKalaaipl: INBIPBIH CYCHIHAAPHI, AJIKOTOJIBCI3 YHIT CYCHIHAAPHI, (DYHKIHOHAIIBI CYCBHIHIAP
TanbpMal Oosa Oactagbsl. KockMIna KOPEKTIK 3aTTapMEH, JWCTANBIK TAIIIBIKTAPMCEH, KBIIIKBUIABIFE JKOHE KapOo-
HU3a0MsA JCHICHI TOMEH CYCBIHZAp jKacay ypaici OaWkamazpl. TYTBIHYIOBI XHMHSIIBIK KOHCCPBAHTTAPCHI3 KOHE
TmacTepiey/IiH KaFbIMChI3 dCEPICPIHCI3 TAOMFU «CYCHIHAAPABD) ANFBICHI Keeai. byn macrypri cyceHaapaa OosraH
KONTCTCH MHKPOOKA KAPCHl TOCKAYBLITAPBIH JKOFATyBIHA dKeyeai. CyCHHIAPABIH 63repyiHe OAHIAHBICTH OY3bLTY
JKaFmaimapel keOefienl. BymiHETIH MHKpOOPraHM3MICPAIH HETI3TI TYpIepi, CYT KBIIKBIIBI OAaKTCpPHIaphl MEH
anIBITKBI XKaHA CYCHIHAAPIA KAaTIyhl MYMKIH, O1paK TYpPIEpPAiH KEHCIO BIKTUMAJIBIFBI XKOFaphl 00mansl. CyChHAAPIBIH
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OY3BUTYBIHAA OAKTCPHAIAPABIH PO apTaabl AercH Oo/mkam Oap. JKakelHAa 'KAHANAH AIOBLUIFAH OYIIHTCH MHKPO-
opranu3Mzep manma 0071asI, oxapasiH KarapeHa [19T Oerenkenepine KyWbIIFaH CyChIHAAPIAFHI KHIIIKBIIFA TOIMII
a3pobtel Ganmmianap Alicyclobacillus, xom wWICTI MUHEpalasl Cylaparsl Asaia Typuepl, IBIPEIHAAPMEH Oaifbl-
TBUIFAH CYCBIHIAPNAFEl Propionibacterium cyclohexanicum >koHe criopa TY3€TiH OAKTEPHAIAP MEH KbIIIKBUIIBIFBI
TOMEH imek Oakreprsuaps! Kipeai. CychlHAAp OHIIPICIHICTI JCHCAYJIBIKKA KAHA KAYINTep WHIPESAMCHTTEPAL MM-
TOPTTAMTHIH emep Ti30ECiHIH KCHEIOiHE OANNTAHBICTHI, COHAAH-aK TOMCH KBIIKBUIIBIKTHI IIBIPHIHIAPABL, aTall
aNTKAaHIA, KOKeHIC KOCHAJAPBIH HHTPESIUCHTTEP PETIHAC KOJNIAHYFa OAIaHBICTHI TYBIHAAYBI MYMKIH. Bomkamas
MHKPOOHOJOTHS CYCBIHAAPJAFHI JACTAYIIBI MHKPOOPTaHU3MICPIIH 9PEKETIH OOJpKayFa, CHIIATTAyFa XKOHE KOHCEp-
BaHT >KYHEJICpiH OHTaWIaHABIpYFa keMekreceai. CyChIHAap eHAIPYIIUIEpPl aXablHAA TYPFAH >KaHA MIHICT — JKOFaphl
KAPCBUTBIKKA HC KAYilCi3 OHIMICPIl Kypy JKOHE CH a3 OHACYIC AKCHI AOMI MCH XOII HIiCTI KACHCTTCPiH cakTay. byn
MIHJCTTI OPBIHAAY AHTHMHKPOOTHIK KEACPriepAi OLMIKTI *KoHE FHUIBIME HETI3JCITEH YHICCTIpYACH Typanasl. byn
IMOIYAa OCHI MOCCCICPAl IICIICTIH ATKOTOJNBCI3 CYCHIHAAPABI OY3aTHIH MHKPOOPTAHM3MICP MCH TYTHIHYIIBLIAP
YIIiH a3bIK-TYJIK KaYIMCI3AIriHe KaTeP TOHAIPCTIH MUKPOOPTAHH3MICP TYPAIIBI aknaparrap oap.

