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We aimed to develop a new food-processing approach using pectin to reduce gastrointestinal absorption
of mycotoxins. When Ca2* is added to low-methoxyl pectin, a gel resembling an egg box-like structure
forms that is able to trap certain molecules. We examined whether or not low-methoxyl amidated pectin
(LMA) and low-methoxyl non-amidated pectin (LMNA) trapped the mycotoxin deoxynivalenol (DON)
after being ingested. We first determined the trapping effects of LMA and LMNA on DON in vitro under
conditions similar to those in the human stomach, with results showing that LMA gel trapped DON to
a greater extent than the LMNA gel. We then performed in vivo experiments and demonstrated that
the LMA gel containing DON reduced DON’s absorption from the gastrointestinal tract. This new food-
processing technique holds great promise for reducing the bioavailability of DON in contaminated food
and may be useful in mitigating the effects of other mycotoxins.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Raw materials used to produce foods and their final products
may often be contaminated with fungi and their toxins, raising
international concerns about food safety (Kuiper-Goodman, 1995).
Mycotoxin concentrations in these raw materials can vary con-
siderably depending on meteorological conditions (Battilani et al.,
2006). Given their relative thermal stability, completely elimi-
nating mycotoxins from raw materials and end products during
processing is extremely difficult. Mycotoxins are known to cause
cancer, nephritis, hepatitis, and gastrointestinal disease in both
animals and humans (Bryden, 2007). In developing countries in
particular, acute toxicity caused by mycotoxins remains a seri-
ous problem even in the 21st century. In contrast, in developed
countries, chronic toxicity has emerged as a greater source of
concern (Sherif, Salama, & Abdel-Wahhab, 2009). A worldwide
movement has emerged calling for a reduction in mycotoxin expo-
sure through acceptable agricultural practices and regulation of
maximum acceptable levels for mycotoxin by international orga-
nizations such as the Codex Alimentarius Commission (2011).
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Although implementation of these policies has been effective
in several countries, eliminating mycotoxin contamination of raw
materials worldwide has been difficult. As such, attempts to reduce
mycotoxins in finished food products remain an urgent necessity.
To date, a number of chemical, physical, and biological treatments
forreducing mycotoxins have been made available, including ozone
degradation (Karaca, Velioglu, & Nas, 2010), thermal inactivation,
and biotechnological techniques (Bissessur, Permaul, & Odhav,
2001; Kimura et al., 2006), but in turn, produce unwanted side
effects. For example, although roasting and extrusion processing do
indeed decrease mycotoxin concentrations, the high temperatures
required can produce unknown, possibly toxic by-products (Humpf
& Voss, 2004). Similarly, biotechnological decontamination involv-
ing the use of bacteria is still associated with a number of safety
issues that render it undesirable for use in mycotoxin reduction
(Bata & Lasztity, 1999).

We developed a new processing method to reduce gastroin-
testinal absorption of mycotoxin deoxynivalenol (DON) using
pectin. Generally accepted as a non-toxic food additive (Van Soest,
Robertson, & Lewis, 1991), pectin is a component of plant cell
walls and is an important ingredient required for the gelation
of jams and other fruit products. Pectin is a dietary fiber (Asp,
1987; Evans & Shronts, 1992), indigestible by humans, consisting
of a complex polysaccharide composed of a-D-(1,4)-galacturonic
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acid with a small fraction of rhamnose and small side chains
formed by other sugars (Mohnen, 2008). Depending on the degree
of esterification (DE) of the carboxyl group, pectin may be clas-
sified as either high- or low-methoxyl pectin. Conversion of
high-methoxyl pectin to a gel requires relatively large quantities of
sugar (>50% (v/v)) and acidic conditions. In contrast, low-methoxyl
pectin requires only Ca?* to form a gel that possesses a stitch
structure according to the so-called “egg box model” (Cabrera,
Boland, Messiaen, Cambier, & Van Cutsem, 2008; Chambin, Dupuis,
Champion, Voilley, & Pourcelot, 2006; Capel, Nicolai, Durand, 2005).
To date, two types of low-methoxyl pectins have been identified:
low-methoxyl non-amidated pectin (LMNA) and low-methoxyl
amidated pectin (LMA).

