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Abstract: The gluten content in oat products on the market in the Czech Republic was monitored. The ELISA kit

Ridascreen gliadin from R-Biopharm based on the R5 antibody was used for the gliadin determination. Oat products

(41 samples), including 21 samples of oat flakes, were tested. Only 6 samples were labelled as gluten-free and it was

confirmed that these samples meet the criteria for gluten-free foods. The total of 29 oat products, of which 15 were

samples of oat flakes, contained more than 20 mg/kg of gluten. This means that 71% of oat cereal products were con-

taminated with cereals toxic for people with celiac disease. It was shown that most oat products on the Czech market

are not safe for people with gluten intolerance.
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Celiac disease as autoimmune disease and other di-
seases related to gluten intolerance are currently on
the rise. Therefore suitable raw materials for the pre-
paration of gluten-free foods are sought in the present
time. Oat is considered to be one of cereals poten-
tially useful in gluten-free diet. It is a rich source of
proteins, lipids, vitamins, minerals and fiber, i.e. oat
products could nutritionally improve gluten-free diet,
which may be deficient in fiber, iron and calcium. The
gluten-free diet can also threaten with a lack of vita-
mins B1, B2 and folic acid (PAWLOVSKA et al. 2012;
ComiNo et al. 2015). The protein content of the oat is
very high compared to other cereals, and reaches up
to 17-24%. The major storage protein of oat is avena-
lin constituting up to 80% of oat proteins.

The carbohydrate fraction comprises a readily clea-
vable starch from 25% to 30% of amylose, -glucans,
pentosans, and monosaccharides. Furthermore, oat

contains 6-10% of fat with a high content of unsatura-
ted fatty acids including the essential fatty acids. Many
lipophilic substances with significant antioxidant pro-
perties are bound to the fat component (SINGH et al.
2013). Oat fiber and in particular p-glucans affect
the function of the gastrointestinal tract by water ab-
sorption and prebiotic effect (DAoU & ZHANG 2012)
and also contribute to lowering of blood cholesterol
(EU Commission Regulation No. 1160/2011). Antioxi-
dant potential of oat depends on the content of po-
lyphenols, lipophilic substances such as tocopherols,
sterols and tocotrienols, as well as flavonoid colorants
(CHMELOVA et al. 2015) and avenanthramids (KOE-
NIG et al. 2014).

There are different opinions on the safety of oat in-
clusion into the gluten-free diet. Oat contains diffe-
rent ratio of particular protein fractions compared to
conventional cereals. Prolamins represent 10-20% of
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oat proteins, wheat 40-50%, rye 30-50% and barley
35-45%, respectively. The amino acid sequence of oat
prolamins comprises 35-50% of proline and glutami-
ne, whereas wheat and barley prolamins contain 70% of
these amino acids. This amino acid composition likely
explains lower toxicity of oats for celiacs.

The extensive review and systematic analysis of stu-
dies on the safety of oat as a part of gluten-free diet
was carried out (FARAGE et al. 2014; PINTO-SANCHEZ
et al. 2017). In analysed scientific publications, 15 of
26 studies were carried out as in vivo studies in adults
and children. The consumption of oat was going on for
several months to years and the quantity of consumed
oat ranged from 20 g to 100 g per day. The evaluation of
these studies was based on the serological parameters,
morphological changes of intestinal mucosa and on the
level of anti-tTG antibodies.

In some other studies, however, the tolerance to oat
was evaluated on the basis of subjective symptoms in-
cidence after consumption. The results of these works
are not uniform. Oats were assessed as safe in 16 stu-
dies and in 10 cases some cultivars were described as
toxic or potentially toxic. REAL ef al. (2012) have found
the direct correlation between the immunoreactivity of
different oat varieties and the presence of more or less
toxic peptides. This means that immunotoxicity of oat
cultivars can vary within wide limits.

