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STUDY OF TOLERANCE OF ENTEROBACTERIA TO CHLORINE-BASED
BIOCIDES IN EXPERIMENTAL MODELS USING CHROMOGENIC
INDICATOR TESTS

N.R. Efimochkina, 1.B. Bykova, Yu.V. Korotkevich, Yu.M. Markova,
L.P. Minaeva, S.A. Sheveleva

FSBI "Institute of Nutrition", Russian Federation, Moscow, 2/14 Ustinsky Passage, 109240

The species-specific composition of microbial contaminants of vegetable raw materials and equipment used in the pro-
duction of biotechnological products and beverages fermentation are studied. 85 enterobacteria strains was isolated and
investigated, 46 strains of the genera Enterobacter, Pantoea, Citrobacter, Serratia, Escherichia, Cronobacter was identified
to the species level; the most frequently detected bacteria of the genera Enterobacter and Pantoea (about 50 %). For the first
time developed and tested chromogenic in vitro model based that allows to quantify the degree of inhibition of gram-negative
microflora under the influence of antimicrobial agents depending on the concentrations of biocides and density of bacterial
populations. A comparative analysis of the tolerance of Enterobacteriaceae strains from different biotopes was conducted.
Sensitivity to the treatment of chlorine-containing biocides in 26 strains of enterobacteria from plant material and 9 strains
of Escherichia coli from the intestine of male rats of Wistar line was tested. Enterobacteria from vegetable raw materials
and swabs were more resistant to antimicrobial action of chlorine, than the representatives of the populations of the normal
intestinal microbiota. It is established that the active chlorine concentration of 50-100 mg/dm?, the most commonly used in
the processing of vegetable raw materials, is not effective for Enterobacteriaceae, if the density of the microbial population
is 107 cells/cm® and above. At an initial level of contamination with Enterobacteriaceae not more than 10° cells/cm® pro-
cessing solutions with a concentration of active chlorine of 75 to 100 mg/dm® can provide effective disinfection of raw mate-
rials, equipment, or inventory. Experimental chromogenic in vitro model proposed to assess the impact of chlorine-based
biocides on the degree of the enterobacteria inhibition, can be used to justify the selection and doses of antimicrobial agents,
effective against other groups of microbial contaminants. This will optimize the use of modes of decontamination of raw ma-
terials and sanitizing equipment in the food industry.

Key words: enterobacteria, chromogenic model in vitro, vegetable raw materials, chlorine-based biocides, tolerance.

Current development theories behind the
mechanisms of bacterial pathogenicity which en-
sure the interaction of the agent with the environ-
ment in corresponding ecological niches and com-
municate tolerance to unfavorable conditions of the
surrounding environment are the basis for the de-
velopment of new approaches to the study of be-
havior of food bacterial pathogens under exposure
to physio-chemical, technological and other food
production and storage parameters.

The adverse impact of the external environ-
ment on the viral functions of a bacterial cell takes

place on various regulatory levels which may re-
sult in the development of induced tolerance of
microorganisms to the impact of various bacterial
factors.

In the wild as well as during sanitary water
processing or equipment disinfection, tolerance of
bacteria may be formed when affected by various
anti-bacterial agents including chlorine, acids, al-
kalis, preservatives, antioxidants, bacteriophages
colicins, acrylates, metal ions [1, 7,12].

Today chlorine-bearing products are widely
used in food industry to decrease the seeding of
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pathogenic microorganisms [9, 10, 11, 13]. Free
chlorine and the compounds from which it is pro-
duced (sodium hypochlorite, calcium, magnesium,
chloride of lime, chloramine, chlorine dioxide, so-
dium dichloroisocyanurate and potassium di-
chloroisocyanurate) have a high antimicrobial
power against most pathogenic microorganisms
and are widely used as disinfectants in medicine
and veterinary medicine, drinking water decontam-
inant, wastewater purifier as well as in the produc-
tion of food products for equipment treatment and
decreased microbial contamination of the used raw
materials.

