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Background. Scientific research has demonstrated that microbial pathogens could develop resistance to multiple antibacterial agents. Food
additives, in particular preservatives, have also been shown to increase antimicrobial resistance of food-contaminating microorganisms. In
this work the lantibiotic nisin was shown to exhibit: it contributes to the development of the antibiotic resistance of pathogenic and opportunis-
tic microorganisms, reduces the immune status, the development of an imbalance of intestinal microbiocenosis, affects the body’s metabolism
through the regulation of DNA transcription.

Purpose. To assess the risks of nisin (E234) use taking into account its impact on the biological properties of microorganisms-food contaminants.
Material and methods. Calculation of nisin consumption with food under conditions of scenarios 1 and 2 was carried out taking into account
the bodyweight of consumers of different age groups in the Russian population in the software Exel. The analysis of scientific data on the
biological properties of nisin, including the ability to form to the resistance of microorganisms was provided.

Results and conclusion. For the first time, the calculated amounts of the food additive-preservative nisin (E234) in the intestinal contents were
shown to exceed the minimum inhibitory concentrations of nisin for representatives of the normal flora of the human gastrointestinal tract in
consumers of all ages by from 40 to 27064 times, depending on the consumption scenario (with minimum and maximum exposure levels). It
has been argued that the safety of nisin used as a food additive needs to be re-assessed taking into account its considerable contribution to
the antimicrobial resistance of food pathogens.
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Bgedenue. Hzeecmno, umo MukpooHbie RAmMo2eHsl MO2Ym 8bipadamvléams pe3ucmenmHOCMb K MHOMICECMEEHHbIM AHMUOAKMePUANbHbIM
npenapamam. ITuwesvie 000a6KU, 8 HACMHOCMU KOHCEPEAHMDbL, MAKICE MO2YM CROCOOCIMBOBAMb NOGLIUEHUIO YCMOUMUBOCHU MUKDPOOD -
2AHU3MO8 — 3a2psA3HUMenell RUUeBbIX NPOOYKMOE K NPOMUBOMUKPOOHbIM npenapamam. B 0annoii cmamoe nokasano, ymo AanmuOuomux
HU3UH NPOAGASem 6Ce C8OLICMEA, XapaKmepHvie 0 aHMUGUOMUKO08, 4 UMEHHO: ChOCOOCMEYem Pa3gumuio AHMUOUOMUKOPE3UCMeHN -
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HOCIMU NAMOREHHBIX U YCAOBHO NAMOLEHHbIX MUKPOOP2AHUIMO8, CHUICEHUIO UMMYHHO20 Cmamyca OpeaHu3ma, pazeumuio ducobanranca
MUKPOOUOUEHO3a KUUeHHUKA, 0KA3bleaem GAUsAHUE HA 00MEH 8euecme 0peanusma nocpedcmeom peeyaayuu mpanckpunyuu JJHK.

Ileav — oyenums pucku npumenenus nuzuna (E234) ¢ yuémom eeo earusnus na buosocuveckue ceoicmea MUKpoopeaHusmos — 3aepa3Hu-
measnell nuwesoll NpoOyKuuU.

Mamepuaa u memoost. Pacuém nompebaenus HU3UHA ¢ nUWell 8 COOMEEMCMEUU C YCA08UAMU cuyeHapues 1 u 2 nposoduau ¢ yuémom
Maccol meana nompeoumenel pasuHsIX 603pacmHubix epynn Haceaenus Poccuu 6 npoepamme Exel. [Ipoeedén anaru3s nayunvix 0aHHbIX 0
6U0N02UMECKUX CBOUICMBAX HUBUNA, 8 MOM YUCAE O CHOCOOHOCIU (HOPMUPOBAMb K HEMY Pe3UCMEHMHOCHb MUKPOOPeAHU3MOS.
Pesyavmamut u 3axarouenue. Bnepsvie nokasano, umo pacuémmoie Koauvecmea nuuiegoil dodasku-xoncepeanma nuzuna (E234) 6 ku-
WEHHOM CO0ePICUMOM NPEBbIULAOM €20 MUHUMAAbHbIe UHeUOUpYoujUe KoHyenmpayuu 04 npedcmasumeneii Hopmognopol KK T uenose-
Ka y HaceneHus écex gozpacmos om 40 do 27 064 pa3, é 3asucumocmu om cyeHapus hompeodaenus (npu MUHUMAALHOM U MAKCUMANHOM
YyposHsax eo3deiicmeus). lokazano, 4mo 6e30nacHoCmy HUSUHA, UCNOAL3YEMO20 8 Kauecmee nuuesoil 000asKu, Hyjcoaemcs 6 nepeoyeHKe
¢ YUEMOM €20 3HAUUMENbHO20 8KAA0A 8 YCIMOUYUBOCb K NPOMUBOMUKPOOHBIM NPEnapamam NUleabix NamozeHos.