Similar conclusions were reached by SiLANO et al.
(2014), who pointed out the differences between oat va-
rieties ability to induce changes in the intestinal mucosa
and to cause subsequent inflammation. G12 monoclo-
nal antibody against the 33-mer peptide was used for
toxicity testing of oat cultivars (ComINO et al. 2015;
CoMINoO et al. 2016). The test group of oats can be divi-
ded according to reactivity with G12 antibody into three
categories — non-reactive, moderately reactive and hig-
hly reactive. Most clinical studies support the inclusion
of non-toxic varieties of oat into a gluten-free diet, but
the results of studies are difficult to compare because of
the different methodologies and the use of various oat
cultivars. These studies suggest a wide range of patients’
sensitivity to avenin (PULIDO et al. 2009; LERNER 2014;
AALTONEN et al. 2017; PINTO-SANCHEZ et al. 2017).
These authors also concluded that the inclusion of pure
oat into a gluten-free diet would improve the nutritional
value and palatability of this diet. TAPSAS et al. (2014)
performed a survey on the consumption of oat among
children with celiac disease in Sweden, where 89.4%
of children included oats into the diet, of which 81.9%
consumed gluten-free oats. Oat consumption remained
without consequences in most cases. KAUKINEN et al.
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(2013) carried out a study with 106 individuals, 66% of
which consumed about 20 g of oat per day and no chan-
ges of intestinal mucosa were observed.

In the long-term study (COOPER et al. 2013), 46 patients
were consuming oat for one year as a part of a gluten-free
diet. In 95% of patients no adverse histological changes
of mucosa status or even mucosa improvement were
reported. The influence of oat on the intestinal mucosa
of pediatric patients was also examined by SJOBERG et al.
(2014 by detecting the levels of mRNA related to 22 active
proteins and by the activation of lymphocytes. The mucosa
changes were found in children who did not tolerate oat.
These studies indicate that the oat cultivars with im-
munogenic potential but at the same time less toxic
or nontoxic varieties are included among cultivated oats.

The contamination of commercial oat products by ot-
her cereals is a common problem. Oat labelled as glu-
ten-free must not contain more than 20 mg/kg gluten
measured by ELISA method based on R5 or G12 anti-
bodies. This oat must also be appropriately labelled.
Many analyses have shown that most oat products
on the market are contaminated with other cereals
(DE SouzaA et al. 2016; LA VIEILLE et al. 2016). The pos-
sibility of oat contamination increases with a growing
number of oat processing operations.

The aim of this study was to examine the contamina-
tion of oat products on the Czech market with gluten
containing cereals toxic for celiac patients. The ELISA
kit based on the R5 monoclonal antibody was therefore
deliberately used for the gluten determination. R5 an-
tibody does not react with the oat proteins. This anti-
body was raised against w-secalin and its specificity is
directed against repetitive epitopes QQPFP, QQQFP,
LQPFP, and QLPFP contained in prolamins of wheat,
barley, rye and their hybrids such as triticale or tritor-
deum (KAHLENBERG et al. 2006).

MATERIAL AND METHODS

Samples of naked oats, oat flakes and other oat
products were purchased at different stores in the
Czech Republic — supermarkets, specialized health
food stores and small-area stores, including conve-
nience stores. The total number of samples was 42,
of which 20 were oat flakes and 22 were other oat
products. The description and origin of the samples
are given in Tables 1 and 2. The Ridascreen gliadin
ELISA kit (Art. No. R7001) and Cocktail Solution
(Art. No. R7006) are produced by R-Biopharm AG
(Germany) and supplied by JEMO Trading Ltd. (Slo-
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vakia). The limit of detection of this ELISA kit is 1 mg
of gluten per kg of sample. The limit of quantifica-
tion (5 mg/kg of gluten) matches the value of the first
non-zero calibrator in ELISA kit. Pure ethanol — 96%
(No. 70390-11000; Penta, Czech Republic) and deio-
nized water (Type I, ISO 3696) from devices Milli-Q
Gradient (Merck, Germany).