Treatment with chlorine-bearing biocides pro-
tects the products from cross-seeding of the food
infection agents and toxic infection, and extends
shelf life of the products. However the use of chlo-
rine is associated with a number of adverse effects
including the formation of trihalomethanes that
demonstrate toxic and carcinogenic activity: chlo-
roform dihlorbrommetana, dibromochloromethane
and bromoform [4, 5, 6, 8]. Overall, observance of
the maximum permissible levels helps avoid direct
health risks such as toxic, allergic and other reac-
tions caused by food products and drinks with resi-
dues of those substances. Recently, however, it has
been proved that microorganisms — food and drink
contaminants — can possible develop hypo-
sensitivity to biocides as well as tolerance to medi-
cal antimicrobial agents [11]. Biocides are also
associated with such adverse consequences as ac-
celerated evolution of bacterial pathogens and de-
velopment of new infections that are hazardous to
humans [1].

The prevalence of these effects indicates that
the delayed risks associated with the use of antimi-
crobial products for industrial purposes are under-
estimated. Such topics as safety of traditional con-
centrations of biocides used in the food industry,
development of tolerance towards them in various
contaminants, alternation of phenotypic characters
of the most important groups of microorganisms
are underexplored.

To reduce the risk of adverse effects associat-
ed with the use of active chlorine, it is important to
validate the selection of effective concentrations of
working solutions of chlorine-bearing products and
improve the modes of decontamination of raw ma-
terials and sanitary treatment of equipment used at
food enterprises.

Therefore, we conducted an assessment of the
sensitivity of microorganisms — contaminants of
biotechnological food facilities — to chlorine and
chlorine bearing products based on the selection of

optimum concentrations and technological modes
of chlorination for the purpose of inhibiting the
growth or destroying bacteria of the family Enter-
obacteriaceae.

For the purposes of the study, we developed
an experimental chromogenic model for in vitro
assessment of the degree of inhibition of gram-
negative microbial flora under the impact to chlo-
rine-containing biocides which makes it possible to
make a quantitative evaluation of the sensitivity of
enterobacteria to antimicrobial treatment depend-
ing on chlorine concentrations and density of bac-
terial populations.

Materials and methods.

Assessment of the health impact of chlorine-
containing substances was conducted with the use
of various concentrations of active chlorine solu-
tions and suspensions of enterobacteria test-
strains. Effectiveness of antimicrobial power of
chlorine was evaluated by the presence or absence
of growth of the strains in glucose-peptone medi-
um (GPM) after introducing chlorine and 18
hours of culture samples at 37C. As a control, the
same dilution test culture was used without the
addition of chlorine, and samples with uninocu-
lated medium GPM.

To analyze the possibility of variation of the
two factors — chlorine concentration and density
of bacterial suspension — we used 96-well sterile
immunology plates with the working volume of
200 pL per well.

At first, we filled all the plate wells with
180 pL of sterile GPM; then we introduced 20 pL
of the daily suspension of test-strains with the help
of 8-channel metering unit (10°~10* cells/cm®) to
obtain the first ten-fold dilution; similarly, the cul-
ture was tittered to the 11" ten-fold dilution. The
twelfth vertical row was used as a negative control.
To the horizontal rows of wells, we added equal
amounts of percent active chlorine to obtain the
predicted concentration in the medium from 200 to
10 mg/dm®. We did not add active chlorine to the
last row of the plate (H).

During the visual assessment of the growth of
test-strains, we added bromothymol blue indicator
solution to the GPM medium (2 cm® 1.6% alcohol-
ic solution of the indicator per 1 dm® of the medi-
um). Turbidity of the medium and the change of
color from blue-green to yellow indicated growth.
The optical density of the medium was measured
with the help of Sunrise filter photometer, wave-
length: 450 nm.

The qualitative assessment of the sensitivity
of Enterobacter strains to chlorine was conducted
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by determining the degree of growth inhibition of
test-strains depending on the dose of active chlo-
rine and original density of the population which
was expressed as the difference in titers (number of
wells with the signs of growths)in the control and
experimental plate rows:

AizTK—TN,

where Tk is the titer of culture without chlorine, Ty
is the titer of culture with a corresponding chlorine
dose (N).

