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Decrease of wheat flour allergenicity via lactic acid fermentation
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( Received 12 March 2009; final version received 12 March 2009)

Results of the research on the lowering of allergenicity of wheat flour fermented
using homo- and heterofermentative lactic acid bacteria and mixed cultures with
yeast were discussed. The gliadins’ immunoreactivity was measured using the
indirect non-competitive enzyme-linked immunosorbent assay method. The
biggest decrease of the immunoreactivity of gliadin fraction was observed in
the case of fermentation performed with the use of mixed cultures of lactic acid
bacteria and yeast. This way of wheat flour modification seems to be promising,
because fermentation is a natural process causing not only lowering of the
allergenicity, but also improving organoleptic and nutritional values of obtained
products.
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Introduction

Necessity of keeping a rigoristic gluten free diet by people with intolerance of gluten
peptides considerably limits an assortment of allowed food products. It also causes
restriction in the content of proteins, food fibres, vitamins, microelements and many
other ingredients necessary for human health as bread cereals are the basic source of
them in everyday food (Kunachowicz, 1998). Thus, a lot of actions are undertaken to
obtain flour with a reduced level of immunoreactivity.

Many investigators have intensively studied the phenomenon of wheat flour
peptides’ allergenicity. Simonato investigated the changes in immunoreactivity of
flour, which was exposed to typical for bread technological treatment and digested in
the digestive system (Simonato et al., 2001). Hypoallergenic wheat flour with a
lowered immunoreactivity of glutenin fraction was obtained after treatment with
different enzymes: pepsin, trypsin, collagenase, elastase, transglutaminase, brome-
lain, chymotrypsin, papain, subtilisin and actinase (Leszczynska et al., 2002; Tanabe,
Arai, & Watanabe, 1996; Tanabe et al., 1996, 2000; Watanabe, Ikezawa, & Arai,
1994; Watanabe, Watanabe, Sonoyama, & Tanabe, 2000). The influence of specific
chemical reactions (Gerrard, Brown, & Fayle, 2003), gamma irradiation and
microwave heating on the gluten immunoreactivity, especially in the case of omega
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and alpha gliadins (Leszczynska, Lacka, Szemraj, Lukamowicz, & Zegota, 2003a,b),
as well as the lactic acid fermentation (Di Cagno et al., 2004) were also investigated.

Lactic acid fermentation, which is performed in sourdough environment, is a
natural, though a little forgotten, step of the process in traditional technology of rye
and mixed bread and in some regions of the world also of wheat bread production
(Diowksz & Ambroziak, 2006). An intensive hydrolysis proteins is performed in this
process at a degree depending on individual features of the microbiological
organisms — lactic acid bacteria active in the fermentation process (Di Cagno et
al., 2002). This was the reason for undertaking the study of reducing the wheat flour
allergenicity as the result of fermentation performed by the chosen strains of lactic
acid bacteria.

Materials and methods

Wheat flour (Type 500) from “Kruszynek™ mill, containing 18.8% of gluten, 0.51%
of ash and 14.9% of water was exposed to lactic acid fermentation. Fermentation
tests of wheat flour were carried on with dough prepared with the yield of 200 and
with several monocultures of lactic acid bacteria (Lactobacillus). In this study, six
homofermentative strains (Lb. plantarum), five heterofermentative strains (three Lb.
brevis and two Lb. sanfranciscencis) and bakery yeasts (Saccharomyces cerevisiae)
were used. A 24 h inoculum containing 10° cfu/cm® was added to the dough in
amount of 2% (v/v). Fermentations were conducted for 24 hours at 30°C. The
number of bacteria and yeast cells in sourdough was determined by the plate count
method on MRS medium and was expressed as colony forming units (cfu)/g of
sourdough. The total acidity of sourdough was also determined by the titration
method and was expressed as ml of 0.1 mol 1! NaOH used for 10 g of sourdough.

Immunoreactivity analysis

To estimate the immunoreactivity of gliadin fraction isolated from modified flour the
indirect enzyme-linked immunosorbent assay (ELISA) technique was used, in which
human sera containing antigliadin antibodies and monoclonal antibodies against
human immunoglobuline IgG conjugated with an alkaline phosphatase were used
(Leszczynska et al., 2003a,b). Gliadins were isolated from the sourdoughs according
to Osborne’s procedure (Osborne, 1907). Monoclonal antibodies anti-human IgG
conjugate with alkaline phosphatase from mouse, clone GG-5 (Sigma, A 2064), were
used for ELISA. All human sera containing antigliadin antibodies were taken from
sensitive patients at the Polish Mother’s Memorial Hospital.