Kawueeswve croea: HU3UH,; huweeas 00606’16(1,' yCl’l’lOlZ'-luBOCmb K lleLlMLleO6HbIM npenapamam, namoeeHHole U
YCA06HO nAMOCeHHble MUKPOOPSAHU3MbL.
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Bbnaz2odapHocmb. Bbipaxaem 6narogapHocTb npodeccopy, AeCTBUTENbHOMY UneHy POCCUICKOW akafemun Hayk Buktopy TyTenbsiHy 3a ero HeoLeHUMy nog-
LlePXKKY U PYKOBOACTBO 3TOW paboToil.

KoHdhnukm uHmepecos. ABTOpbl 3asiBNAIOT 06 OTCYTCTBUN KOH(IMKTA UHTEPECOoB.
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categories. The objective of this article is to report results of the ex-
posure assessment of nisin from the positions AMR problem used
as a food additive in ready-to-eat foods based on different scenari-
os. The assessment is accompanied by a full-scale review of recent
studies that demonstrate that nisin exhibits antibiotic properties.
‘We argue that the use of nisin in foods needs to carefully examined
with a broad risk assessment to take into account its impact on the
biological properties of microbiological food contaminants.

Introduction

Multi-resistant bacteria are currently considered as an emer-
gent global threat and a major public health problem. Resistant
microorganisms are often found in foods as a result of extensive
use of antibiotics and other antibacterial agents (preservatives, pro-
cessing aids, detergents, etc.) in the food supply chain [1, 2].

The excessive use of antibiotics has created antibiotic gradients
which led to the presence of chemicals below minimum inhibit-
ing concentrations (sub-MIC) in the natural habitats. Even though
at sub-MICs, the microbial population remains intact, antibiotics
still have important effects on microbial cells. Chemicals in sub-

Material and methods

The number of consumed food products containing nisin

MICs promote resistance in future generations. They increase the
microbial mutation rates, phenotypic and genotypic variabilities,
and affect the biofilm formation. In addition, sub-MICs induce
resistance in the horizontal gene transfer. Finally, these sub-MICs
play an essential role in the multi-species populations where even
small changes in species interaction can have cascading popula-
tion-level effects. As a result, microorganism’s populations con-
tain mostly antibiotic-resistant strains [3—5].

Studies confirm the link to exist between the use of antibiotics
in food supply and antimicrobial resistance (the AMR) of human
pathogens [3, 6]. AMR microorganisms ingested by consumers
with food present an immediate risk to public health (through the
conjugation, the transformation and the transduction). Studies
have shown that the AMR causes an increase in infectious and
non-infectious alimentary-dependent diseases, and the mortality
rate. The elevated virulence and the AMR often accompany each
other [1, 7].

Nisin belongs to the class of lantibiotics (peptide antibiotic)
[5]. The resistance to lantibiotics including the nisin has been
previously observed in the food-borne gram-positive pathogens
[8—11]. Several studies were recently published on the effect of
lantibiotics at the sub-MIC [12—18].

At present, nisin (E 234) is authorized for use in foods. The
Committee on Food Additives of the Codex Alimentarius Com-
mission regularly approves nisin for use in more and more food

(E 234) was determined according to the data provided by the Rus-
sian Federal State Statistics Service [19].

Calculation of exposure was carried out according to the
following formula:

_F-MU
C="365

where C is the consumption of nisin, F — the amount of all con-
sumed foods for all households, in kg/year/person, and MU is the
nisin content in foods consumed.

Calculation of nisin consumption under the established condi-
tions of scenario 1 and scenario 2 was carried out taking into ac-
count the bodyweight of consumers of different age groups, as well
as taking into account gender differences. Calculations were car-
ried out using Excel.