The grinder Scarlett Silver Line (ARIMA Holding Corp.,
China), water bath EL-20R (Kavalier, Czech Republic), Ga-
laxy Ministar Centrifuge C1413 (VWR, Republic of Korea)
and laboratory shaker LT2 (Kavalier, Czech Republic)
were used for sample preparation and Tecan Sunrise
Remote Microplate Absorbance Reader (Switzerland)
for absorbance measurement.

Sample preparation and gluten determination fol-
lowed the procedure recommended by ELISA kit

Table 1. Gluten content in samples (n = 20) of oat flakes

producer. After homogenization, 0.25 g of the sample
was mixed with 2.5 ml of Cocktail solution. Samples
were incubated for 40 min at 50°C with occasional
shaking. Samples were cooled and after that 7.5 ml
of 80% ethanol was added followed by shaking for
60 min and centrifugation for 10 min at 6000 rpm.

RESULTS AND DISCUSSION

The samples of oats and oat products with a mini-
mum of additional components in order to avoid con-
tamination of gluten from other raw materials were se-
lected for gluten determination. The analyzed samples
included therefore oat grains and especially oat flakes,
flour and bran. The porridge and cereal bars based on oat-

Sample Producer/ Distribution/sale Precautionary Gluten content C.v.
P country of origin labelling (mg/kg) (%)
Oat flakes Bily Mlyn Kepka Penam gluten containing cereals 38.75+2.60 6.71
Oat flakes Albert Albert gluten containing cereals 50.34 +0.55 1.10
Oat flakes fine .
with fiber EMCO Globus product contains gluten > 80
Fine whole oat flakes Fortin Muhlewerke Lidl no 22.77+0.27  1.20
Good‘hfe oat Czech Republic Bonavita product contains gluten > 80
superior flakes
Oat flakes Bio Czech Republic Country Life product contains gluten > 80
Alnatgra oat flakes EU agrlcul.tural Globus o > 80
fine Bio production
Oat flakes coarse Czech Republic Kaufland product contains gluten > 80
Oat flakes fine EMCO - Vresce convenience store  product contains gluten > 80
O‘at flakes fine Morn Flake Oats limited, Natural Jihlava JK o > 80
with sprouts England
DM oat flakes Bio Germany DM drogerie markt no 7.1+£0.95 1343
Oat flakes Slovak Republic NatureLaTnd, product contains gluten <5
Slovakia
Oat flakes coarse Germany Tesco stores no > 80
Oat flakes Bily Mlyn Kepka BILLA no > 80
Oat flakes Bio PRO BIO BILLA no > 80
0,
100% pure oat flakes UK — Tilquihilie Country life gluten-free <5
gluten free
Oat flakes J. Vozenilek convenience store  product contains gluten  6.55+0.31  4.71
Czech oat flakes Bio Bio nebio health food store no > 80
Oat flakes Spielberger GmbH health food store gluten-free <5
gluten-free
Flpe oat flakes Morning Foods, 1.0.D. Dvoidkovi o > 80
with sprouts England

Values are presented as a mean of x repetitions (n = 2) + mean s.d.; c.v. — coeficient of variation
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meal or flakes were also analyzed. Results of these analy-
ses represent the average value of two parallel determina-
tions and are shown in Tables 1 and 2.

In this study, 41 oat products were analysed, of which
21 were the samples of oat flakes. Three samples of
oat flakes were labelled as gluten-free and our results
confirmed this fact. Another three samples of oat fla-
kes had low gluten content and two of these samples
were labelled by precautionary labelling ‘contains glu-
ten! Other oat flakes samples contained more gluten
than the limit for the gluten-free products — 20 mg/kg
of sample (Implementing Regulation 828/2014/EU).
A high percentage of contaminated oat flake samples
made us to test the naked oats in retail packaging and
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also to test other oat products. In both samples of na-
ked oat high gluten content was detected, in one oat
sample the gluten content exceeded the calibration
range of the ELISA kit. This fact confirms the conta-
mination of raw material for oat products preparation.

