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Several strains of lactic acid bacteria (LAB), frequently used in food fermentation and preser-
vation, have been reported to bind different types of toxins in liquid media. This study was
carried out to investigate the effect of different concentrations of Lactobacillus rhamnosus GG
(ATCC 53103) to bind aflatoxin M1 (AFM1) in liquid media. AFM1 binding was tested following
repetitive washes or filtration procedures in combination with additional treatments such
as heating, pipetting, and centrifugation. The mixture of L. rhamnosus GG and AFM1 was
incubated for 18h at 37°C and the binding efficiency was determined by quantifying the
unbound AFM1 using HPLC. The stability of the complexes viable bacteria-AFM1 and heat
treated bacteria-AFM1 was tested. Depending on the bacterial concentration and procedure
used, the percentages of bound AFM1 by L. rhamnosus GG varied from as low as undetectable
to as high as 63%. The highest reduction in the level of unbound AFM1 was recorded for the
five washes procedure that involved heating and pipetting. Results also showed that bind-
ing was partially reversible and AFM1 was released after repeated washes. These findings
highlight the effect of different treatments on the binding of AFM1 to L. rhamnosus GG in
liquid matrix.
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Introduction

Aflatoxins (AF) are toxic metabolites that are produced by dif-
ferent kinds of fungi, namely Aspergillus flavus and Aspergillus
parasiticus.! AF production on food, is dependent on mold
growth under specific humidity and temperature conditions.
It occurs at different stages of food processing, transportation,
and storage of crops.??

Aflatoxin B1 (AFB1) contained in animal feed is absorbed
by the animal’s gastrointestinal tract and later converted in
the liver into Aflatoxin M1 (AFM1).* AFM1 could be detected in
the blood of the animal within 15 min of AFB1-contaminated
food ingestion and is then secreted in the milk of lactating
animals.»> AFM1 is stable during all stages of dairy processing
including sterilization and pasteurization.” To date, some of
the best ways to control and prevent AF contamination in
food and feed has been performed by improving agricul-
tural practices, in addition to a better control of product
storage conditions. AFM1 is not only considered to be car-
cinogenic and hepatotoxic to humans only but also to other
animal species.® During the early stages of its discovery, the
International Agency for Research on Cancer (IARC) classified
AFM1 as a group 2B carcinogenic agent.” Further investi-
gations on its toxicity led to its transfer to the group 1
human carcinogen.® The maximum acceptable level of AFM1
in milk has been defined by most countries and ranges
from as low as 0.05pg/kg, as settled up by the European
Union,” to 0.5pg/kg, as settled up by the Food and Drug
Administration.'”

Until now, different types of either chemical, physical
or biological agents have been tested for their abil-
ity to remove AF from feed and food.'™'? It has been
reported that the use of lactic acid bacteria (LAB) and
other microorganisms reduce mold growth and subse-
quently AF production in foodstuffs.'>'* Several strains
of LAB, including some probiotics, have been reported to
effectively bind AF in contaminated milk and media.’>?!
Although the stability of the complex formed between
AF and bacteria was previously evaluated,’®???3 still the
mechanism of binding between AF and LAB has not
been fully clarified yet. It was though that AF bind to
cell wall components, including both polysaccharides and
peptidoglycans.’* Both hydrogen bonds and Van der Waals
interactions have been precisely identified to be involved in
AF binding.?%°

Several treatments used in AF binding assays were
previously tested such as repetitive washes and/or heat
treatment.'®292223 Specifically, in our work we will study
the effect of these treatments on AFM1 binding to Lac-
tobacillus rhamnosus GG in liquid medium and on the
stability of L. rhamnosus GG/AFM1 complex. In addi-
tion, other original treatments of filtration, centrifugation
and pipetting were also evaluated and compared. The
tested procedures such as pipetting and centrifugation
provide different practical applications that could be opti-
mized and used at an industrial scale to reduce AFM1
bioavailability.