Results

Antimicrobial activity of nisin. As mentioned in the introduc-
tion, nisin (E 234) is a lantibiotic (bacteriocin) - antimicrobial
peptide of 34 amino acids produced by non-genetically modified
strains of Lactococcus lactis subsp. Lactis [20]. Various nisin prepa-
rations are currently used as preservatives in processed food. Nisin
could be used in canned meat products to reduce the viability of
the spores of Cl.botulinum, significantly increasing the sensitivity
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Table 1 Table 2
Regulations for the use of food additive — nisin (E 234) Maximum use levels for E 234 according to the General Standard
(TRTS 029/2012) for Food Additives (CAC 192-1995)
Food Maximum Food Maximum
. Food categories use level, o Food categories use level,
additive additive
mg/kg mg/kg
Nisin  Semolina or tapioca puddings and similar products 3.0 Nisin  Cereal and starch based desserts 3
(E 234) Mature and processed cheeses 12,5 (E234) (e.g. rice pudding, tapioca pudding)
Curd cheeses and cream cheeses (mascarpone type)  10.0 Cheese analogues 12
Pasteurized liquid egg products (white, yolk, 6.25 Clotted cream (plain) 10
whole egg) Dairy-based desserts (e.g. pudding, fruit 12
or flavoured yoghurt)
of the bacterial spores to heat [21]. Howe;ver, evidence of the ef- Edible casings (e.g. sausage casings) 7
fectiveness of the method remains questionable. In countries of . .
the Eurasian Economic Union, nisin can also be used in the food Fine bakery wares (sweet, salty, savoury) and mixes 6
industry as a processing aid [22]. Flavoured fluid milk drinks 12
N Both the FAO/WHO'’s Joint Expert Committee on Food Ad- Heat-treated processed comminuted meat, 25
ditives (JECFA) and the European Food Safety Authority (EFSA) poultry, and game products
evaluated the safety of nisin and established an acceptable daily intake Heat-treated d ; It 25
(ADI) of 33,000 units of nisin per kilogram of body weight [23, 24]. ane;‘ arrﬁg em‘éﬁ’cctzsislfwg‘(flz ’ fe‘;‘és I)yr cuts
The re-evaluation of nisin in 2017 by EFSA concluded that the pro- ) g P p
posed extension of the use of nisin as a food additive should not be of Liquid egg products 6
safety concern. At the same time, EFSA recommended that the risk Processed cheese 12
of inducing antimicrobial resistance to nisin in pathogenic bacteria . .
. . Ready-to-eat soups and broths, including canned, 5
through its use as a food additive should be evaluated separately [25].
. L . bottled, and frozen
It is known that nisin A has a relatively narrow range of the ]
antimicrobial activity and shows bacteriostatic activity against Ripened cheese 12
gram-positive microorganisms — Listeria spp., Staphylococcus Unripened cheese 12
spp., Bacillus spp., Clostridium spp., mycobacteria and another Whey protein cheese 12

[8—11, 26—28]. However, there are many of reports on resistance
of gram-positive food-borne gram-positive microorganisms to the
nisin [8—11, 28]. It was also shown that after one treatment of the
sub-culturing medium with nisin in concentration 100 ME/ml
increased the AMR of S.agalactiae by the factor of 40 [21]. Ex-
posure of a penicillin-susceptible strain of S.pneumoniae to nisin
(1 mg/L) in liquid culture resulted in the rapid appearance of sta-
ble nisin-resistant mutants in which the MIC increased from 0.4 to
6.4 mg/L and the resistance trait was transferable by genetic trans-
formation [26]. At the same time, gram-negative microorganisms
(Salmonella spp., Shigella spp., E.coli, and other microorganisms
of Enterobacteriaceae family, Campylobacter spp.) which are the
most critical contaminants of ready-to-eat foods, commonly caus-
ing food poisoning and acute enteric infections are not sensitive
to nisin. Due to nisin’s relatively narrow antibacterial spectrum,
low solubility, and instability at physiological pH, it acts as a poor
antibacterial when used alone in vivo [29, 30]. Nisin A does not
restrain the growth of spoiling microorganisms — Proteus spp.,
Ps.aeruginosa, and many species of lactic-acid-producing bacte-
rium, yeasts, and molds [31]. Cytotoxicity of nisin was observed to
concerning red blood cells, vaginal epithelium, and rabbit sperma-
tozoa at a concentration of 5—640 ug/ml. At the concentration of
50 ug/ml nisin caused hemolysis of erythrocytes [23].

Some studies consider the action of antimicrobial peptides on
enzymes, gene transcription and DNA synthesis [32]. Nisin in-
creases apoptosis and reduces cell proliferation in neck squamous
cell carcinoma (HNSCC) cells in concentrations 5, 10, 20, 40, and
80 ug/mL[33] and Human Asterocytoma Cell Line (SW1088) —
brain tumor [34].

Nisin was also shown to promote the formation of biofilms
[3, 18]. It was demonstrated that amino acids which are essential
components of meat protein (D-cysteine, D- or L-aspartic acid,
and D- or L-glutamic acid) significantly improve the antibacte-
rial activity of nisin against S. mutans and at a concentration of
40 mM can prevent its growth. Suggested that the salt stress at
low temperature, low pH could provide cross-protection against
nisin and activated of the cell envelope stress response controlled
by gene LiaR [15]. Suggested that the salt stress at low tempera-
ture, low pH could provide cross-protection against nisin and

activated of the cell envelope stress response controlled by gene
LiaR [5, 10, 11, 35, 36].