In order to verify the surface contamination, the oat
with gluten content over 80 mg/kg was twice washed
with 60% ethanol, dried and re-analyzed. The result of the
repeated analysis was 61.5 mg/kg of gluten in the sample.
The coefficients of variation of this determination are
shown in Table 2. The difference in gluten content be-
tween ‘natural’ oat and washed oat is statistically sig-
nificant. This result supports the theory about the sur-
face contamination of oats.

Table 2. Gluten content in samples (# = 22) of oat products

Sample Producer/ Distribution/sale Precautionary Gluten content  C.v.
P country of origin labelling (mg/kg) (%)
Instant oatmeal, ProBio ProBio no > 80
wholemeal
Oat drink dried natural Topnatur health food store no 45.29 +2.79 6.17
Oat flour wholemeal Natural Jihlava health food store no > 80
Sprouted oat Iswari health food store gluten-free <5
Naked oat Zdravi z prirody health food store no > 80
Eaé(g; giﬁ:ﬁ)slhed laboratory sample laboratory sample no 61.45 + 1.04 1.70
Oat alternative of cream Country life health food store gluten 16.17 £ 0.10 0.63
Oat bran Natural Jihlava JK health food store no > 80
Oat alternative of cream DM bio DM bio oa.t Products > 80
containing gluten
Oat drink natur DM bio DM bio product contains 7 1, 73 1.9
gluten
Vanilla porridge Semix Pluso health food store no > 80
Porridge Semix Pluso health food store no > 80
a‘;gleﬁoor:yﬂ;ﬁs Germany Allexx spol. s r.o., SK gluten-free <5
Naked oat Bio Country Life no 24.1 £ 0.40 1.65
Wholemeal oat flour Natural Jihlava no > 80
Oat Flapjack with Wholebake, .
pecan nuts, gluten-free England Country life gluten-free <5
Oat Flapjack with Wholebake, .
cranberry, gluten-free England Country life gluten-free <5
Nutty Flapjack RUPA Albert no 12.11 + 1.06 8.77
Natural Flapjack RUPA Albert no <5
. cereals containing
Raspberry porridge Albert Albert eluten > 80
Oat bran Natur Austria Country life no > 80
Alnatura oat bran with Alnatura Globus no - 80

sprouts

Values are presented as a mean of x repetitions (n = 2) + mean s.d.; c.v. — coeficient of variation
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Furthermore, a group of products was analyzed,
including flour, oat bran and porridge. All of these
products have been assessed as contaminated. The
gluten content above the limit of 20 mg/kg of food
was found also in oat beverages and oat alternative
of cream. On the contrary, the bars like ‘Flap Jack’ con-
taining oat were evaluated as gluten-free.

HERNANDO et al. (2008) investigated the conta-
mination of 134 oats from the genetic resources of
Europe, USA and Canada, and commercial products
by sandwich ELISA R5 antibody, Western blotting,
MALDI TOF and Real Time PCR. Twenty-five oat
samples contained gluten in the amount near the li-
mit of detection, but 109 samples were contaminated.
The contamination of oat products with gluten poses
also problem in the United States (THoMPsON 2004).
Due to the inconsistent results and the risk of conta-
mination left the international Association of Europe-
an Coeliac Societies (AOECS) the decision about the
inclusion of oat in gluten-free diet at the national level
(Standard for gluten-free foods from 2015).

CONCLUSION

Our study confirmed that most oat products sold on
the Czech market are not safe for people with gluten
intolerance and therefore these products can not be in-
cluded in the gluten-free diet. One positive finding is the
fact that products labelled as gluten-free were confirmed
to be really gluten-free. Other analyzed products were
often labelled with precautionary labelling such as ‘con-
tains gluten; ‘may contain gluten’ or the oat content as
allergen was graphically highlighted in the product com-
position stated on the packaging. Manufacturers therefo-
re do not violate any legislative rule in this case. Patients
on a gluten-free diet who would be interested in oat in-
clusion into their diet, have to choose oat products la-
belled as gluten-free and accept their relatively high cost.
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