Materials and methods
Bacterial strain and growth conditions

L. rhamnosus GG (ATCC 53103) was purchased, as lyophilized
powder, from Microbiologics (St. Cloud, MN, USA). This strain
was chosen based on its use in various food products and on
its ability to bind different types of food mutagens.?>?° L. tham-
nosus was incubated for 24 h in de Man-Rogosa-Sharpe (MRS)
broth (Himedia, Mumbai, India) under aerobic conditions at
37°C. The estimation of bacterial cell concentration in the
culture was determined by the turbidimetric method.?” Using
the absorbance measured by a spectrophometer (Thermo
Fisher Scientific, MA, USA) at 600nm, the bacterial concen-
tration curve over a period of 24h was constructed. After
dilution and incubation in MRS agar (Himedia) at 37 °C for 48 h
under aerobic conditions, the logarithmic value of the bacte-
rial concentration was obtained using solid media counting
method.”® The equation of the bacterial cell concentration in
MRS medium was then generated with a compliant coefficient
of determination (R? =0.999).

AFM1 binding assay

A standard of AFM1 (10 pg/mL), suspended in acetonitrile,
was obtained from Sigma (St. Louis, MO, USA). To prepare
solutions A and B with a concentration of 100pg/L and
50 ng/L, respectively, the AFM1 stock solution was diluted
with phosphate-buffered saline (PBS; pH 7.4, 0.05% Tween
20, v/v). Prior to PBS addition, the acetonitrile was evapo-
rated by heating the solutions, in a water bath, at 80°C for
10 min. Cell counts of bacterial suspensions were dictated by
the generated bacterial cell concentration equation. Following
the centrifugation of the suspensions at 3000 x g for 10 min,
bacterial pellets were washed with 5mL of sterile deionized
water to avoid the effect of the bacterial concentration on
AFM1 removal.’> For the purpose of the experiment, bacte-
rial pellets of 5x 108 CFU and 10% CFU were prepared. The
pellets of 5 x 108 CFU were re-suspended in 1mL of solution
A (100 pg/L) in 1.5mL microtubes (Eppendorf AG, Hamburg,
Germany) while those of 10'° CFU were re-suspended in 1mL
of solution B (50 pg/L) in 14mL tubes (Falcon, Corning Inc.,
NY, USA). The bacterial pellets used for AFM1 binding were
even previously heat treated (1h at 90°C) or not. All suspen-
sions were incubated at 37°C for 18h. A previous pipetting
of the suspensions was conducted prior to the incubation
for the treatments that included pipetting. Bacterial suspen-
sions of 5 x 108 CFU/mL were then centrifuged at 3000 x g for
10min and/or filtered as described below (“Effect of Filtra-
tion on AFM1 Quantification” section) while suspensions of
10'° CFU/mL were directly centrifuged (3000 x g for 10min)
after incubation. Supernatants were collected and the concen-
tration of unbound AFM1 was determined by HPLC. Negative
(only bacteria suspended in PBS) and positive control (only
AFM1 in PBS) were also included.
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Effect of filtration on AFM1 quantification

The effect of the filtration on the separation of AFM1 from
L. rhamnosus GG (ATCC 53103) was studied. Due to the vol-
ume retention in the filter cake space, it was necessary to
increase the volume of the suspension, although the bacterial
concentration was kept constant at 5 x 108 CFU/mL and exper-
iments were done with both viable and heat treated bacteria.
All heat treated (90 °C for 1h) and viable bacterial suspensions
were pipetted till homogenization before their incubation at
37°C for 18h in AFM1 solution. In order to study the effect
of coupling the steps of centrifugation and filtration on AFM1
adsorption, bacteria were either centrifuged then filtered or
filtered directly without a preceding step of centrifugation.
Prior to their analysis, all samples were passed through the
porous membrane of a syringe filter (Minisart, Sartorius AG,
Gottingen, Germany) having a pore diameter of 0.45 pm.

Effect of heat treatment and pipetting on AFM1 binding

After being suspended in 1mL of either solution A or B, sus-
pensions of both bacterial concentrations (5 x 108 CFU/mL and
10% CFU/mL) were pipetted till complete homogenization for
treatments that required pipetting. The used bacterial pel-
lets where previously heat treated in a water bath at 90°C
for 1h or kept untreated. After incubation at 37°C for 18h,
all samples were centrifuged at 3000 x g for 10 min. Then, the
supernatants of each of the samples were collected and the
residual AFM1 was quantified by HPLC.??

Effect of washes on L. rhamnosus GG/AFM1 complex

After performing the binding assay as described earlier and
following the incubation of the samples for 18h at 37°C, the
effect of washes on L. rhamnosus GG/AFM1 complex was tested
by quantifying the amount of unbound AFM1. Supernatant
was collected and the residual AFM1 was quantified by HPLC.
Bacterial pellets were washed by suspending each in 1mL of
PBS, then kept at room temperature for 10 min. Once cen-
trifuged, supernatants were collected and residual AFM1 were
quantified by HPLC.?> The washing step was repeated five
times.