We used a disinfectant that contains gramevin
as a chlorine-containing agent. The working solu-
tions with various concentrations of active chlorines
were used immediately before the experiment.

For the model, we used the following test-
strains : Salmonella enteritidis 874 provided by
the Nutrition Research Institute, S.typhimurium
NCTC 00074 and Escherichia coli 1330 serotype
O157:H7 provided by Tarasevich State Research
Institute. The objects of the research in chromo-
genic models in vitro were Enterobacteriaceae
bacteria strains produced from plant raw materials
(potatoes, grains, malt) and wipe samples from
brewing equipment.

The species of isolated Enterobacter strains
were determined with the help of biochemical test
systems APl 20E, Rapid 20E, APl 10S, (Bio-
Merieux, France). Additionally, for the model test
objects, we used E.coli strains isolated from the
intestines of laboratory animals (Wister male rats).
The specific species of the strains was determined
with the use of biochemical test systems APl 20E,
Rapid 20E, API 10S, (Bio-Merieux, France).
Overall, 87 enterobacteria cultures were tested dur-
ing the experiment.

Results

The design of the 2-factor model experiment
with the testing of the collection strain E.coli 1330
is presented in Table 1 below. In in vitro experi-
ment, it was found that the active chlorine concen-
trations of 50 and 100 mg/ dm?® which are most fre-
quently used for decontamination of the drinking
water and treatment of plant raw materials are not
effective against the pathogenic bacteria of family
Enterobacteriaceae if the density of microbial
population totals more than 1x10’ — 5x10’ cells/cm®.
At the same time, Salmonella survived the input
concentration 10° —10° cells/cm® (Figure 1).

We used a chromogenic model to analyze the
density of E-coli test-strains isolated from the
normal intestinal microbial flora of laboratory an-
imals to chlorine. To conduct the study, we select-
ed 9 typical E.coli strains identified by the battery
of culture and biochemical tests on API 10S. The
tolerance of E.coli cultures isolated from the mi-
crobial flora of laboratory animals to chlorine ac-
tion (see Table 3) was compatible with the sensi-
tivity of the collection strain E.coli of the serotype
0157:H7, whereas the degree of inhibition of sal-
monella in the same conditions was significantly
lower (see Table 2).

This in vitro experiment showed that active
chlorine in the concentration of 150 - 200 mg/dm?®
has s strong bactericidal activity against E.coli re-
sulting in virtually complete inactivation of living
cells in the concentration of less than 10°
CFU/cm?®. Active chlorine in the concentration of
75 - 100 mg/dm?® reduces the amount of living cells
by 1.1-2.7 orders; active chlorine in the concentra-
tion of 50 mg/dm? had little effect against the bac-
terial suspension of any density.

Table 1
Assessment of the chlorine impact on Escherichia coli 1330
Doses of active Visual density of samples, 450 nm
chlorine, mg/dm® | 1p 2p 3p 4p 5p 6p 7p 8p 9P 10p | 11p | OK

200 0.495 | 0.492 | 0.424 | 0.416 | 0.426 | 0.405 | 0.412 | 0.420 | 0.414 | 0.417 | 0.412 | 0.460

150 1.120 | 0.480 | 0.395 | 0.388 | 0.392 | 0.385 | 0.392 | 0.391 | 0.413 | 0.404 | 0.396 | 0.442

100 0.965 | 0.805 | 0.381 | 0.346 | 0.352 | 0.360 | 0.337 | 0.349 | 0.354 | 0.359 | 0.351 | 0.370

75 1.089 | 0.889 | 0.376 | 0.336 | 0.345 | 0.342 | 0.339 | 0.345 | 0.334 | 0.332 | 0.324 | 0.364

50 1.051 | 0.828 | 0.589 | 0.341 | 0.356 | 0.338 | 0.330 | 0.325 | 0.321 | 0.309 | 0.306 | 0.335