The safety evaluation of nisin, conducted by JECFA [23], was
based essentially on its chemical properties and did not fully ad-
dress the fact that this substance exhibits a considerable biologi-
cal activity in the human body. Besides, the evaluation did not
consider nisin produced by genetically modified strains which
in turn have not been evaluated for their safety. The evaluation
conducted by EFSA in 2017 indicated the exposure of all studied
populations to nisin was lower than 1 mg/kg body weight. How-
ever, the EFSA recommended evaluating separately the risk of
inducing AMR to nisin in pathogenic bacteria through its use as a
food additive [25]. This should be assessed with consideration of
the potential use of nisin (E 234) as an antimicrobial drug in hu-
mans and domestic animals. The data indicate that nisin is an an-
tibiotic and could promote the AMR problem. At the same time,
the AMR problem has become a worldwide problem [7, 37, 38].

Exposure assessment for nisin used as a food additive. In our work,
we carried out the risk assessment of the consumption of a food
additive - nisin A - by various social and age groups of the popula-
tion of the Russian Federation from the positions AMR problem.
The risk assessment of the food additive was carried out based on
calculations of its consumption by the population of the Russian
Federation following two scenarios as per recommended intakes es-
tablished in the Eurasian Economic Union (the EAEU —Belarus,
Kazakhstan, Armenia, Russia, and Kyrgyzstan) and those recom-
mended by WHO and Codex Alimentarius Commission [39].

Scenario 1 (minimum consumption) — included the analysis
of possible nisin consumption by the population of the Russian
Federation with foods for which the use of nisin was established
under the Technical Regulations of the Customs Union “Safety
Requirements for Food Additives, Flavors and Processing Aids”
(TR'TS 029/2012) [22] (Table 1).

Scenario 2 (maximum consumption) — included the analysis of
possible consumption of nisin by the population with food prod-
ucts for which the use of nisin was permitted by the GSFA adopted
in 2018 year [40] (Table 2).
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Table 3

Calculations of the total exposure to nisin (E 234) in the first and second scenarios with all categories of food products for which the use
of nisin is permitted according TR TS 029,/2012 or CAC 192-1995 (adopted in 2018 year)

First scenarios Second scenarios
Food category F,ke/p/y (TRTS 029/2012) (CAC 192-1995)
MU, mg/kg C, mg/p/d MU, mg/kg C, mg/p/d
Bread products (bread and pasta in terms of flour, flour, 98,7 - - — -
cereals and legumes)
including:
bakery 0 0 6 0,066
other flour confectionery products 0 0 6 0,253
Meat and meat products in terms of meat 88,2 — — — —
including:
sausages 0 0 25 0,637
frankfurters, wieners 0 0 25 0,370
meat snack 0 0 25 0,233
meat semi-finished products and finished products 0 0 25 0,616
Milk and dairy products in terms of milk 272.6 - - - -
including:
flavoured fluid milk 24,5 0 0 12 0,805
flavoured fermented milk product 6,15 0 0 12 0,202
yogurt 0 0 12 0,132
other dairy products (cocktails, etc.) 0 0 12 0,023
cottage cheese, sweet creamed curds 10 0,205 12 0,247
cheese and bryndza 12.5 0,219 12 0,210
milk ice cream 0 0 12 0,049
Liquid egg products, kg (at the rate of 60g per 1 egg) 13,74 6.25 0,235 6 0,226
TOTAL: — 0,660 — 4,117
When calculating the consumption of nisin in the second sce- Table 4

nario, an assumption was made that, a half of fluid milk (24,5 1
from 49,3 1) and fermented milk products (6,151 from 12,3 1) could
be flavored.

The calculations of the total consumption of nisin (E 234) ac-
cording to the first and second scenario with all categories of food
products are given in table 3.

In the first scenario, the exposure to nisin in all food products
was 0,660 mg/person/day. In the second scenario, the exposure
value was 4,117 mg/person/day.

At the next stage, exposure to nisin was calculated for various
groups of the population (men, women, children of different age
groups), depending on the scenario. The calculation considered
the energy value of food diets, the average body weight of different
age groups of the population, and the date on size and composition
of the population of the Russian Federation as calculated by the
Federal State Statistics Service in 2017 [19] (Table 4).

When calculating the exposure of different groups of the pop-
ulation, the following conditions were adopted: - children aged
from 0 to 3 years were not considered, as in the manufacture of
food products for this age group, the use of nisin is not permit-
ted - in the calculation, the low adsorption capacity of nisin was
considered - when calculating the concentration of nisin in the
gastrointestinal tract, the average weight of the intestine contents
was considered 220 g [41] - nisin concentration in the intestine
was calculated assuming the density of the intestinal contents
equals to 1 (Tables 3, 6).

