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Abstract

Hanus$ O., Ktizova L., Hajslova J., Lojza J., Klime$ova M., Jant L., Roubal P., Kopecky J., Jedelska R. (2018): Ef-
fect of increasing zearalenone levels on the coagulation properties of milk and the viability of yogurt bacteria.
Czech J. Food Sci., 36: 277-283.

The effect of increasing levels of zearalenone (ZEA) artificially supplemented to milk on the coagulation characteristics
and the viability of Lactobacillus bulgaricus and Streptococcus thermophilus was examinated. Cow milk was inoculated
with the yogurt culture YC-180 — YO-Flex and divided into 72, 25-ml flasks. Two samples were collected before fer-
mentation (0 h) and remaining 70 flasks were divided into 7 groups — control (C), Z0 with 0.5 ml of ethanol and Z10,
7100, Z250, Z500, and Z1000 that were spiked with ZEA to reach the final ZEA concentrations of 10, 100, 250, 500,
and 1000 pg/l, respectively. Samples were fermented at 43 + 2°C for 5 hours. Two samples per group were collected
at 1-h intervals and analysed on pH, titratable acidity, ZEA and count of Lb. bulgaricus and Str. thermophilus. The
addition of ZEA resulted in slower acidification in Z100, Z250, Z500, and Z1000. The highest ZEA binding capacity
(25%) was observed in Z10 and the lowest (3.1%) was found in Z1000.
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The contamination of milk and dairy products with
mycotoxins is directly related to the type and qual-
ity of diet ingested by lactating animals following
the metabolism of mycotoxins and their subsequent
excretion in milk (FLORES-FLORES et al. 2015). In
general, the levels of mycotoxins excreted in milk are
low (FLORES-FLORES ef al. 2015) and the rate of excre-
tion varies in dependence on many factors, including
nutritional (e.g. diet, rate of ingestion and diges-
tion) and physiological ones (e. g. biotransformation

capacity of liver, animal production and health) (DUARTE
et al. 2013; BECKER-ALGERI et al. 2016). Except of
aflatoxin (AFL) other mycotoxins such as zearale-
none (ZEA) (HUANG et al. 2014), T-2 toxin and de-
oxynivalenol (SORENSEN & ELBAEK 2005), fumonisins
(GAzzoTTI et al. 2009) or ochratoxin A (PATTONO
et al. 2011) have also been detected in milk and
dairy products. Recently, occurrence of ZEA up
to 12.5 pg/kg in milk was reported from Argenti-
na, Egypt, USA, UK and China (HUANG et al. 2014;
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FLORES-FLORES et al. 2015) and ZEA and its metabo-
lites were also detected in cow’s milk-based infant
formulas (MEUCCI et al. 2011).

In many fermented dairy products, natural inacti-
vation of mycotoxins was observed as a side effect of
fermentation. Recent studies focus on detoxification
activities of several lactic acid bacteria strains toward
other mycotoxins that may occur in milk, such as
ZEA (EL-NEzAMI et al. 2002; SANGSILA et al. 2016)
or ochratoxin A (FucHS et al. 2008).

The aim of the study was to examine the effect of
increasing levels of zearalenone artificially supple-
mented to milk on the coagulation characteristics
of milk and the growth and viability of Lactobacillus
delbrueckii subsp. lactis, Lactobacillus delbrueckii
subsp. bulgaricus and Streptococcus thermophilus.

MATERIAL AND METHODS

Preparation of ZEA solutions. A 50 mg/l stock
solution of ZEA was prepared from 50 mg of ZEA
(22125 Sigma; Sigma-Aldrich, Germany) that was
dissolved in 68.6% ethanol solution. From the stock
solution dilutions were prepared at the following con-
centrations: 0.5 mg/l, 5 mg/l, 12.5 mg/l and 25 mg/1.
These working solutions were used to spike milk
inoculated with yogurt culture to obtain final ZEA
concentrations of 10, 100, 250, 500 and 1000 pg/l.