Microtitre plates EB 92029330 (Labsystem, Helsinki, Finland) were coated
overnight at 4°C with 100 pl of the antigen solution (100 times diluted extracts of
gliadins obtained from samples) in 0.1 M carbonate buffer (pH 9.6), containing
about 1.5 mg of protein. Plates were washed and free binding sites were blocked by
incubation of the plates with a 3% solution of low fat milk in phosphate buffer (pH
7.2), containing 0.1% Tween-20 for 2 h. This was followed by removal of buffer
solution, rinsing the plates five times and further incubation with human sera
containing antigliadin antibodies diluted with phosphate buffer for 1 h at room
temperature. The plates were washed again and 100 pl of 1000-fold diluted solution
of anti-IgG antibodies conjugated with an alkaline phosphatase was added. After
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incubation of the plates for 1 h and rinsing with phosphate buffer the bound
phosphatase activity was determined by reaction with p-NPP with Multiscan MC
reader at 405 nm. A 0.1% milk solution in phosphate buffer (pH 7.2), containing
0.05% Tween-20 was used for all washings and dilutions of antibodies.

The remaining immunoreactivity of fermented samples was estimated in ratio to
unfermented wheat flour acidified with lactic acid to pH 4.0, accounted for peptide
content determined by Pierce’s method using the BCA Protein Assay Reagent Kit
(Pierce) according to the instruction of the producer.

A-PAGE

Gliadin peptides extracted from fermented samples were exposed to A-PAGE
electrophoretic separation. Electrophoresis was performed in polyacrylamide gel
(aluminium lactate buffer, 2.5 g/1, lactic acid up to pH 3.1). A volume of 50 ul lactate
buffer, containing 0.6 mg of methyl green and 0.5 ml of glycerol were mixed with
50 ul of gliadin extract, then transferred onto the gel. Electrophoresis was run in a
minigel setup of Desaga apparatus (Desaga, Heidelberg, Germany) at 300 V for 30
minutes. The analysis of the obtained electrophoregrams was performed using the
computer program GelScan ver.1.45 (Kucharczyk, Techniki elektroforetyczne, Sp. z
0.0.).

Results

Data shown in Table 1 characterised the progress of lactic acid fermentation in terms
of increased bacteria number and their acidifying activity. For the most of tested
microorganisms a similar yield of lactic acid bacteria with value about 10° cfu/g was
found. Only in three samples the number of lactic acid bacteria was by one order
lower (Lb. plantarum LOCK 0861, Lb. brevis DSM 1269 and Lb. plantarum DSM
2648). In the first two cases, it was accompanied also with a low acidity of the
sourdough after 24-hour fermentation, which was about one half lower than in the
case of the other fermentations. In both cases, there was a noticeable difference in the
final consistence of the sourdough, which was still dense, whereas well matured
sourdough gained softer consistency.

The decrease of immunoreactivity of isolated gliadin fraction is shown in Table 2
with the biggest reduction of immunoreactivity seen in the case of Lb. plantarum
AD-98, Lb. plantarum LOCK 0860, Lb. plantarum 0861, Lb. sanfraciscensis DSM
20663 and Lb. plantarum DSM 2646 (3, 6, 7, 8 and 11). Observed decreasing of
immunoreactivity of gliadin fraction in fermentated samples Lb. plantarum AD-98,
Lb. plantarum LOCK 0860 and Lb. sanfraciscensis DSM 20663 (3, 6 and 8) is
positively correlated with a great increase of number of bacteria, noticeable acidity
and it is also a consequence of hydrolysis of peptides (additional bands of peptides
on electrophoregrams) (Figure 1). However, in spite of weak increase of number of
bacteria and lack of proteolysis, there is a considerably reduction of immunor-
eactivity, as seen in the case of Lb. plantarum 0861 and Lb. plantarum 2048 (7 and
11). On the other hand, hydrolysis of polypeptides in the case of Lb. sanfraciscensis
MW-94 and Lb. brevis DSM 1269 (1 and 10) did not cause a noticeable decrease of
immunoreactivity.
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Table 1. Characteristics of growth of lactic acid bacteria in sourdoughs.