Tyiiin ceszaep: amkoronbCi3 CyCBIHAAP, MHIPEAUCHTTEP, OYTHTSH MHKPOOPTAHH3MICP, MATOTCHIIK MHKPO-
opranu3Mzcep, KOHCEPBAHTTAP, MACTEPU3ALUS, TOCKAY bIJI TEXHOJIOTHSIAPHI, O0DKAMIBI MEKPOOHOIOTHSL.

T. H. Boakosal, O. A. bopucenxol, H. JI. Kopanésal, JI. H. Po3unal,
0. A. Co6oneral, B. A. Tpodumuenrol, /I, E. Hypmyxanterosa’

'Beepoccuickmii HAY 1HO-HCCIIEN0BATENBCKHI HHCTHTYT THBOBAPEHHOM, 6€3AIKOTOIBHON H BUHOETBUYECKOH
npomeimuieHrocTH, BHUU [TbuBIT — pumman « OHL] mumiessix cucrem uM. B. M. T'opbarosa» PAH,
Mocksa, Poccus,
2Yuusepcuret Hapxos, Anmarst, Kazaxcran

MHUKPOBHOJIOI'MYECKAA BE3OITACHOCTD BE3AJIKOTI'OJIbHBIX HAITUTKOB

AnnoTtamus. [TpoM3BOINUTENN HAMUTKOB HECKOJBKO IOCICTHUX JCCATHICTHH IMOTPATHINM HA PEHICHHE TIIO-
OanpHON 3a7aud: JOOUTHCS TOJYUCHHUS MPOAYKTOB, OE30MACHBIX B MUKPOOHOJIOTHYECKOM OTHOLICHUH M 00JIa1ar0-
IIUX BBICOKOH CTOMKOCTBIO. JTa IIeib ObUIA YCIEINHO JOCTHUTHYTA 3a CUET YIYHIICHHS CAHHTAPHOTO COCTOSHHS
TIPOM3BO/ICTBA, A TAKXKE 34 CUET PACIIUPEHUS 3HAHUH 0 MEKPOOPTaHW3MaX-BpeauTe X OMHAKO B HACTOSIIEE BPEMs
HAOIFOJAFOTCSI 3HAYHUTEIbHBIC H3MCHCHHUS B ACCOPTUMEHTE O€3aJIKOTOIBHBIX HATIMTKOB: BCE OOJBIIYIO MO ILIPHOCTH
MPHOOPETAIOT COKOBBIC HATIMTKH, OC3aJIKOTOJBHbBIC CONOJOBBIC HAMMUTKY, HATIMTKY, MAASIIHE 3yObl, ()YHKITHOHAIb-
HbIC HAMUTKA. MIMeeTcs TEHACHIMS K CO3/IaHHMIO0 HAMMUTKOB OOJIEe CIOKHOTO COCTAaBa, OOOTANIEHHBIX JOTIOIHHUTCIIb-
HBIMH TIHTATCIBHBIMH BEIIECCTBAMHE, IHIICBBIMH BOJOKHAMH, C HMOHIKCHHOHW KHCJIOTHOCTBIO M HH3KHM YPOBHEM
KapOoum3anuu. [loTpeOUTEIP XOUCT MOIyYaTh HAMHTKH OOJCC «HATYPAJIbHBIC», OC3 MOOABICHHSA XHMHUYCCKHX
KOHCEPBAHTOB W 0€3 OTPHIATEIFHOTO BO3ACHCTBHS MACTEPH3AIMH. JTO NMPHBOIUT K MOTEPE MHOTHX aHTHMHKPOO-
HBIX 0apbepoB, KOTOPHIC CYMICCTBOBAIM B TPAJMIHOHHBIX HANMUTKAX. BCIEACTBHE 3THX M3MCHECHHH B HAIUTKAX