25 0.954 | 0.710 | 0.652 | 0.627 | 0.612 | 0.598 | 0.323 | 0.394 | 0.301 | 0.290 | 0.287 | 0.315

10 0.908 | 0.745 | 0.625 | 0.620 | 0.641 | 0.619 | 0.613 | 0.642 | 0.269 | 0.265 | 0.261 | 0.291

K 1.034 | 0.753 | 0.663 | 0.659 | 0.675 | 0.639 | 0.645 | 0.488 | 0.465 | 0.288 | 0.272 | 0.284

Note: the highlighted cells indicate the plate wells / values where we observed increased turbidity and change in the

color of the medium.
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Figure 1. Growth of the salmonella collection strains in the experimental chromogenic
model observed on the 96-well plate

Table 2

Degree of inhibition of E. coli test-strains under various concentration of active chlorine

Strain NeNe Referen_ce Concentration of active chlorine in the medium, mg/dm®

- culture titer 200 150 100 75 50 25 10

bx 8 8 8 1 1 0 0 0

14k 9 9 8 2 2 2 1 1

16x 9 8 3 2 1 2 2 0

22x 8 7 8 3 1 0 0 0

23k 8 8 8 8 1 0 0 0

41k 9 8 6 1 0 1 1 1

49k 9 8 9 2 0 1 1 0

60k 11 10 10 4 4 3 3 0

62k 8 7 2 1 0 0 0 0

(M) jfsttﬁg‘fs‘;gne"or 878+032 |8.11+0.31|6.89+0.90|2.67 £0.75|1.11 + 0.42|1.00 + 0.37|0.89 + 0.35|0.22 £ 0.15

Median 9.00 8.00 8.00 2.00 1.00 1.00 1.00 0.00

Microbiological studies of the plant raw mate-
rials and the sanitary conditions of food biotechno-
logical manufacturing facilities included the as-
sessment of quantitative levels of bacterial contam-
ination, analysis of the species composition, study
of the phenotypical properties of the isolated
strains and their sensitivity to antimicrobial impact.

In the course of the analysis of the 13 samples
of malt, grain and wipe from the brewing equip-
ment, 32 cultures of gram-negative aerobic and
optionally anaerobic bacteria were isolated and
identified using a long list of culture-based and
biochemical tests.

We identified 27 cultures from the total num-
ber of isolated strains; 26 strains belonged to En-
terobacteriaceae, 1 culture— to Pseudo-
monadoceae. The following bacteria were detected

in the samples: Enterobacter, Pantoea, Citrobac-
ter, Serratia, Pseudomonas, Klebsiella, Escherich-
ia. From the total number of isolated strains, we
determined the species for 17 cultures: E. amnige-
nus, E.aerogenes, Serratia fonticola, S.ficaria,
Citrobacter freundii, Klebsiella pneumoniae,
Escherichia  coli, Pseudomonas  aerugino-
sa.Analysis of the specific composition of the iso-
lates showed that most strains were composed of
Pantoea bacteria— 11 cultures (42%). Pantoea
microorganisms were found on most of the ana-
lyzed samples. The second most frequent group
of microorganisms isolated from the swabs and
raw materials included Enterobacter bacteria
(29.6% of all the strains). Sociological data
about the detection rate of coliform lactose-
positive bacteria and other gram-negative micro-
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organisms helped to reveal significant differ-
ences in the composition of the contaminants of
raw materials and swabs: coliforms were more
frequently found in the swabs, and enterobacte-
ria — in the plant raw material — malt.

During the analysis of the species content of
the microbial flora which contaminated starch-
containing raw materials for alcohol production
(samples of whole and crushed wheat, barley,
oats, potato tubers obtained from several regions
of the Russian Federation, as well as imports, 17
samples total), we isolated 53 strains of gram-
negative glucose-fermenting bacteria. At the con-
clusion of identification, association with the fam-
ily Enterobacteriaceae was confirmed for 29
strains including potentially pathogenic bacteria
of the Enterobacter, Pantoea, Citrobacter, Serra-
tia, Escherichia classes.