Residual AFM1 quantitation

After incubation of bacteria with AFM1, the remaining AFM1
in the supernatant were quantified using reverse-phase HPLC
(Waters 2690®, Waters Corp., MA, USA) coupled with a fluo-
rescence detector (Waters 2475®) and a (Supelco Discovery®)
C18 column (250mm x4.6mm ID., 5pm particle diame-
ter) fitted with a C18 guard column (Supelco Supelguard®,
Sigma-Aldrich Co., MO, USA). The mobile phase was com-
posed of Milli-Q-water/acetonitrile/methanol (68/24/8, v/v/v)
with a flow rate of 1 mL/min. The injection volume was 20 pL.
Detection was done by fluorescence and the wavelengths for
excitation and emission were set at 360 and 430 nm respec-
tively. The AFM1 retention time was 7.5min. A calibration
curve was constructed with AFM1 standard (Sigma-Aldrich,
MO, USA) at concentrations ranging from 0.1 to 100 pg/L.

Table 1 - Effect of filtration (coupled or not with

centrifugation), heating and pipetting on L. rhamnosus
(5 x 102 CFU) binding capacity to AFM1 (100 pg/L).

Treatment Viable Heat % AFM1

treated  bound+SD’

Filtration  Centrifugation

+ — — — 45.1 + 0.2

+ - + - 41.94 +0.3°

+ - - + 41.43 + 0.4°

+ + + - 33.34 + 0.25%°

+ + — + 49.71 £ 0.2%:

Indicates a significant binding difference (p <0.05) between:

@ Viable and heat treated bacteria.

b Filtration of viable bacteria coupled with centrifugation or not.

¢ Filtration of heat treated bacteria coupled with centrifugation or
not.
d Results are the average + SD (standard deviation) for triplicate
samples.

Statistical analysis

All assays were carried out in triplicate. Two-way ANOVA
was conducted using SPSS 19.0 statistical software (SPSS Inc.,
Chicago, IL, USA) to identify significant differences between
the different procedures. Results with a p<0.05 were consid-
ered statistically significant.

Results and discussion
Complex stability in filtration procedure

We studied the stability of the complex L. rhamnosus GG/AFM1
at different experimental conditions: filtration, heating, cen-
trifugation and pipetting. The effect of the filtration treatment
is highlighted in Table 1. Prior to testing the efficiency of L.
rhamnosus GG to bind AFM1, filtration was shown to signifi-
cantly retain AFM1 where 45.1+0.2% (p <0.05) were retained
by this process. The filter may have been involved in AFM1
retention by acting as a barrier to AFM1 passage. This barrier
effect may be caused by the adsorption of AFM1 to the filter
membrane. In addition, the retention of a certain quantity of
AFM1 in the filter cake space and in the cavities of the filter
membrane may also explain this high retention rate that will
possibly increase the margin of error throughout the filtration
procedure. Furthermore, filtration of the supernatant prior to
AFM1 quantification (HPLC, ELISA, etc.) may lead to inaccurate
results.

In the assessment of the binding efficiency using viable
bacterial cells, the combination of pipetting and filtration
coupled to a centrifugation step seemed to be less efficient
in binding AFM1 (33.34%) than that without centrifugation
(41.94%). Whereas, an inverse result was obtained when the
assessment was done with heat treated bacteria which bind
49.71% of AFM1 when treated by pipetting and filtration cou-
pled to a centrifugation step and only 41.43% when treated by
pipetting and filtration without centrifugation. Moreover, the
comparison between viable and heat treated bacteria showed
a significant difference (p<0.05) when a centrifugation step



BRAZILIAN JOURNAL OF MICROBIOLOGY 49 (2018)120-127 123

was introduced. The percentage of bounded AFM1 signifi-
cantly increased from 33.34% to 49.71% after heat treatment.
Thus, centrifugation appears to have a significant impact on
AFM1 binding. This effect might be due to the increase of con-
tact between the specific surface of the bacteria and AFM1.
Additionally, heat treatment before centrifugation may have
further increased the specific surface of the bacteria. This may
have evolved from the formation of electrostatic bonds such
as hydrogen and Van der Waals bonds.?#?> We hypothesize
that centrifugation of viable bacteria leaded to a possible dis-
ruption of a number of electrostatic bonds formed with AFM1.
This decrease in AFM1 binding was not compensated by any
increase in the bacterial specific surface. On the other hand,
this increase in AFM1 binding after heat treatment combined
with centrifugation step was possibly due to an increase in the
number of electrostatic bonds formed with AFM1 following
their previous disruption induced by heating.