Yogurt preparation. Two litres of bulk tank cow
milk (fat 3.89%, crude protein 3.24%, lactose 4.92%,
solids non fat 8.86 %, urea 32.5 mg/100 ml, acetone
3.2 mg/l, free fatty acids 0.9 mmol/100 g of milk fat,
somatic cell count 212 ths. in 1 ml; pH 6.84) were
obtained from commercial Holstein breed herd (milk
yield 8932 kg per lactation) for the experiment. Milk
was pasteurized in a water bath at 85°C for 5 min with
constant stirring, cooled to 43 + 2°C and inoculated
with the commercial thermophilic yogurt culture

Table 1. Design of the experiment
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YC-180 — YO-Flex (Chr. Hansen, Denmark) (Pack size,
power 50U for 200 | of milk) containing Streptococcus
thermophilus, Lactobacillus delbrueckii subsp. lactis
and Lactobacillus delbrueckii subsp. bulgaricus. This
basic milk was inoculated in accordance with producer
recommendation by lyophilized preparation with
weight dose relevant to 2 litres. The start counts of
microorganisms were: Streptococcus 9.1 x 107 CFU/ ml;
Lactobacillus 7 x 10° CFU/ml. Inoculated milk was
divided into 72 sterile Erlenmeyer flasks (25 ml/flask).
Two samples were collected before fermentation (0 h)
and were considered as a negative control. Remain-
ing 70 flasks were treated as described in Table 1 and
fermented at 43 + 2°C for 5 hours.

During the fermentation 2 samples from each group
were collected at 1-h intervals for 5 hours. Immediately
after collection, samples were cooled in the water
bath to room temperature and analysed on pH, SH,
a count of Lactobacillus delbrueckii subsp. lactis and
Lactobacillus delbrueckii subsp. bulgaricus and Str.
thermophilus, and occurrence of inhibition substances
(inhibition residues test, IRT). Furthermore, samples
were also visually and palpably tested for consistency
using 5-point scale according to IDF (1997). Samples
taken at 0, 3, and 5 h were also analysed on the ZEA
content.

Chemical analyses. The active acidity pH was
measured using a CyberScan 510 pH meter (Eutech
Instruments, Malaysia) which was calibrated by buf-
fer solutions (pH 4 and 7) at 20°C. Titratable acidity
(TA) was measured according to the standard CSN
57 0530 (1973). The fat, crude protein, lactose mono-
hydrate, solids non fat content, urea and acetone
concentration and free fatty acids in experimental
milk were determined by infrared spectroscopy with
Fourier transformation using instrument Bentley Dair-
ySpec FT which was calibrated regularly according to
results of relevant reference methods. The somatic
cell count was measured by fluoro-opto-electronic

Group Final ZEA concentration Treatment

C 0 control without zearalenone and ethanol
70 0 C + 0.5 ml of ethanol (68.6%)

Z10 10 pg/l C + 0.5 ml of zearalenone (conc. 0.5 mg/I)
7100 100 pg/1 C + 0.5 ml of zearalenone (conc. 5 mg/l)
7250 250 pg/l C + 0.5 ml of zearalenone (conc. 12.5 mg/1)
7500 500 pg/l C + 0.5 ml of zearalenone (conc. 25 mg/1)
71000 1000 pg/1 C + 0.5 ml of zearalenone (conc. 50 mg/1)
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flow cytometry using apparatus Bentley Somacount
300 (Bentley Instruments, USA), which was regularly
calibrated according to the results of direct microscopy.

Extraction and analysis of zearalenone. Zearale-
none (purity min. 98%) was purchased from Sigma-
Aldrich (Germany). Extraction step: An aliquot of 10 ml
of milk sample was mixed with 20 ml of water. Target
analytes were extracted using hydrophilic-lipophilic
balance (HLB) solid phase extraction (SPE) cartridges
(Oasis, Waters). Extraction procedure consisted of
following steps: (i) conditioning (10 ml methanol and
10 ml water), (ii) loading of diluted sample (15 ml),
(iii) washing out impurities (20 ml water and 5 ml 30%
methanol, v/v), and (iv) elution of the analytes (7 ml
methanol). Clean-up step: crude extract (SPE fraction
iv) was purified in two steps using: (i) liquid-liquid ex-
traction with cyclohexane : ethyl acetate (1: 1, v/v) and
(ii) gel permeation chromatography (GPC, Bio-Beads
S-X3, mobile phase cyclohexane : ethyl acetate,1: 1,
v/v). After addition 23 ml of water to 7 ml methanolic
SPE eluate (fraction iv) extraction was accomplished
with 50 ml of cyclohexane — ethyl acetate mixture.
Upper layer was removed and evaporated. The residue
was diluted in 3 ml of GPC mobile phase for. 1.5 ml
of the sample (corresponds to equivalent 3.5 ml of
milk) was injected onto GPC system. Analytes were
eluted in 7 ml fraction collected within 13-20 ml.
Eluate was evaporated and the residue was dissolved
in 0.5 ml of mobile phase prior to high-performance
liquid chromatography (HPLC) analysis.