Here, we examined the effects of gels made with LMNA or
LMA on trapping DON in a gel in vitro and in vivo to provide a
nutritional modality that might mitigate the toxic effects of DON-
contaminated foods.

2. Experimental
2.1. Materials

Deoxynivalenol (DON) and Molish’s reagent were purchased
from Wako Pure Chemical Industries, Ltd. (Tokyo, Japan), and low-
methoxyl non-amidated pectin (LMNA, DE: 35%) and low-methoxyl
amidated pectin (LMA, DE: 35%, 15% amidated) were purchased
from San-Ei Gen F. F. I, Inc. (Osaka, Japan). HPLC-grade ethanol was
use for pectin purification.

2.2. Methods

2.2.1. LMNA and LMA purification

LMNA and LMA were purified via ethanol precipitation. Com-
mercial pectin powder was dissolved in a 30-fold volume of 70%
ethanol (v/v) and then heated at 80°C for 30 min. After cooling
at room temperature, the ethanol supernatant was assayed using
Molish’s reagent to confirm that all other sugars besides pectin had
been removed from the crude pectin powder. This purification pro-
cedure was repeated until no other sugars were detected in the
supernatant. The purified pectin precipitate was then dissolved in
a30-fold volume 0f99.5% ethanol (v/v) and dried at 80 °C for 30 min,
after which it was stored at room temperature.

2.2.2. Gelation protocol

The gelation buffer consisted of 3.94 g potassium citrate mono-
hydrate, 1.0 g sodium benzoate, and 4.5 ml 50% citric acid solution
(pH 2.7 £0.05) in 100 ml of Milli-Q water.

For the in vitro trapping experiment, after dissolving 500 p.g
DON in 1 ml of acetonitrile in 10-ml centrifuge tubes, the solvent
was removed by evaporation using N, gas. Control tubes were then
prepared as indicated above using acetonitrile only. Thereafter, 0.5,
1.0, and 1.5 g of purified LMNA or LMA powder, corresponding to
respective final concentrations of 0.5%, 1.0%, and 1.5% (w/v), were
added to the tubes. One half milliliter of Milli-Q water and 0.25 ml
of gelation buffer was added at 1 drop/sec. After the solution was
incubated at 70 °C for 30 min, 0.25 ml Ca%* solution (to provide 0.48,
1.24, and 2.30 mg/ml equivalents in the respective final water solu-
tions) was added to the tubes, and the gel was cooled to room
temperature over 30-60 min. Fifty milliliters of gel prepared with-
out DON was then used to measure gel strength.

2.2.3. Strength test of pectin gel

A gel strength test was carried out using a TA-TX 2i tex-
ture analyzer (Eko Instruments Co., Ltd., Japan) according to CP
Kelco’s (Denmark) instructions. The plunger speed was 0.5 mm/sec.
Viscoelasticity was measured as gel strength and expressed as

pressure (force [N]/3.14/0.0001[m?2]). The samples were com-
pressed on the gel surfaces using a cylinder (20 mm height x 10 mm
diameter).

2.2.4. Measurement of DON trapped in gels

To measure the ability of the LMA and LMNA pectin gels to trap
DON under in vivo-like conditions, gels with DON were suspended
in 10- or 50-fold Milli-Q water in a test tube and gently shaken
overnight at 37 °C. In a preliminary test, the ability of a 1.0% pectin
gel to trap DON was evaluated by separating the aqueous phase
from the gel, which was then degraded in 1 M citric acid (pH 9.0).
The amount of DON in each was determined by enzyme-linked
immunosorbent assay (ELISA). Nine milliliters of 1 M citric acid was
then added to 1 ml of the pectin gel. The suspension was agitated
violently using a vortex mixer, maximum setting, at room temper-
ature and then neutralized with 0.1 M HCL. In the preliminary trial,
the total amount of DON recovered from the fluid plus that recov-
ered from the gel was almost 100%. We calculated the trapping ratio
of DON from the amount of DON released into the fluid using the
following formula:

DON concentration in the gel (trapped DON) (%)

| (Spiked DON amount in gel — released DON amount in fluid) N

100
Spiked DON amount in gel

2.2.5. ELISA

DON was assayed via competitive, indirect ELISA according to
the methods described by Maragos, Busman, and Sugita-Konishi
(2006) as follows: Briefly, a 96-well plate was coated (4°C,
overnight) with 100 wl DON-bovine serum albumin (BSA) con-
jugate in 0.05M sodium phosphate buffer (pH 7.0). The coated
plate was washed with 0.02% Tween 20 (v/v) in 0.01 M phosphate-
buffered saline (PBS, pH 7.0) and blocked with 1.0% polyvinyl
alcohol (v/v) in 0.01M PBS at 4°C overnight. In another plate,
75l of sample (or DON standard solution) and 75l of goat
anti-mouse peroxidase conjugate were mixed, and then 100 .l of
sample (standard)-peroxidase conjugate mixture was transferred
to the BSA-coated plate. After incubating the mixture for 30 min at
room temperature, 100 il of TMB substrate reagent was added for
15 min at room temperature, and the reaction was stopped by addi-
tion of 100 ml of 2 M HCI. DON concentration was determined from
its absorbance at 450 nm using a TriStar LB 941 micro plate reader
(Berthold Technologies GmbH & Co., KG Ltd.). DON concentrations
in the fluid (trapping experiments) and plasma (in vivo experiment)
were quantified by ELISA.

2.2.6. In vivo bioavailability

All animal studies were conducted according to the Guide-
lines of the National Institutes of Health Sciences. Male B6C3F1
(C57B1/6] x C3H/He]J) mice (aged 7 weeks, 20-22 g/animal) were
obtained from SLC Inc. (Shizuoka, Japan) and maintained under
controlled conditions (23 +2°C; humidity, 55% +10%; 14-h light
and 10-h dark cycles) and provided commercial chow pellets (Ori-
ental Yeast Co., Tokyo, Japan) and water ad libitum. Mice were
divided into four groups of eight mice each, and the four test sam-
ples were orally administered by gavage per 100 g gel or 100 .l
liquid/animal.

Test samples were as follows (gel-DON, pectin-DON, DON-PBS,
and gel-cont), gel containing 100 g of DON (gel-DON, equivalent to
5 mg/kg body weight (bw) DON), LMA liquid in the gelation-buffer
containing 1.0 mg of DON/ml (pectin-DON), and 1.0 mg DON/ml
in PBS (DON-PBS). The gel without DON (gel-cont) was used as
a control. Food and water were restored immediately after treat-
ment. At 15, 30, 90 min and 3, 6, 8, and 24 h after treatment, the
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Fig. 1. Retention of DON by LMNA and LMA pectin gels at 37 °C. Gels containing varying concentrations of pectin along with 500 ng/kg DON were prepared as described in
the text. The gels were suspended overnight in (a) 10- or (b) 50-fold volume of water. After collecting the supernatants, the amount of DON present was assayed via ELISA.
The percentage of trapped DON was calculated using the formula described in the text. Data represent means + standard deviation (SD) (n=4). * Significantly different at

P<0.05; ** Significantly different at P<0.01.

mice were anesthetized, and blood was collected from the tail vein.
Plasma was prepared by centrifugation and stored at —30°C until
being analyzed for DON. The pharmacokinetic parameters, maxi-
mum concentration (Cpax), maximum time concentration (Tmax),
and area under the curve (AUC) were calculated from the plasma
concentration-time profile for each animal according to the equa-
tions described by Baggot (1970) and Klaassen (1986).

2.2.7. Treatment of LMA pectin gel with gastric and intestinal
juices

Artificial gastric juice (pH 1.3) and intestinal juice (duodenal
juice and bile juice plus HCOs3, pH 8.1) were prepared accord-
ing to the methods described by Versantvoort, Oomen, Kamp,
Rompelberg, and Sips (2005). At 1.0% LMA pectin gel was treated
with a 10-fold volume of gastric juice at 37 °C for 0, 15 or 30 min or
for 1 or 2 h. Treatment with intestinal juice (10-fold volume) was
performed at 37°C for 2 h. At each time point, after centrifuging
the samples at 3,000 rpm x 5 min, the supernatant was harvested,
adjusted to pH 7 and assayed by an ELISA.

2.2.8. Observation of scanning electron microscopy (SEM)

The cross section morphologies of the LMA pectin gel were
observed using a scanning electron microscope (JSM 6610LA, JEOL,
Japan). The gel was sectioned and then freeze-dried to observe its
inner structure.