Complex stability in five washes procedure

The effects of heating, pipetting and five washes treat-
ments in addition to their coupling effects are highlighted in
Tables 2 and 3 when using different bacterial concentrations
(5 x 108 CFU/mL and 10'° CFU/mL). At a bacterial concentra-
tion of 5x 108 CFU/mL and AFM1 concentration of 100 wg/L,
not all the treatments showed significant differences in the
binding of AFM1 (Table 2).

Stability at a bacterial concentration of 5 x 108 CFU/mL

Heat treatment and heating coupled with pipetting showed
a significant effect on the amount of bounded AFM1 that
was respectively revealed by an increase of 1.62% (from BDL:
below detection limit to 1.62%; p <0.05) and a decrease of 1.38%
(from 1.38% to BDL; p <0.05). Moreover, when heating was fol-
lowed by the five washes treatment no significant effect on the
amount of bounded AFM1 was observed (from BDL to 0.37%;
p>0.05). When heating was coupled with five washes and
pipetting treatments a significant decrease in bounded AFM1
was shown (from 0.51% to BDL; p <0.05). Actually, the treat-
ments in combination with heating (pipetting and pipetting
combined with five washes) showed a decrease in the binding
of AFM1. This decrease in AFM1 binding may be caused by a
disruption of a number of electrostatic bonds due to the used
treatments.

Pipetting treatment and pipetting coupled with five washes
treatment showed a significant binding difference with an
increase of 1.38% (from BDL to 1.38%,; p <0.05) and 0.51% (from
BDL to 0.51%; p < 0.05) of the amount of bounded AFM1 respec-
tively. Thus, due to the absence of detectable AFM1 binding
before pipetting or washing, these treatments may have initi-
ated this binding by increasing the contact between bacteria
and AFM1. In addition, when pipetting was coupled with heat
treatment a significant decrease of 1.62% (from 1.62% to BDL;
p<0.05) of the amount of bounded AFM1 was shown. This
decrease in binding is possibly due to the increase of the
applied forces on the bacteria. On the other hand, no signifi-
cant difference in AFM1 binding was observed after coupling
pipetting with heating and washing treatments (from 0.37% to
BDL; p>0.05).

Five washes coupled with heating and five washes coupled
with pipetting treatment showed a significant binding differ-
ence with a decrease of 1.25% (from 1.62% to 0.37%; p <0.05)
and 0.87% (from 1.38% to 0.51%; p<0.05) of the amount of
bounded AFM1 respectively. Furthermore, the percentage of
bounded AFM1 after five washes treatment and five washes
combined with pipetting and heat treatments were all BDL.
Therefore, the five washes effect is not clearly shown at a
bacterial concentration of 5 x 108 CFU/mL.

Stability at a bacterial concentration of 10'° CFU/mL

In the five washes procedure, after increasing the number of
L. thamnosus GG to 10 CFU as previously used in other AF
binding assays'®?? and decreasing the concentration of AFM1
to 50 ug/L, results showed a significant difference in AFM1
binding in all treatments (Table 3). The binding of AFM1 to L.
rhamnosus GG increased from less than 2% to more than 50%,
which is a normal increase between bacterial concentration
and the bounded amount of AFM1.