HPLC analyses were performed by HP 1100 Series
(Hewlett Packard, USA) liquid chromatograph equipped
with DAD (diode array detector HP 1100 Series; Hewlett
Packard, USA). C18 Discovery (150 mm x 3 mm, 5 um)
column was used for sample separation. Mobile phase
(30% methanol v/v, gradient elution — 20 min 86%
methanol) flow rate was 0.7 ml/min; sample injection
volume was 20 pl; separation temperature was 45°C.
Analytes were monitored at 260 nm.

Enumeration of viable cells. The total count of the
bacteria of genus Streptococcus and Lactobacillus was
determined in the period of one hour. For the isolation
of Str. thermophilus the Streptococcus Thermophilus
Isolation Agar (HiMedia, India; pH 6.8) was used and
the plates were incubated at 36°C for 24—48 h, where
the growth control of Str. thermophilus was carried
out already after 24 hours. Used agar is also suitable
for L. bulgaricus growth but for the determination and
confirmation of our bacterial cultures was used the
following medium. For the isolation of Lb. delbrueckii
subsp. lactis and Lb. delbrueckii subsp. bulgaricus

the Lactobacillus Bulgaricus Agar Base (HiMedia,
India; pH 6.8) was used and the samples were incu-
bated at 36°C for 48—72 h under anaerobic conditions.
The method of decimal dilution was performed ac-
cording to CSN EN ISO 7218 (2008). Cell number
was expressed in log, ; CFU/ml. The microbiological
counts were determined in duplicates.

Test on inhibition substances. There was used milk
inhibition test (IRT) Delvotest T (DSM, Netherland)
for antibiotic residues testing with Geobacillus stearo-
thermophilus var. calidolactis as test microorganisms
(100 pl of sample on test position and cultivation
period 3 h at 64°C).

Data statistic treatment. The time and growth
curves were performed for experimental data sta-
tistic evaluation. Also basic statistic parameters and
linear regression were used MS Excel (Microsoft,
USA). Microbiological indicators were logaritmically
transformed (HANUS et al. 2001). The pair t-test was
used to determine significant (P < 0.05) differences
between zero ZEA concentrations and spiked samples
for acidity and microbiological indicators (pH, TA,
Lb. bulgaricus, and Str. thermophilus).

RESULTS AND DISCUSSION

The lowest concentration of ZEA (Z10) in our study
corresponded to concentration of ZEA either found
in milk after experimental feeding of ZEA-contami-
nated diets (DANICKE et al. 2014) or determined in
retail milk (HUANG et al. 2014; FLORES-FLORES et
al. 2015). The Z100 and Z250 reflected maximum
levels for ZEA in foodstuffs (Commission regulation
(EC) No. 1881/2006) and the two highest concen-
trations (2500 and Z1000) represented multiples of
previous values.
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Figure 1. Changes in pH values of fermented milk during
manufacture of yogurts in dependence on the amount of
spiked zearalenone (for abbreviations see Table 1)
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Table 2. Final values of pH and titratable acidity (SH) after 5 h of fermentation in dependence on the amount

of spiked zearalenone

Concentration of zearalenone (pg/1)

C Z0 710 7100 7 250 Z 500 71000
pH 4.73 4.80 5.49 5.46 5.21 5.14 5.13
Titratable acidity (°SH) 32.4 29.2 24.0 21.6 26.4 24.8 26.4

*see Table 1

Fermentation process. The pattern of changes in
pH during fermentation of the yogurts is given in
Figure 1. The pH of C and Z0 yogurts reached values
of4.73 and 4.8, respectively at the end of fermentation
suggesting that the ethanol had no effect on coagula-
tion properties of milk. On the other hand, the final
pH of all ZEA-spiked yogurts ranged between 5.1 and
5.5 with the highest values in Z10 and Z100 (Table 2).
The pH of both Z500 and Z1000 was almost parallel
suggesting that concentrations of ZEA exceeding
500 pg/l could have the same effect on pH values.
The addition of ZEA resulted in slower acidification
in 210, Z100, 2250, Z500 and Z1000 but this only
become evident after 3 h of fermentation. The pH
pair t-test value calculated for zero ZEA concentra-
tions (C and Z0) against spiked (from Z10 to Z1000)
sample values was 9.18 (n = 10, P < 0.001) (Table 2).
The pattern of TA changes during the fermenta-
tion had the opposite trend to pH (Figure 2). The
TA pair t-test value calculated for zero ZEA concen-
trations against spiked sample values was 7.32 (n = 10,
P < 0.001) (Table 2). The final TA values measured
in our study are comparable with HEJTMANKOVA
et al. (2000). The above mentioned parameters were
considered appropriate after 5 h of fermentation as
usual in other studies (KRIVOROTOVA et al. 2017).
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Figure 2. Changes in titratable acidity of fermented milk
during manufacture of yogurts in dependence on the
amount of spiked zearalenone (for abbreviations see
Table 1)
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The presence of ZEA appeared to decrease the
metabolic activity of yogurt bacteria. This may be
related to a negative effect of ZEA on viability of
cells as discussed later or to ZEA binding that was
the highest in Z10 and Z100. Although the mecha-
nism of mycotoxin binding abilities of Lactobacillus
strains has not been clearly described, recent findings
suggest that more mechanisms such as composition
of peptidoglycan layers, specific protein and carbohy-
drate components of cell wall, hydrophobicity of cell
surface, external physicochemical factors or solution
chemistry are involved in this process (SANGSILA
et al. 2016). Those machanisms may interact with each
other and influence the metabolic activity of yoghurt
bacteria. Further studies are needed in this area.