No. Strain Number of Total acidity (ml 0.1 mol 17!
bacteria cells (cfu/g) NaOH/10g sourdough)
1 Lb. sanfranciscensis MW-94 1.77 x 10° 9.60
2 Lb. brevis MS-99 1.62 x10° 10.70
3 Lb. plantarum AD-98 2.05 x10° 10.15
4 Lb. plantarum LOCK 0858 2.35 x10° 10.10
5 Lb. plantarum LOCK 0859 2.10 x 10° 9.48
6 Lb. plantarum LOCK 0860 2.76 x 10° 10.10
7 Lb. plantarum LOCK 0861 3.65 x 108 445
8  Lb. sanfranciscensis DSM 20663 1.10 x 10° 10.43
9 Lb. brevis DSM 1267 1.18 x 10° 9.53
10 Lb. brevis DSM 1269 7.43 x10° 5.55
11 Lb. plantarum DSM 2648 4.88 x10° 9.13

Selected strains of lactic acid bacteria with the strongest immunoreactivity
reduction were used to create mixed cultures for fermentation of wheat flour. The
mixed cultures were also associated with bakery yeast Saccharomyces cerevisiae. The
immunoreactivity of gliadin fraction in the resulted sourdoughs was examined
(Table 3).

It seems, that not only lactic acid fermentation of flour with Lb. plantarum, Lb.
sanfranciscensis or Lb. brevis reduces the immunoreactivity of gliadins, but also the
same effect can be seen in the case of the presence of Saccharomyces cerevisiae yeast.
However, co-fermentation led by mixed cultures of lactic acid bacteria and yeast
considerably increases this effect. The reduction of immunoreactivity in this case was

(.
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Figure 1. A-PAGE of the fermented wheat flour samples (0-reference, numbers of the bacteria
used according to the tables).
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Table 2. Residual immunoreactivity (%) in the samples of the fermented wheat flour.

Number of the human sera

No. Strain S 467 S 918
1 Lb. sanfranciscensis MW-94 88, 74 90, 36
2 Lb. brevis MS-99 83, 78 86, 12
3 Lb. plantarum AD-98 78, 30 78, 46
4 Lb. plantarum LOCK 0858 85, 37 87, 54
5 Lb. plantarum LOCK 0859 94, 19 85, 04
6 Lb. plantarum LOCK 0860 84, 14 64, 08
7 Lb. plantarum LOCK 0861 78, 40 77, 10
8 Lb. sanfranciscensis DSM 20663 76, 51 77, 82
9 Lb. brevis DSM 1267 94, 72 81, 98

10 Lb. brevis DSM 1269 93, 49 84, 88

11 Lb. plantarum DSM 2648 78, 16 74, 18

the highest. Stronger proteolysis performed by mixed cultures than by individual
strains results from the action of the complex of proteolytic enzymes with wide
specificity, produced by different strains of lactic acid bacteria (De Angelis et al.,
2006).

The health effect of lactic acid fermentation of wheat flour was also investigated
by other researchers (Hammes & Tichaczek, 1994; Tieking, Korakli, Ehrmann,
Ganzle, & Vogel, 2003) and especially the influence of such modified peptides of
gliadin fraction on patients with coeliac disease was examined (Di Cagno et al., 2002,
2004). It was found, that fermentation with Lb. alimentarius, Lb. brevis, Lb.
sanfranciscensis and Lb. hilgardii caused degradation of albumin, globulin and
gliadin, whereas glutenin did not undergo proteolysis. Gliadins were the fraction
with the most effective degradation during sourdough fermentation, especially for
IgE-binding gliadin peptides (Rizzello, De Angelis, Coda, & Gobbetti, 2006). It is
also worth to notice that 31-34 fragment of A-gliadin toxic for patients ill with
coeliakia was hydrolysed. It was also found that the combination of proteolysis and
acidification with bacteria led to emerging of shorter and stronger gluten with more
flexible structure.

Table 3. Decrease of the immunoreactivity of wheat flour fermented with bacteria and mixed
cultures (%0).

Number of human sera

Strain S 902 S 467 S 721
Lb. plantarum AD-98 65, 4 64, 9 77, 1
Lb. sanfranciscensis MW-94 68,9 64, 2 77, 8
Lb. brevis MS-99 83,8 63,1 90, 8
Saccharomyces cerevisiae 71, 8 69, 1 80, 2
Lp+Ls+Lb 1:1:1 74, 9 66, 7 83,6

(Lp+Ls+Lb)+Sc (1:1) 45,5 57,7 73,7
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The results of our investigation and literature data suggest that fermentation as a
method of reduction of wheat flour allergenicity seems to be promising because of its
natural character and improving both: organoleptic and healthy features of the
product. The obtained modified wheat flour can be used as an additive to mixtures
prepared for allergic people, especially that not all patients show the same sensitivity
to that allergen and not always the complete elimination of gluten from the diet is
necessary.
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