Heat treatment and heating coupled with five washes
treatment showed a significant difference in the amount of
bounded AFM1 with an increase respectively of 2.43% (from
56.43% to 58.86%; p <0.05) and 2.65% (from 53.06% to 55.71%;
p<0.05). In addition, when heating was combined with pipet-
ting treatment, higher significant binding increase of 7.46%
(from 55.62% to 63.08%; p < 0.05) was observed. Similarly, when
heating was coupled with pipetting and washing treatments a
significant increase in AFM1 binding of 8.35% (from 51.32% to
59.67%; p <0.05) was shown. Thus, we hypothesize that in the
absence of pipetting, bacterial aggregate and heat treatment
promotes formation of inter and intra bacterial bonding, leav-
ing possibly the superior layer of this mass mostly exposed
to AFM1. These results emphasize the implication of bac-
terial surface in AFM1 binding, this is in compliance with
others who reported the implication of the bacterial cell wall
polysaccharide and peptidoglycan as the two main elements
in mutagens binding to LAB.??-3? Furthermore, the positive
effect observed after heat treatment on AFM1 binding was in
accordance with other previous studies. Elsanhoty et al. while
studying the detoxification of AFM1 in yoghurt using probio-
tics and LAB found that heat treatment of L. rhamnosus can
significantly increase its binding to AFM1.?? Similarly, Haskard
et al. showed that a significant increase in the binding of AFB1
by heat treated L. rhamnosus GG was observed.”®> Therefore,
we speculate that heat treatment may increase the disrup-
tion of the inter and intra-bacterial electrostatic bonds, and
consequently the surface of the bacteria becomes free to form
additional bonds with AFM1.

Pipetting treatment and pipetting coupled with five washes
treatment showed a significant binding difference with a
decrease of 0.8% (from 56.43% to 55.62%; p <0.05) and of 1.74%
(from 53.06% to 51.32%; p <0.05) respectively in the amount of
bounded AFM1 to viable bacteria. These decreases may pos-
sibly be due to the increase in the forces exerted on bacteria
leading to the disruption of a number of electrostatic bonds
formed with AFM1. In contrast, when pipetting was combined
with heat treatment a significant increase in the amount of
bounded AFM1 of 4.22% (from 58.86% to 63.08%; p <0.05) was
observed. This increase may be explained by the exposition
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Table 2 - Effect of pipetting, heating and five washes treatments on L. rhamnosus (5 x 108 CFU) binding capacity to AFM1

(100 p.g/L) before (initial) and after (final) up to five washes with PBS.

Treatment % AFM1 bound + SD
Viable Heat treated
Initial Final Initial Final
Without pipetting BDL#4 BDLf 1.624+0.215%¢:8 0.37 £0.258
With pipetting 1.38+0.2%4.0 0.5140.23%50 BDL® BDL®

Results are the average + SD for triplicate samples. BDL: below HPLC detection limit (0.03 pug/L).

Indicates a significant binding difference (p <0.05) between:

@ Viable and heat treated bacteria (without pipetting or five washes treatments).

® A n o

-

5 oo

Viable and heat treated bacteria after pipetting treatment (without five washes treatment).
Viable and heat treated bacteria after pipetting and five washes treatments.

Pipetted and non-pipetted bacteria (without five washes or heat treatments).

Pipetted and non-pipetted bacteria after heat treatment (without five washes treatment).
Pipetted and non-pipetted bacteria after five washes treatment (without heat treatment).
Washed and non-washed bacteria after heat treatment (without pipetting treatment).
Washed and non-washed bacteria after pipetting treatment (without heat treatment).

of the totality of the bacterial specific surface to AFM1. The
released quantity after pipetting was probably compensated
by an increase in the bacterial specific surface caused by the
possible disruption of electrostatic bonds after heat treatment.
Similarly, when pipetting was coupled with heating and five
washes treatments the percentage of bounded AFM1 signifi-
cantly increased by 3.96% (from 55.71% to 59.67%; p <0.05).

Five washes and its coupling treatments showed a signif-
icant negative effect on the amount of bounded AFM1. The
decreased amount of bounded AFM1 in five washes steps
and five washes coupled with heat treatment was respec-
tively 3.37% (from 56.43% to 53.06%; p <0.05) and 3.15% (from
58.86% to 55.71%; p < 0.05). Furthermore, when the five washes
treatment was coupled with pipetting or with heating and
pipetting treatments the amount of bounded AFM1 signifi-
cantly decreased by 4.3% (from 55.62% to 51.32%; p <0.05) and
3.41% (from 63.08% to 59.67%; p < 0.05) respectively. This partial
reversibility of binding between bacteria and AFM1 presents
an evidence of the presence of a non-covalent type of bonds
as hydrogen and Van der Waals interactions as it was previ-
ously reported. Yiannikouris et al. found that beta-p-glucans, a
cell wall component of many microorganisms was implicated
via these interactions in the binding of AF and other types of
mycotoxins.?