The values of the average body weight, the energy value of the diets
and the number of groups of the population of the Russian Federation
used in the calculations of the exposure to nisin used as food additive

Population group Avet:age body | Energy intake | Thousands
weight, kg (kcal/day) of people
Children 0 to 3 years old 3-20 1, 267 5,910
Children 3 to 7 years old 20 1,800 5,910
Children 7 to 11 years old 30 2,100 5,910
Children 11 to 18 years old 60 2,500 13,985
Men 18—29 73 2,500 10,596
Men 30-39 73 2,500 11,548
Men 40—49 73 2,500 9,326
Men 50—59 73 2,500 9,681
Men 60++ 73 2,500 10,490
Women 18—29 69 2,000 10,261
Women 30—39 69 2,000 11,769
Women 40—49 69 2,000 10,087
Women 50—59 69 2,000 11,768
Women 60++ 69 2,000 19,304
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Table 5
Exposure to nisin (E 234) for different groups of the population of the Russian Federation (scenario 1)
Population group kEnergy, Bodyweight, Average intestine | Nisin consumption, | Nisin exposure, C in the intestine,
cal/day/p kg contents, g mg/day mg/day/kg mg/kg
Men, 18 to 80 years old 2,500.00 73 220 0,753 0,010 3,424
Women, 18 to 80 years old 2,000.00 69 220 0,603 0,009 2,739
Children, 3 to 7 years old 1,800.00 20 50 0,542 0,027 10,847
Children, 7 to 11 years old 2,100.00 30 70 0,633 0,021 9,039
Children, 11 to 18 years old 2,500.00 60 146.7 0,753 0,013 5,136
Table 6
Exposure to nisin (E 234) for different groups of the population of the Russian Federation (scenario 2)
Population group kEnergy, Bodyweight, Average intestine | Nisin consumption, | Nisin exposure, C in the intestine,
cal/day/p kg contents, g mg/day mg/day/kg mg/kg
Men, 18 to 80 years old 2,500.00 73 220 4,699 0,064 21,357
Women, 18 to 80 years old 2,000.00 69 220 3,759 0,054 17,086
Children, 3 to 7 years old 1,800.00 20 50 3,383 0,169 67,660
Children, 7 to 11 years old 2,100.00 30 70 3,947 0,132 56,383
Children, 11 to 18 years old 2,500.00 60 146.7 4,699 0,078 32,036
It has been previously reported that cytotoxicity of nisin Discussion

to several eukaryotic cells was observed at a concentration of
5—640 ug/ml [23]. Thus, in scenario 1, the amount of nisin deliv-
ered with all food products was below the toxic thresholds men-
tioned above. In scenario 2, the levels of nisin intake were so high
that a cytotoxic effect was likely to occur. Especially high levels of
nisin intake were calculated for the groups of children 3 to 11 years
old and, thus, these groups are exposed to a considerable risk of
cytotoxicity associated with elevated exposure to nisin.

Nisin is an antibiotic that has yet to be fully evaluated for its
antimicrobial effect on the intestinal microbiota. However, we
have demonstrated that in scenario 1 in groups of children 3 to 11
years old and in scenario 2 (all age groups), the use of nisin can
contribute to the AMR. Nisin concentration in the intestines in
children 3 to 7 years old (scenario 1) was 10,847 mg/kg, and in
children 7 to 11 years it was 9,039 mg/kg. According to scenario
2, nisin content in these group was between 17,086 mg/kg and
67,660 mg/kg respectively. As we mentioned in the previous sec-
tion, after sub-culturing in a medium containing nisin at a con-
centration of 100 IU/ml, the resistance of S.agalactiae increased
by the factor of 40 [21]. 1 IU is taken as the amount of nisin that
suppresses the growth of one bacterial cell in 1 ml of broth. 1 IU of
nisin is equal to 0.025 ug of nisin.

Assessment of the effects of nisin on the human body has
shown that in both the first and second scenarios nisin can con-
tribute to suppressing the growth of the indigenous intestinal mi-
croflora. This conclusion is in agreement with previous observa-
tions that nisin in doses of 100, 300, 900 and 2700 IU/g helps
to reduce the number of bacteria of the genera Bacteroides and
Enterobacteriacae in the ileum have shown that the minimum
inhibitory concentration of nisin (MIC) used in the induction as-
says were 22,5 and 750 ng/ml for L.casei BL23 and 22,5 ng/ml for
the defective mutants. Nisin can inhibit the growth of L.casei at
a concentration of 25 ng/ml [42]. Nisin concentrations inhibiting
the growth of conditionally pathogenic and pathogenic micro-
organisms cause the formation of strains multi-resistant to nisin
and other antibiotics. Such a pronounced effect of nisin on the
indigenous intestinal microflora can significantly influence the
formation of innate immunity [42, 43].