Although there are no comparable data on the effect
of ZEA on acidification rate of yogurts, according to
ARAB et al. (2012) the occurrence of AFL in fermented
milks was accompanied by longer fermentation time,
decreases in the growth, morphology, and activity rate
of starter cultures as well as by conversion of homo-
fermentative starter cultures into heterofermentative
ones. So we can suppose that ZEA can have at least
partly similar detrimental effects on the fermentation
process. This suggestion is supported by the results
of inhibition test in which C and Z0 samples were
negative while all ZEA-spiked yogurts regardless
of ZEA concentration showed slightly positive results
suggesting certain negative impact on the viability
of the test microorganism (data not shown). Fur-
thermore, consistency of all ZEA-spiked yogurts
evaluated after 5 h of fermentation ranged between
1 to 3 points and was worse than in C and Z0 samples
both receiving 5 points (data not shown).

Concentration of ZEA in model yogurts and de-
toxifying capability of yogurt culture. Concentra-
tion of ZEA in yogurts at the beginning of the trial
(0 h) and after 3 and 5 h of fermentation is given
in Table 3. Although C yogurts were not analysed,
ZEA was not detected in the Z0 yogurts suggesting
that also control samples were negative. Recovery of
about 76-106% was determined at 0 h after spiking
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Table 3. Concentration of zearalenone (ug/l) in yogurts after 3 and 5 h of fermentation

Concentration of zearalenone (ug/1)*

Fermentation

time (h) C Z0 Z 10 Z 100 Z 250 Z 500 7 1000
NA 0.0 7.6 89.2 264.3 469.3 897.2
NA 0.0 6.9 76.0 243.8 418.5 874.3
NA 0.0 5.7 79.7 236.1 429.6 869.7

NA - not analysed; *see Table 1

of the milk and it is in agreements with other studies
e.g. FLORES-FLORES and GONZALEZ-PENAS (2017).
Recently, several Lb. strains that are widely used
in food industry have been examined for their po-
tential to detoxify ZEA (SANGSILA et al. 2016). The
detoxifying ability of Lb. bulgaricus and Str. thermo-
philus that were used in our study is given in Figure 4.
The strains were capable of removing ZEA from spiked
yogurts but their detoxifying efficiency varied across
the initial ZEA concentrations. The highest binding
capacity was observed in Z10 after 5 h of incubation
and reached 25%. While detoxifying capability of
strains in 2100, Z250 and Z500 after 5 h of incubation
were closed ranging from 8.5 to 10.7%. The lowest
binding capability of only 3.1% was found in Z1000.
Similarly, to our study SANGSILA et al. (2016) found
that binding capacity differed across the initial concen-
trations of ZEA. They observed that binding efficien-
cies was below 50% with ZEA concentrations bellow
23.08 pg/ml. This is in agreement with our findings
and with FucHs et al. (2008). According to SANGSILA
et al. (2016) high availability of ZEA may also con-
tribute to the increase in the detoxifying capabilities
of Lb. pentosus strains. Furthermore, EL-NEZAMI
et al. (2002) reported strong binding capabilities of Lb.
rhamnosus GG and Lb. rhamnosus LC-705 not only for
ZEA but also for a-zearalenone with detoxifying levels
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Figure 3. Relationship of zearalenone (ZEA) concentration
in yogurts with milk from which they were made..

of 38 and 46%, respectively. Furthermore, recent stu
dies performed by VEGA et al. (2017) showed not only
the high stability of the complex bacteria—mycotoxin
but also the absence of ZEA metabolites in media.