Stability after each washing step

The effect of successive washing steps on the AFM1
binding by viable and heat treated L. rhamnosus GG is
presented in Figs. 1 and 2. Previously pipetted viable
and heat treated bacteria showed a significant decrease
in the percentage of bounded AFM1 (p<0.05) of 3.84%
after the first two washes of viable bacteria and of
1.89% after the first wash of heat treated bacteria with
a trend to a decrease in the following washes (Fig. 1).
After five washes, the total residual amount of AFM1 with
viable and heat treated bacteria was respectively 4.3% and
3.41%.

However, non-pipetted viable and heat treated bacteria
showed a significant decrease in the percentage of bounded
AFM1 (p<0.05) of 2.68% and 2.52% respectively after the first
two washes with a trend to a decrease in the following washes
(Fig. 2). After five washes, the total residual amount of AFM1
with viable and heat treated bacteria was respectively 3.37%
and 3.15%.

Therefore, after washing the L. rhamnosus GG/AFM1 com-
plexes with PBS, significant amounts of unbound AFM1 were
released back into solution. This reversible binding may be
due to unbound AFM1 stacked among the bacterial cells.

Table 3 - Effect of pipetting, heating and five washes treatments of L. rhamnosus (10'° CFU) on AFM1 (50 pg/L) binding

before (initial) and after (final) up to five washes with PBS.

Treatment % AFM1 bound + SD
Viable Heat treated
Initial Final Initial Final
Without pipetting 56.43 + 0.12% 53.06 + 0.2% 58.86 + 0.1% 55.71 £ 0.22
With pipetting 55.62 + 0.22 51.32 + 0.32 63.08 + 0.3% 59.67 + 0.4°

Results are the average + SD for triplicate samples.

a All treatments (pipetting, heating and five washes) and their combinations showed a statistically significant binding difference (p <0.05).
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*Indicates a significant difference between each step and its prervious (P<0.05).

Fig. 1 - Effect of washes on L. rhamnosus GG/AFM1 complex stability. Binding was determined after viable and heat treated
bacteria (10'° CFU) were incubated with AFM1 (1 mL, 50 pg/L) at 37 °C for 18 h with previous pipetting. The complexes
formed were exposed to five washes with 1 mL of PBS and the residual AFM1 was quantified. Error bars represent the SD

(standard deviation).

Additionally, due to the washing steps the disruption of
the weak bonds established with AFM1 might increase the
amount of residual AFM1.

Accordingly, the use of L. rhamnosus may provide a poten-
tial element to detoxify liquid products such as milk and
needs further studies to elucidate its application. In addition,
it may be important to optimize the binding of L. rhamnosus

*

57 ==

54 :
53
52
51
50

Binding Wash 1
at18h

% AFM1 remaining bound to the bacteria

E

Wash 2

GG to AFM1 by assessing the effect of several experimental
parameters for example: incubation time, temperature and
centrifugal force. Furthermore, the binding of AFM1 to L. rham-
nosus GG using different treatments such as pipetting and
centrifugation can be additionally studied for possible indus-
trial application during milk processing in order to reduce
AFM1 bioavailability. Thus, using a customized industrial

H Viable
Heat treated

Wash 3 Wash 4 Wash 5

Indicates a significant difference between each step and its previous (P<0.05).

Fig. 2 - Effect of washes on L. rhamnosus GG/AFM1 complex stability. Binding was determined after viable and heat treated
bacteria (10'° CFU) were incubated with AFM1 (1 mL, 50 pg/L) at 37 °C for 18 h without previous pipetting. The complexes
formed were exposed to five washes with 1 mL of PBS and the residual AFM1 was quantified. Error bars represent the SD.
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agitator that could increase the contact between L. rhamno-
sus GG and AFM1 by combining the effects of pipetting and
centrifugation may lead to increase the binding of AFM1 in
milk and other liquid foods.

Conclusions

In this study, different procedures for binding of AFM1 by L.
rhamnosus GG were used. Heat treatment of L. rhamnosus GG
significantly increased AFM1 binding in a five washes pro-
cedure. In addition, pipetting and centrifugation of bacteria
after a heat treatment increased the percentage of bound
AFM1. The reversibility of binding was shown with the bacte-
rial washing steps, suggesting the implication of non-covalent
electrostatic bounds, such as hydrogen bonds and Van der
Waals interactions. In addition, filtration appears to be inef-
ficient compared to the five washes procedure. This work
highlights the ability of L. rhamnosus GG as a potential binder
of AFM1 in liquid foods such as milk.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments
This work was supported by the research council and the
research and analysis center (CAR) at Saint-Joseph University

(US)).