2.2.9. Statistical methods

Student’s ¢ test for independent samples was used to detect dif-
ferences between means. When more than two groups were used,
Scheffe’s F test was used. In vitro experimental data was expressed
as mean + standard deviation, while in vivo experimental data was
expressed as mean =+ standard error.

3. Results
3.1. Gel strengths of LMA and LMNA
Table 1 shows the strength of gels formed under various con-

centrations of Ca2* ion (0.48, 1.24 and 2.30 mg/ml). In LMNA, gel
strength increased at all pectin concentrations in the presence of

1.24 and 2.30 mg/ml of Ca?*, even though a gel was not formed at
0.48 mg/ml of Ca?* (independent of the pectin concentration). In
contrast, LMA did form a gel at 0.48 mg/ml Ca2*. Strength of the
LMA pectin gel increased in a Ca%* concentration-dependent man-
ner. Therefore, throughout this study, 2.30 mg/ml was used as the
optimal Ca%* concentration given its strength in forming a gel. Gel
strength at this concentration was significantly higher with LMA
than LMNA at any pectin concentration (Table 1). Taken together,
results from this experiment demonstrate that the gel strengths
of LMA and LMNA increased with increasing pectin concentration,
although in every case, LMA was stronger than LMNA. Because an
increased pectin concentration increased gel strength, amidation
of pectin efficiently formed stronger gels.

3.2. Trapping effects of LMA and LMINA pectin gels

We examined the in vivo stability of the trapping effect of LMA
and LMNA pectin gels at 37°C (Fig. 1). When suspended in a 10-
fold larger volume of water, the 0.5%, 1.0%, and 1.5% LMA pectin
gels retained more than 75% of the spiked DON. In contrast, the
DON retention abilities of LMNA pectin gels were lower than the
LMA gels at all of the pectin concentrations. When suspended in a
50-fold larger volume of water, the LMA pectin gels still retained
more than 50% of the spiked DON. In contrast, the LMNA pectin

Table 1
Gel strength of LMINA and LMA as a function of Ca?* and pectin concentrations (n=4).

Pectin (%) Ca?* (mg/ml) Gel strength (pressure, N/m?2)

LMNA pectin gel LMA pectin gel
0.48 n.d. 321.6 £ 84
0.5 1.24 65.8 +1.8 363.1 + 27.6
2.30 104.0 + 4.9 778.1 + 384
0.48 n.d. 431.0 £ 133
1.0 1.24 775+ 1.8 713.4 4+ 33.7
2.30 151.8 + 20.7 3225.1 £ 2315
0.48 n.d. 380.0 +£ 7.3
1.5 1.24 78.6 £ 4.9 711.3 £ 13.3
230 195.3 £ 3.7 8875.8 + 368.0

Gel sample size was 50 ml, not including DON in the total volume.
n.d.: not determined
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Fig. 2. Scanning electron micrographs of a LMA pectin gel cross section. A 1.0% LMA
pectin gel was prepared according to the method described in the text. The gel was
sectioned, freeze-dried and observed by SEM.

gels did not retain any substantial amount of DON in the gel. Fig. 2
shows the morphology as observed by SEM. The formation of inter-
molecular junction zones was noted, and the stitch structure took
on an elaborate and uniform structure. When the gel is suspended
in water, the micro network structure was observed to form.

3.3. Effect of gelation on the bioavailability of DON

Given our findings in the in vitro experiment that the trapping
effect of LMA on DON was superior to that of LMNA, the in vivo
experiment employed a 1% LMA pectin gel. To examine the effec-
tiveness of the LMA pectin gel to reduce the absorption of DON, a
single oral administration test was performed. The DON concen-
tration in serum was measured by ELISA at various time intervals
after its administration. In all groups except for the gel-cont group,
DON was detected in plasma from 15 min post administration but
was thereafter quickly eliminated, as shown in Table 2. In the
pectin-DON group, two peaks were observed at 15min and 8h
post administration, whereas in the gel-cont group, no DON was
observed throughout the experimental period.

Parameters such as Cpax, Tmax, and AUC were compared among
the gel-DON, pectin-DON, DON-PBS, and gel-cont groups. Cpax and
AUC values in the gel-DON group were approximately 25% of those
in the pectin-DON and DON-PBS groups, and Tnmax in the gel-DON
group was greater than in other groups. These results suggest that
gelation with LMA suppresses and delays absorption of DON in the
gastrointestinal tract. Further, Cmax, Tmax, and AUC values in the
pectin-DON group were similar to those in the DON-PBS group
(Table 2), indicating that liquid pectin does not suppress DON
absorption.