The regression analysis between ZEA concentra-
tion in milk and yogurts (Figure 3) showed that the
concentration of ZEA in milk could be a good pre-
dictor of ZEA concentration in yogurts. Although
there are no comparable data concerning to ZEA and
yogurts study of BATTACONE et al. (2005) revealed
close relationship between AFM1 concentration
in milk and curd (R* = 0.80) and in milk and whey
(R? = 0.80). However, we are aware that a small num-
ber of samples is a limitation of our study. Thus to
confirm our findings more studies on higher number
of samples are required.

Viability of cells. A sum of Lb. bulgaricus and
Str. thermophilus found in all yogurts at the
end of fermentation (5 h) ranged between 8.95
and 8.79 log CFU/ml, with no significant variabil-
ity among the levels of ZEA supplementation (data
not shown). The Lb. delbrueckii growth in C and
Z0 after 5 h of fermentation was higher than in Z10,
72100, 2250, 2500, and Z1000. Similar situation was
in Str. thermophilus with higher counts in C and Z0
compared to Z10, 2100, Z250, Z500, and Z1000.
The longer time will be probably required for the
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Figure 4. Percent reduction in zearalenone concentration
after 3 and 5 h of fermentation.
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Figure 5. Counts (log CFU/ml) of Lactobacillus delbrueckii
ssp. bulgaricus and lactis during fermentation of milk
spiked with increasing levels of zearalenone. For abbre-
viations see Table 1

growth of ZEA spiked yogurts to reach the same
counts as C and Z0.

The effect of increasing levels of ZEA on the cell
counts of Lb. delbrueckii and Str. thermophilus de-
termined at 5 sampling times during the fermenta-
tion are also shown in Figures 5 and 6, respectively.
The microbial pair t-test values calculated for zero ZEA
concentrations (C and Z0) against spiked (from Z10
to Z1000) sample values for logarithmic forms were:
4.77 (n = 10, P < 0.001) (Figure 5) for Lb. bulgaricus;
9.81 (n = 10, P < 0.001) (Figure 6) for Str. thermo-
philus. In general, CFU values of Str. thermophilus
during and after fermentation were higher than those
of Lb. delbrueckii. As shown in the figures, supplemen-
tation with ZEA affected the growth of both bacteria
mainly between 2—4 h of fermentation with the most
obvious effect at 3 h of fermentation.

In the literature results of the effect of ZEA on the
growth and viability of cells are inconsistent because
ZEA exerts different mechanisms of toxicity in dif-
ferent dose and cell types (ZHENG et al. 2018). While
low doses of ZEA can exert the estrogen-like effects
and stimulate the proliferation of cells, high doses
of ZEA can cause cell death through inducing oxidative
stress, DNA damage, mitochondrial damage, cell cycle
arrest and apoptosis (ZHENG et al. 2018). Furthermore,
ZEA may exert the cytotoxic effects in the cells from
the tissues which have no estrogen receptors and the
estrogen-like effects in the cells from tissues with
estrogen receptors (ZHENG et al. 2018). However, it
should be noted that the effect of ZEA on viability
of various cells was studied after longer exposure
periods varying somewhere between 24 h and 7 days
(ZHENG et al. 2018). Nevertheless, decreased viability
of cells after 24 h ZEA exposure mentioned in some
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Figure 6. Counts (log CFU/ml) of Streptococcus ther-
mophilus during the fermentation of milk spiked with
increasing levels of zearalenone. For abbreviations see
Table 1

studies (BENZONI et al. 2008) suggest that ZEA could
have detrimental effect on the viability of yogurt
culture as well. This suggestion is supported by our
findings that all ZEA-spiked yogurts showed slightly
positive reaction in inhibition test as mentioned above.
Furthermore, according to DONKOR et al. (2006) vi-
ability of Lactobacillus spp. and Bifidobacterium spp.
in food are influenced by many factors mainly by the
pH, the concentration of some metabolites resulting
from fermentation (lactic and acetic acids) and the
presence of hydrogen peroxide and dissolved oxygen,
the medium buffering capacity, the probiotic strains
used or the storage temperature. Further studies are
needed on short-time effects of ZEA on cells.

CONCLUSIONS

The present study showed that fermentation process
and the viability of Lb. delbrueckii and Str. thermophilus
during the fermentation were negatively influenced
by the presence of zearalenone in milk. These ef-
fects were the most obvious at 3 h of fermentation.
The detoxifying ability of above mentioned strains
determined after 5 h of fermentation ranged between
3.1 and 25% and was dependent on the initial zearale-
none concentrations.
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