REFERENCES

1. Harper A. An Occasional Contaminant of Feed Grains. Livestock
Update. Virginia Cooperative Extension; 2003.

2. Sweeney MJ, Dobson AD. Mycotoxin production by
Aspergillus, Fusarium and Penicillium species. Int ] Food
Microbiol. 1998;43(3):141-158.

3. Creppy EE. Update of survey, regulation and toxic effects of
mycotoxins in Europe. Toxicol Lett. 2002;127(1-3):19-28.

4. Battacone G, Nudda A, Cannas A, Borlino AC, Bomboi G,
Pulina G. Excretion of aflatoxin M1 in milk of dairy ewes
treated with different doses of aflatoxin B1. J Dairy Sci.
2003;86(8):2667-2675.

5. Fallah AA. Assessment of aflatoxin M1 contamination in
pasteurized and UHT milk marketed in central part of Iran.
Food Chem Toxicol. 2010;48(3):988-991.

6. Hussein HS, Brasel JM. Toxicity, metabolism, and impact of
mycotoxins on humans and animals. Toxicology.
2001;167(2):101-134.

7. Caloni F, Stammati A, Friggé G, De Angelis I. Aflatoxin M1
absorption and cytotoxicity on human intestinal in vitro
model. Toxicon. 2006;47(4):409-415.

8. IARC monographs on the evaluation of carcinogenic risks to
humans. 82. https://monographs.iarc.fr/ENG/Monographs/
vol82/mono82.pdf. Accessed 30.10.16.

9. European Commission. Commission Regulation (EC) No.
1881/2006 of 19 December 2006 setting maximum levels for
certain contaminants in foodstuffs. Off ] Eur Union.
2006;L.364:5-24.

10. Food and Drug Administration - FDA. Compliance Program
Guidance Manual; 2005. http://www.fda.gov/downloads/

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

animalveterinary/guidancecomplianceenforcement/
complianceenforcement/ucm113409.pdf. Accessed 31.03.16.
Jaynes WF, Zartman RE. Aflatoxin toxicity reduction in feed
by enhanced binding to surface-modified clay additives.
Toxins. 2011;3(6):551-565.

Nkana I. Review: prevention, elimination and detoxification
of aflatoxins in foods and agricultural commodities. Niger
Food J. 1987;5:90-100.

Mokoena MP, Chelule PK, Ggaleni N. The toxicity and
decreased concentration of aflatoxin B1 in natural lactic acid
fermented maize meal. ] Appl Microbiol. 2006;100(4):773-777.
Alberts JF, Gelderblom WCA, Botha A, Van Zyl WH.
Degradation of aflatoxin B 1 by fungal laccase enzymes. Int J
Food Microbiol. 2009;135(1):47-52.

El-Nezami H, Kankaanp&é P, Salminen S, Ahokas J.
Physicochemical alterations enhance the ability of dairy
strains of lactic acid bacteria to remove aflatoxin from
contaminated media. ] Food Prot. 1998;61(4):466-468.
Peltonen K, EI-Nezami H, Haskard C, Ahokas J, Salminen S.
Aflatoxin B1 binding by dairy strains of lactic acid bacteria
and bifidobacteria. J Dairy Sci. 2001;84(10):2152-2156.
Zinedine A, Faid M, Benlemlih M. In vitro reduction of
aflatoxin B1 by strains of lactic acid bacteria isolated from
Moroccan sourdough bread. IntJ Agric Biol. 2005;7(1):67-70.
Shahin AAM. Removal of aflatoxin B1 from contaminated
liquid media by dairy lactic acid bacteria. Int J Agric Biol.
2007;9:71-75.

Dalié DKD, Deschamps AM, Richard-Forget F. Lactic acid
bacteria — potential for control of mould growth and
mycotoxins: a review. Food Control. 2010;21(4):370-380.

El Khoury A, Atoui A, Yaghi J. Analysis of aflatoxin M1 in milk
and yogurt and AFM1 reduction by lactic acid bacteria used
in Lebanese industry. Food Control. 2011;22(10):1695-

1699.

Bovo F, Corassin CH, Rosim RE, de Oliveira CA. Efficiency of
lactic acid bacteria strains for decontamination of aflatoxin
M1 in phosphate buffer saline solution and in skimmed
milk. Food Bioprocess Technol. 2013;6(8):2230-2234.