Although the in vivo experiment revealed that LMA pectin gel
has the ability to reduce the absorption of DON, the behaviors of

Table 2
Bioavailability parameters of gel-DON, pectin-DON, DON-PBS, and gel-cont.
Cmax (ng/ml)? Timax (min)P AUC (ng h/ml)
Gel-DON 460.7 + 73.5° 30.0 1608.2
Pectin-DON 20703 £ 1524 15.0 5540.2
DON-PBS 2532.0 + 280.0 15.0 5509.6
Gel-cont n.d n.d n.d

2 Cmax, Maximum concentration.

b Tinax, Maximum time concentration.

¢ AUC, area under curve, which was calculated from a representative sample from
each group. Values are expressed as average + SE. n=5-7. n.d: not detected. Pectin-
DON, gel-DON, and DON-PBS were compared with Student’s t-test.

" P<0.01.

Table 3
The retention of DON in the LMA pectin gel under acidic conditions.
Treatment Duration of treatment DON retention (%)
Gastric juice (pH 1.3)2 Omin 100.0
15 min 893 +24
30min 81.8 £5.0
1h 74.0 £ 4.6
2h 67.8 £3.7

3 Artificial gastric juice (pH 1.3) was prepared according to the method described
in the text.
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Fig. 3. Scanning electron micrographs of the cross section of the LMA pectin gel
treated with gastric juice (pH 1.3). A 1.0% LMA pectin gel was treated with gastric
juice for 1 haccording to method described in the text. The gel was sectioned, freeze-
dried and observed by SEM.

the gel in the stomach and intestine were not clear. To examine
the changes in retention abilities, the pectin gel was treated with
gastric or intestinal juices.

Table 3 shows the retention of DON in the LMA pectin gel under
acidic conditions. Treatment with gastric juice under pH 1.3 led to
DON leakage from the gel in a time-dependent manner. However,
2 h later, 67.8% of the DON was retained in the gel. A scanning elec-
tron micrograph of the gel treated with gastric juice for 1h (Fig. 3),
demonstrated that the acidic condition (pH 1.3) induced the break-
age or aggregation of some of the egg box structure, suggesting
that DON should leak from the interspace of the broken egg box
structure. The breakdown of the micro network structure would
occur following the replacement of Ca2* to H*, which bound the
carboxylate groups of the galacturonic acid residues under acidic
conditions. In contrast, under the alkaline condition (pH 8.1), the
gel turned into “sol” immediately. All of the DON spiked in the gel
was subsequently detected in the sol by ELISA (data not shown).

4. Discussion

Dietary fiber such as pectin is believed to enhance excretion
(Garcia-Diez, Garcia-Mediavilla, Bayon, & Gonzalez-Gallego, 1996),
and given its roles in reducing cholesterol, preventing colon cancer,
and regulating blood glucose in humans, pectin represents a func-
tional food as opposed to simply a nutrient (Brown, Rosner, Willet,
& Sacks, 1999; Brennan, 2005; Truswell & Judo, 1985). At present,
low-methoxyl pectin, in which calciumions interact with the pectin
to form an “egg box” is utilized as a material for trapping drugs
in medical applications such as the colonic drug delivery system
(Wakerly, Fell, Attwood, & Parkins, 1997; Ashford, Fell, Attwood,
Sharma, & Woodhead, 1993; Wakerly, Fell, Attwood, & Parkins,
1996).

In the present study, we demonstrated that low-methoxyl
pectin gel trapped mycotoxin DON and significantly reduced its



C. Tamura et al. / Carbohydrate Polymers 93 (2013) 747-752 751

bioavailability. We initially examined the effects of low-methoxyl
pectin gel on trapping of DON in vitro using LMA and LMNA. While
increasing calcium ion and pectin concentrations increased gel
strength of both LMA and LMNA pectin gels, the LMA pectin gel
was the stronger of the two overall (Table 1). Although the LMA
used in the present study has the same DE as LMNA, it addi-
tionally undergoes partial amidation of the galacturonic residues.
The observed difference in gel strength between LMA and LMNA
seems to therefore be due to the degree of amidation. The gela-
tion model of non-amidated LM pectin has been reported to have
ionic interactions between galacturonic acid residues in a calcium-
dependent manner. The model of LMA pectin also has galacturonic
acid residues and hydrogen bonding between amidated galactur-
onic acid residues, along with same interactions as LMNA (Voragen
& Pilnik, 1995). Therefore, amidation plays an important role in
increasing the gel strength.