Risks associated with the use of nisin and their characteristics

Mechanisms of resistance to nisin. Mechanisms of resistance of
microorganisms to nisin have been studied in detail [16, 29, 44,
45]. Nisin exhibits pore-forming activity and the inhibition of
gram-positive microorganisms - Listeria spp., Staphylococcus spp.,
Bacillus spp., Clostridium spp. - via complexes with lipid I and II
which form pores with short life span in the cell membranes, re-
sulting in the inhibition of the cell wall biosynthesis and inducing
permeability of the cytoplasmic membrane. In binding to lipid 1I,
nisin is similar to other antibiotics [5, 27, 45, 47]. Nisin exhibits
bactericidal activity in the nanomolar level in vivo [30].

The resistance to nisin arises from DNA and RNA mutations
of microorganisms that induce changes in the membrane and cell
wall composition, reducing the acidity of the extracellular medium
and stimulating the binding of nisin to the cell wall, and eventually
its degradation [5, 10, 46]. These facts explain the common mecha-
nisms of gram-positive bacteria resistance to nisin, and various
-Lactam antibiotics caused by the work of certain genes localized in
DNA chromosomes and plasmids [9, 48]. In non-nisin-producing
L.lactis, the resistance to nisin could be conferred by a specific nisin
resistance gene (NSR), which encodes a 35-kDa nisin-resistance
protein (nisin-degrading protease — NSR) [30]. The antimicrobial
peptide resistance mechanisms are dynamic. They can be passed
from species to species via bacteriophages or horizontal gene transfer
and can change specificity and function over time through evolution
[16]. Evidence has been gathered proving the fact that the number
of gram-positive bacteria (L.monocytogenes, B.subtilis, S.aureus,
Str. mutans, E.faecalis, and Lactobacillus spp.) present in food and in
the human body, have a common mechanisms associated with nisin
resistance. It has also been shown that resistance to nisin is favored
by specific genes [10, 49].

Evidence has been gathered proving the fact that the number
of gram-positive bacteria (L.monocytogenes, B.subtilis, S.aureus,
Str. mutans, E.faecalis, and Lactobacillus spp.) present in food and
in the human body, have a common mechanisms associated with
nisin resistance. It has also been shown that resistance to nisin is
favored by a number of specific genes [8, 13, 16, 46].
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To gain immunity against its own-produced nisin, L.lactis
expresses two immunity protein systems, Nisl and NisFEG. The
assembled nisin-Lipid I complex forms pores in the target mem-
brane. It was shown that the Nisl expressing strain displays an 1C
50 of 73610 nM, and 8—10-fold increase, if compared to the non-
expressing sensitive strain. Nisl inhibits the nisin-mediated pore
formation, even at nisin concentrations up to 1 mMol [16].

Certain bacteria produce enzymes that degrade bacteriocins,
e.g., nisinase [50]. The nisin degrading protease (NSR) is non-
nisin producing bacteria which can produce a novel mechanism of
resistance to nisin. The NSR was shown to proteolytically cleave
the C-terminal tail of nisin, thereby inactivating and reducing ni-
sin’s antimicrobial activity 100-fold [21].

Nisin can significantly decrease the antibacterial activities of
many antibiotics, especially in biofilms. As the concentration of
antibiotics throughout a biofilm varies, microbial cells are often
exposed to levels below inhibitory concentrations and hence may
develop resistance. This phenomenon coupled with irresponsible
use of antibiotics stimulates the development of the whole selec-
tion of pathogens [ 15, 32, 47, 51]. These cell defensive mechanisms
were also shown to be effective against other lantibiotics and an-
tibiotics [13, 28, 52, 53]. It has been demonstrated that nisin and
other antibiotics share common mechanisms of genome regulation
in bacteria and common mechanism action of lantibiotics, pep-
tides, and some non-peptide antibiotics.