Elsanhoty RM, Salam SA, Ramadan MF, Badr FH.
Detoxification of aflatoxin M1 in yoghurt using probiotics
and lactic acid bacteria. Food Control. 2014;43:129-134.
Haskard CA, El-Nezami HS, Kankaanpaa PE, Salminen S,
Ahokas JT. Surface binding of aflatoxin B1 by lactic acid
bacteria. Appl Environ Microbiol. 2001;67(7):3086-3091.

Shetty PH, Jespersen L. Saccharomyces cerevisiae and lactic
acid bacteria as potential mycotoxin decontaminating
agents. Trends Food Sci Technol. 2006;17(2):48-55.
Yiannikouris A, André G, Poughon L, et al. Chemical and
conformational study of the interactions involved in
mycotoxin complexation with beta-b-glucans.
Biomacromolecules. 2006;7(4):1147-1155.

El-Nezami H, Polychronaki N, Salminen S, Mykkéanen H.
Binding rather than metabolism may explain the interaction
of two food-grade lactobacillus strains with zearalenone and
its derivative a-zearalenol. Appl Environ Microbiol.
2002;68(7):3545-3549.

Begot C, Desnier I, Daudin JD, Labadie JC, Lebert A.
Recommendations for calculating growth parameters by
optical density measurements. ] Microbiol Methods.
1996;25(3):225-232.

Wehr HM, Frank JF. Standard Methods for the Examination of
Dairy Products. American Public Health Association; 2004.
http://ajph.aphapublications.org/doi/book/10.2105/
9780875530024. Accessed 10.01.2017.

Hosono A, Yoshimura A, Otani H. Desmutagenic property of
cell walls of Streptococcus faecalis on the mutagenicities
induced by amino acid pyrolysates. Milchwissenschaft.
1988;43(3):168-170.


http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0165
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0170
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0175
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0180
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0185
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0190
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0195
https://monographs.iarc.fr/ENG/Monographs/vol82/mono82.pdf
https://monographs.iarc.fr/ENG/Monographs/vol82/mono82.pdf
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0205
http://www.fda.gov/downloads/animalveterinary/guidancecomplianceenforcement/complianceenforcement/ucm113409.pdf
http://www.fda.gov/downloads/animalveterinary/guidancecomplianceenforcement/complianceenforcement/ucm113409.pdf
http://www.fda.gov/downloads/animalveterinary/guidancecomplianceenforcement/complianceenforcement/ucm113409.pdf
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0215
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0220
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0225
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0230
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0235
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0240
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0245
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0250
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0255
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0260
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0265
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0270
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0275
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0280
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0285
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0290
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0295
http://ajph.aphapublications.org/doi/book/10.2105/9780875530024
http://ajph.aphapublications.org/doi/book/10.2105/9780875530024
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0305

BRAZILIAN JOURNAL OF MICROBIOLOGY 49 (2018)120-127 127

30.

31.

Zhang XB, Ohta Y. Binding of mutagens by fractions of the
cell wall skeleton of lactic acid bacteria on mutagens. J Dairy
Sci. 1991;74(5):1477-1481.

Zhang XB, Ohta Y. Antimutagenicity of cell fractions of
microorganisms on potent mutagenic pyrolysates. Mutat Res
Toxicol. 1993;298(4):247-253.

32. Rajendran R, Ohta Y. Binding of heterocyclic amines by lactic
acid bacteria from miso, a fermented Japanese food. Can J
Microbiol. 1998;44(2):109-115.


http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0310
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0315
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320
http://refhub.elsevier.com/S1517-8382(16)31111-X/sbref0320

	A comparative study of procedures for binding of aflatoxin M1 to Lactobacillus rhamnosus GG
	Introduction
	Materials and methods
	Bacterial strain and growth conditions
	AFM1 binding assay
	Effect of filtration on AFM1 quantification
	Effect of heat treatment and pipetting on AFM1 binding
	Effect of washes on L. rhamnosus GG/AFM1 complex
	Residual AFM1 quantitation
	Statistical analysis

	Results and discussion
	Complex stability in filtration procedure
	Complex stability in five washes procedure
	Stability at a bacterial concentration of 5×108CFU/mL
	Stability at a bacterial concentration of 1010CFU/mL
	Stability after each washing step

	Conclusions
	Conflicts of interest
	Acknowledgments
	References