OyaeT BO3pacTaTh YUCIO CiaydaeB uX nopun. OCHOBHBIC THITHI MHKPOOPTAHW3MOB HOPUH, MOJOYHOKHCIIBIC OAKTEPHA
W JPOXOKH, IMO-BHAMMOMY, OCTAHYTCA M B HOBBIX HAIMTKAX, HO BEChbMA BEPOSATHO, YTO CIHCOK BHIOB OyACT
pacmmpsTscs. [Ipeanonaraercs, YTo B MOPYE HANMMTKOB BO3PACTET poib OakTepuid. [10SBHIMCH HOBBIC, HEAABHO
BBISIBIICHHBIC MHKPOOPTAHHM3MBI ITOPYH, CPEAH KOTOPBIX OTMEHAOT KHCIOTOYCTOMYHMBBIC a3pOOHBIC OalMILIbI
Alicyclobacillus B HanmTKaX, pa3nureix B [19T-OyThuIky, BUABI Asaia B apOMATH3HPOBAHHBIX MHHEPAJIBbHBIX BOAAX,
Propionibacterium cyclohexanicum B HaMHTKAX, 000TANIEHHBIX COKOM, H CHOPOOOpasyromue OaKTCpHH U 3HTCPO-
0aKkTepuu B HANMMTKAX C NMOHMKEHHOM KHCIOTHOCTHIO. HOBBIE PHCKH AJSI 3M0POBBS IPH NMPOU3BOACTBE HAIMUTKOB
MOTYT TaKKe BO3HHKATh M3-332 PACHIMPCHUS CIHCKA CTPAH-UMIIOPTEPOB HMHIPEIHUCHTOB, 4 TAKKE M3-32 HCIIOJB30-
BaHWS B KAUYCCTBE WHIPEANCHTOB COKOB C HE3HAYUTCIHHOW KHCIOTHOCTBIO, B YACTHOCTH, OBOINHBIX. [IpeauKkTHBHASA
MHKPOOHOIOTHS IIOMOKET B TMPEACKA3AHNY W OMMMCAHUH TOBEACHHS MAKPOOPTAHU3MOB-KOHTAMHHAHTOB B HAIMUTKAX
W B ONITEMHU3AIWH KOHCEPBUPYOMMX cucTeM. HoBas 3a7aya, BOZHUKIIAS MIEPE] MPOM3BOANTEISIMA HATIUTKOB, - CO-
30aHAE OC30MACHBIX IMPOJYKTOB C BBICOKOH CTOMKOCTBIO M COXPAHCHHEM HAWIYUIINX BKYCO-APOMATHUECKUX
CBOWCTB ITPH MHUHHUMAJIBbHOH MX 00padoTke. OCYIIECTBICHUE 3TOH 33Ja4H COCTOMT B KBAIM(HIMPOBAHHOM W HAYTHO
000CHOBAHHO! KOMOWHALIMH AHTHMHKPOOHBIX OapbepoB. B Hacrosmiem 0030pe coacp/KaTtcsa HECOOXOIHMBIC IS
pELICHHUS 3TOH 3aJa4M COBPEMCHHBIC CBEJCHUSI O MUKPOOPTAHU3MAX IMOPYH OC3aTIKOTOIBHBIX HANMUTKOB M O MHKPO-
OpraHu3Max, MPEACTABILIOIINX PUCKH MUIICBOH OS30MaCHOCTH I MOTPSOUTE L.

KimoueBbie ciioBa: 0€3aIKOTONbHBIC HAMMTKY, HHIPEIUCHTHI, MUKPOOPTAHM3MbI ITOPYH, MATOTCHHBIC MHKPO-
OPTaHU3MblL, KOHCEPBAHTHI, MACTEPU3ANHS, OAPHEPHBIC TEXHOJIOTHH, MPEICKAZATCIBHAS MUKPOOHOTIOTHL.
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