Cronobacter microorganisms were isolated in
two cases. The highest frequency of detection be-
longed to Enterobacter (38.0%) and Pantoea (27.
6%). Coliform lactose-positive bacteria (CGB) was
found both in grain and potatoes, and enterobacte-

ria of plant origin Pantoea spp was isolated only
from grain raw materials.

The list of enterobacteria strains selected for
the testing in the in vitro experimental chromogen-
ic model is presented in Table 3.

The results of the comparative assessment of
chlorine sensitivity of 26 strains isolated from
plant raw materials and manufacturing equipment
swabs are presented in Table 4.

Analysis of the obtained data revealed that
all the tested enterobacteria strains were to one
extent or another sensitive to the active chlorine
concentrations used during the experiment. The
concentration of 200 and 150 mg/dm?® fully sup-
pressed the growth of 7 out of 26 tested strains
(26.9%). Active chlorine in the concentration of
75-100 mg/dm® showed significant inhibition
of the strain growth from 10%° cells/cm® to
10°° cells/cm?®, that is by 3,5-4,7 logarithmic or-
der.A lower concentration of chlorine caused
little inhibition — the density for the populations
decreased only by 5-10 times (less than 1,0 Ig
cells/cm®

Table 3
Species associated of the enterobacteria strains under review
Strain NeNe | Species associated | Source of isolation
Lactose-positive enterobacteria (CGB)

5/6 Escherichia coli Rye malt fermented

1 Citrobacter freundii Wheat
6/4 Citrobacter freundii Wipe (dispensing machine)
24 Citrobacter freundii Wheat

50 Citrobacter braakii Potatoes
1/3 Klebsiella pneumonia Malt barley

14 Enterobacter spp Wheat
7/4 Enterobacter cloacae Rinse with dispenser (capping)
7/6 Enterobacter cloacae Rinse with dispenser (capping)
16 Enterobacter cloacae Oats

22 Enterobacter cloacae Wheat

41 Enterobacter cloacae Potatoes
48 Enterobacter cloacae Potatoes

52 Enterobacter cloacae potatoes
47 Cronobacter spp (E. sakazakii) Potatoes

51 Cronobacter spp (E. sakazakii) Potatoes

Lactose-negative enterobacteria

2/1 Pantoea spp. Rye
2/3 Pantoea spp. Rye
3/1 Pantoea spp. wheat Malt

20 Pantoea spp Barley

30 Pantoea spp Wheat

33 Pantoea spp Wheat

38 Serratia ficaria Potatoes
45 Serratia marcescens Potatoes

35 Leclercia adecarboxylata Wheat

Other lactose-negative bacteria

6/6 | Pseudomonas aeruginosa Wipe (dispensing machine)
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Table 4

The degree of inhibition of strains isolated from plant raw materials and swabs (Ai)

Strain NeNe

Reference
culture titer

Concentration of active chlorine in the medium, mg/dm®
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Median
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Lactose-negative enterobacteria and Pseudomonas spp.
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(M) £ standard
error of the mean

8.11+0.20

7.00 +0.55

6.11+0.84

2.89+1.11|2.22+0.88(1.11 +0.35(0.44 + 0.18(0.22 £ 0.15

Median

8.0

7.0

7.0

2.0 1.0 1.0 0.0 0.0

(M)*+ standard
error of the mean

8,69+ 0,22

7,80 +0,22

6,94 + 0,42

3,77+0,51|2,83£0,50{1,09 +0,18|0,66 + 0,14|0,34 + 0,11

Median

9,0

8.00

8.00

2.00 1.00 1.00 0.00 0.00

* — average value for all the tested strains.
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Figure 2. The degree of tolerance to chlorine
in E.coli and enterobacteria isolated from swabs
and plant raw materials

The comparison of chlorine sensitivity be-
tween Enterobacteriaceae bacteria isolated from
swabs and plant raw material and E.coli strains
from intestines showed that under the chlorine
concentration of 75-100 mg/dm?, the bacteria iso-
lated from plant raw material were less sensitive to
the antimicrobial power of chlorine-containing
products (Figure 2).