Biological activity of nisin. In 2014-19, a physical working group
of the Codex Committee on Food Additives (CCFA) introduced
several amendments to General Standard on Food Additives Co-
dex Stan 192-1995 [39] and allowed nisin to be used in several food
categories (heat-treated processed meat, poultry, and game prod-
ucts, cream (plain), processed cheese, canned or bottled (pasteur-
ized) or retort pouch vegetables, broths) with maximum levels be-
tween 6.25—25 ppm, based on JECFA established ADI for nisin of
0—2 mg/kg of body weight [23]. It should be emphasized that JEC-
FA assessment was primarily based on a review of nisin’s chemi-
cal properties, and when EFSA evaluated nisin and endorsed the
ADI of 0.13 mg nisin/kg body weight per day, the authority did not
consider nisin’s antimicrobial activity [25]. On the request of the
Russian Federation, nisin has been recently included by CCFA to
the JECFA Priority List for a full-scale safety re-assessment and a
scientific opinion on nisin’s contribution to the AMR [54].

It is known that sub-inhibitory concentrations of nisin induced
increased resistance of gram-positive microorganisms to nisin in
food [17, 55—58). Nisin could inhibit lactobacterium growth which
is the most important part of normal intestinal microbiota. For ex-
ample, nisin could inhibit the growth of L.gasseri in the concentra-
tion of 25 ng/ml [42]. Inactivation of the signal transduction sys-
tem - TCS (TC04) from the L. casei with which quorum-sensing
histidine protein kinase genes-phosphate regulon (Pho regulon)
acts in combination to increase lactic acid resistance in L.casei,
resulted in a decreased ability to grow at pH 3.75 and increased
tolerance to antibiotics that target the cell envelope of nisin [42,
59]. At the 35-day diets supplemented by nisin and salinomycin,
counts of Bacteroides spp. and Enterobacteriacae spp. in ileum were
significantly decreased [43].

Antimicrobial peptides play a significant role in building an
innate immunity, adaptive immune response. Nisin could induce
preferential apoptosis, cell cycle arrest, and reduces cell prolif-
eration in some cancer’s cells. It also shown mitogenic activity
[12, 60, 61].

The Pho regulon is responsible for inorganic phosphate uptake
by phosphate ATP-binding protein (Pst proteins) and is controlled
by TCS in all bacteria containing a Pho regulon. Studies of E.coli
have revealed that this regulon is not only important for the regu-
lation of phosphate uptake but also affects genes involved in viru-
lence and pathogenesis, secondary metabolite production, nutri-
tional regulation, and stress responses, including the acid tolerance
response. The Pho regulon in E.coli is tied to the expression of acid
shock proteins, sigma factors, chaperones, and acid resistance sys-
tems, including glutamate-dependent acid resistance (GDAR) [57].
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It has been reported that ribosomal biosynthesis of peptides such
as nisin is positively controlled by phosphate too [50, 62].

At the same time, enhanced nisin resistance in some mutants
was shown to be associated with increased expression of three
genes: pbp2229, hpkl021, and Imo2487, encoding a penicillin-
binding protein, a histidine kinase, and a protein of unknown
function. The expression of virulence genes in one nisin-resistant
mutant was analyzed, and each mutant consistently showed either
an increase or a decrease in the expression of virulence genes (pr-
fA-regulated as well as prfA-independent genes). The direct role of
the three genes in nisin resistance was determined. It fact indicated
that a mutant-specific change in virulence may occur concomi-
tantly with bacteriocin resistance development [63].

The effect of nisin on the intestinal (gut) microflora. AMR issue.
The normal intestinal microflora is an evolutionarily developed eco-
logical system of various symbiotic microorganisms which inhibits
open cavities of the human body and maintain the biochemical,
metabolic, and immunological balance necessary for the preserva-
tion of human health. However, at present, due to extensive use of
antibiotics, this balance is disturbed in most of the population, lead-
ing to changes in the composition and number of intestinal microflo-
ra, i.e. to the development of unbalance of intestinal microflora. Not
only the composition, number, pathogenic potential, the virulence
of intestinal microflora change, but also there is a translocation of
microorganisms, their movement to unusual habitats, for example,
from the colon to the small intestine and, most importantly, from
the intestine to the lymph and blood flow. Optional opportunistic
microorganisms of intestinal microflora can cause the development
of acute intestinal infection and the rapid growth of bacteria may
become a source of endogenous infection with different localization
of the inflammatory process. As a result, this process can inhibit the
non-specific immunity status of the population [50, 64].

Nisin modulated the gastrointestinal microbiota and may in-
duce pathogenic properties of microorganisms present in the com-
position of the intestinal microflora. The disruption of the quali-
tative and quantitative characteristics of the intestinal microflora,
in turn, leads to a shift in the acid balance of intestinal lymphoid
tissue in the intestinal lumen, the proliferation of inflammatory
processes, and the development of putrefactive processes. These
effects can lead to significant changes in the proliferation of im-
munocompetent cells, production of pro- and anti-inflammatory
cytokines andmultiple chemokines absorption of nutrients and
biologically active metabolites of microflora, which together can
lead to the development of various alimentary-dependent patholo-
gies [43, 46, 50, 60, 61, 65].