In this experiment, the volume of a pectin gel product, such as
a dessert jelly, was assumed to be 20-50 ml. The volume of the
human stomach is reported to be 182 ml during fasting and about
700 ml postprandial (Burton et al., 2005; Weishaupt et al., 2007).
Based on this, the effect of these pectin gels in trapping DON was
measured by suspending them in 10- or 50-fold volumes of water.
Our comparisons showed that the LMA gel trapped DON more effi-
ciently than LMNA and we propose that this trapping effect was
related toits greater gel strength. The LMA gel maintained its solute
trapping ability in 10- and 50-fold water volumes. We noted no
detectable difference in trapping when the pectin concentration
was varied (Fig. 3). The experiment carried outat 37 °Crevealed that
the LMA pectin gel was stable in the gastrointestinal tract, there-
fore suggesting the potential applicability of LMA pectin gels for
processing food and animal feed.

To investigate the bioavailability of DON trapped in the LMA
pectin gel, we examined the plasma profile of DON after orally
administering the gel to mice. On comparing the three groups con-
taining DON (gel-DON, pectin-DON and DON-PBS), gelatin was the
most effective at trapping and significantly suppressed the absorp-
tion of DON in the gastrointestinal tract (Table 2). The Thax value
of the gel-DON group showed that the release of DON from the
gel would be slower than from the pectin or PBS mixtures. Taken
together, these results demonstrate that LMA pectin gel was a use-
ful additive for reducing DON absorption.

As no suppressed absorption was observed in the group admin-
istered liquid LMA mixed with DON, gelation is obviously important
for preventing absorption of DON. These results suggested that
a gel containing DON would maintain its structure in the stom-
ach, although the generally accepted theory is that the structure of
the pectin gel is unstable in alkaline conditions and consequently
degrades in the human large intestine (Holloway, Tasman-Jones,
& Maher, 1983). Our results using artificial gastric and intestinal
juices supported the notion that, under acidic conditions, the LMA
pectin gel trapped DON in the gel even though there was a slow
leak. However, under alkaline conditions, degradation of the gel
occurred, and the DON trapped in the gel was released. We believe
that the broad peak of DON released 8 h after the administration
of pectin-DON may have been due to the degradation of the gel in
the intestine. Since DON is absorbed quickly from stomach and the
upper intestine (Danicke, Valenta, & Doll, 2004; Pestka & Amuzie,
2008), the stability of the pectin gel in the stomach would then sup-
press its release and absorption. Regarding the DON present in the
gel, the results of DON ELISA performed on the gel after treatment
with intestinal juice suggested that DON seemed to present as a
free style in the egg box, because if DON interacted with LM pectin
on the molecular level and formed a complex, it would not have
been detected by the ELISA.

Taken together, our findings from the present study indicate
that the low-methoxyl pectin gel trapped DON physically, and

significantly suppressed its absorption in the gastrointestinal tract.
And the suppression by the gelation would not affect the absorp-
tion of other essential nutrients contained in the gel by the intestine
because the gel degraded in intestine. While further studies will be
required to formulate applications for cereal or corn-based foods
contaminated with DON, our findings reported here demonstrate
the development of a new processing approach for reducing the
gastro-intestinal absorption of DON on consumption of food and
animal feed.

5. Conclusion

We successfully devised a method of trapping a mycotoxin using
a low-methyl pectin gel and were able to demonstrate reduced
toxin absorption by the gastrointestinal tract. Specifically, the LMA
gel more efficiently trapped DON than did the LMNA gel under
in vivo-like conditions. This finding was further supported by our
experiments in mice, which demonstrated that trapping DON sup-
pressed absorption in the gut. Our results here offer a new approach
for food and feed processing to reduction absorption of DON from
contaminated food and feed, and to our knowledge, this study is
the first to report that pectin can be used effectively to reduce
mycotoxin exposure.
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