Pantoea enterobacteria demonstrated the high-
est tolerance to chlorine. This enterobacteria normal-
ly persists in the biotypes of plant and soil ecological
systems and is one of the most common representa-
tives of the family Enterobacteriaceae [2]. For ex-
ample, the Pantoea spp. strains Ne 30 and Ne 35 iso-

63



N.R. Efimochkina, 1.B. Bykova, Yu.V. Korotkevich, Yu.M. Markova, L.P. Minaeva, S.A. Sheveleva

lated from wheat grain were resistant to active chlo-
rine in the concentration of 100-150 mg/dm?, the de-
gree of inhibition under theswe conditions was by 3
logarithmic orders lower as compared to other isolat-
ed strains (Table 4, Figure 3).

Chlorine sensitivity of coliform bacteria
(CGB) isolated from plant raw materials as com-
pared to other representatives of the family Enter-
obacteriaceae was more expressed in some cases,
however we were not able to reveal significant dif-
ference given a small sample size.

The current practice of drinking water decon-
tamination implies that the selected quantity of
active chlorine meet the sanitary regulations and
standards (SanPiN) 2.1.4.1074-01] 3 ], at the same
time the content of residual chlorine shall not ex-
ceed 0,3-0,5 mg/dm®. For these purposes, the most
common concentration of active chlorine is from
50 to 100 mg/dm® under various length of treat-
ment (exposure).

In our experiment, active chlorine in the con-
centration of 100 mg/dm?® in the model environ-
ment decreased the density of bacterial populations
on average by 5 logarithmic orders, and in the con-
centration of 75 mg /dm3 — by 3-4 orders. Excep-
tion here is Ps. aeruginosa 6/6 strain isolated from
the equipment swabs: inhibition of the culture
could be reached only when exposed to active
chlorine in the concentration of 150-200 mg/dm?;
the strains showed almost zero sensitivity to lower
concentrations.

Conclusions

1. We studied the species composition of mi-
crobial contaminants of the plant raw materials and
equipment used in the production of biotechnological
products and fermented drinks; we isolated and stud-
ied using a series of culture-based and biochemical
indicators 85 enterobacteria cultures of which we
were able to identify the species of 46 strains of the
classes Enterobacter, Pantoea, Citrobacter, Serratia,
Escherichia, Cronobacter. Representatives of the
classes Enterobacter and Pantoea were detected
most frequently (approx.. 50%).

2. We developed and tested experimentally a
chromogenic model in vitro based on a display
test-system that allows conducting a quantitative
assessment of the degree of inhibition of gram-
negative microbial flora impacted by antimicrobi-
al products depending on the concentration of
biocides and density of bacterial populations.

3. Using the developed model, we conducted
a comparative analysis of the tolerance of entero-
bacteria strains isolated from various biotopes; we
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Figure 3. The growth of Pantoea spp. in the chromogen-
ic model exposed to various concentration of active
chlorine

tested sensitivity of 26 strains — contaminants of
plant raw materials and 9 E.coli strains isolated
from the intestines of laboratory animals — to chlo-
rine-containing biocidal products. Enterobacteria
from plant raw materials and swabs were most re-
sistant to the antimicrobial power of chlorine as
compared to the representatives of the population
of normal intestine microbiota.

4. It was revealed that active chlorine in the
concentration of 50-100 mg/dm® most commonly
used in the treatment of plant raw materials is not
effective against the family Enterobacteriaceae if
the density of the microbial population is higher
than 10°7 cells/cm®. If the reference level of enter-
obacteria contamination is below 10° cells/cm?®,
then treatment with solutions containing active
chlorine in the concentration of 75-100 mg/dm®
may effectively decontaminate raw materials and
equipment.
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5. Experimental chromogenic model in vitro ucts that are effective against other groups of mi-
proposed for conducting the inhibition effect of crobial contaminants which will provide for a more
chlorine-containing products on enterobacteria efficient use of the disinfecting modes for raw ma-
may be used to validate and select the concentra- terials and sanitary treatment of equipment in the
tions of working solutions of antimicrobial prod- food industry.
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