The facts indicate nisin to be an antibiotic and its use can con-
tribute to the development of AMR.

The AMR presents a global issue which (World Health Organi-
zation 2014): threatens the effective prevention and treatment of an
ever-increasing range of infections caused by bacteria, parasites,
viruses, and fungi. AMR is an increasingly serious threat to global
public health that requires action across all government sectors
and society [7].

Issues related to the use of nisin of biotechnological origin. The
gene-encoded nature of nisin makes it more amenable to bioengi-
neering strategies to further enhance their antimicrobial and physi-
cochemical properties [56]. Nisin obtained by biotechnological
methods suppresses the growth of gram-positive and gram-negative
bacteria [56, 66, 67]. Thus, nisin A is largely different in its proper-
ties from other forms of nisin. It becomes a matter of the outmost
importance to conduct the risk assessment and establish parameters
of the safe use and maximum levels for each type of nisin obtained
by biotechnological methods and used in the food industry.

The use of nisin as a therapeutic drug. Several recent stud-
ies highlighted multiple ways in which nisin could potentially be
used as a therapeutic agent. As a result of the antibacterial activity,
nisin-based bacteriocins are regarded as candidates in the therapy
of infectious diseases caused by microorganisms with multiresis-
tance to antibiotics. It has been shown that nisin possessed im-
munomodulatory properties, giving rise to the suggestion of a pos-
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sible role for nisin as a novel immunomodulatory therapeutic drug.
Several studies reported high activity of novel bioengineered de-
rivatives of nisin against Mycobacterium spp. |5, 67—69]. Nisin has
the potential to serve as a novel therapeutic with antitumor effect
[12, 33, 34, 46]. However, to establish the safety of bacteriocins,
in the case of their use as medicines, many tests will be conducted
[50]. Nisin is also used broadly in the veterinary industry [55, 56].
Nisin supplementation improved broiler growth performance in a
dose-dependent manner [43]. In general, one needs to consider a
widely accepted principle that clinically used medicines should not
be used in the food industry.

Conclusion

This study demonstrated that nisin, a widely used food preser-
vative, possesses antibiotic properties, and contributes to the AMR.
Our conclusions were based on the following considerations:

1. Nisin and other antibiotics have been shown to have
common mechanisms of the regulation DNA and RNA, protein,
and polysaccharides of the microorganisms;

2. The studies conducted in recent years indicate that the
use of nisin, even in sub-inhibitory concentrations, leads to an in-
crease in the AMR of microorganisms which are contaminants of
foods as well as the causative agents of acute intestinal diseases and
food poisoning.

It follows that the use of nisin can contribute to the AMR of
microorganisms in intestinal microflora and increase the virulence
and pathogenic potential of microorganisms which cause food-
borne diseases and the harm the human immune system and in-
testinal microbiota of the humans.

At the same time, new lantibiotics become available as the
development of bioinformatics software and search engines have
allowed the identification of nucleotide sequences of bacterial ge-

nomes and their biosynthetic clusters. In this regard, nisin is at the
forefront of research related to the search for effective antimicro-
bial agents for their use not only in the food industry but also in
the treatment of inflammatory diseases, cancer, as well as in agri-
culture as an anti-inflammatory agent and a growth promoter for
farm animals.

Most importantly, recent risk assessments of nisin used as a
food additive by JECFA and EFSA were carried out only for nisin
A, which was produced by non-GMO strains, and did not account
for its antibiotic properties, including those in the intestinal micro-
biota. Thus, nisin A is largely different in its biological properties
from other forms of nisin.

The risk assessment described here takes into consideration the
antibiotic effect of nisin on the human body, demonstrating that
potential adverse effect of food additives E234 on the intestinal
microbiota which can occur when nisin is consumed with food,
both at the minimum and at the maximum level of consumption
in all age groups. Estimated amounts of nisin consumed exceed by
a factor from 40 to 27064 times (depending on the dose) the lev-
els established in scientific studies, which have an inhibitory effect
on the representatives of the indigenous microflora (bacteroides,
enterobacteria, and lactobacilli) its used have a great potential di-
rect risk for consumers of all population groups. It should be noted
that even taking into account hypothetically possible losses of nisin
in the process of food preparation and digestion — 50%, the con-
sumption of nisin in both scenarios (with minimum and maximum
levels of consumption) will exceed the level affecting the intestinal
microbiota from 20 to 13,535 times.

The data collected on the negative role of nisin (E 234) in the
promotion of AMR of pathogenic and opportunistic microorgan-
isms, as well as in the formation of the immune response of the
body, highlight the need to re-evaluate this preservative from AMR
position.
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