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ABSTRACT

Gluten contamination in manufactured gluten-free foods (mGFFs) is a major health, well-being
and economic issue worldwide for both mandatory and voluntary GFF-consumers. Although
scarce, a number of surveys have shown that up to 21.5 % of mGFFs in circulation in the market
are contaminated with gluten. However, at the present time there is no published work reporting
gluten contamination in mGFFs produced in Turkey. In this paper miscellaneous mGFFs produced
in Turkey were analysed for gluten concentration (G) to fill this knowledge gap, and to compare
the situation in Turkey with worldwide efforts on this issue. A total of 200 mGFFs from 8 product
categories (snack, pasta, bread, cookie, cracker, farina, traditional and others), and manufactured
using 7 main ingredients (cereal mixture, buckwheat, corn, rice, locust bean, potato, and others)
were analysed. A significant portion of mGFFs (17.5 %) were contaminated with gluten and
therefore unacceptable as being GFF. The results point to buckwheat as the main cause of this
contamination. If buckwheat is excluded, the ratio of unacceptable mGFFs dramatically decreases
to 6.3 % and probably to 1.8 %, which are comparable figures to those reported for other
countries. Almost all countries are subjected to the same regulations on GFFs, and the problem of
gluten contamination could readily be solved to a great extent if pre-market measures are
mandated. Enforcing mGFF-producers to screen their raw materials and final products to detect
the presence of gluten, and preventing the release of contaminated mGFFs into the market
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would be a practical measure in favour of all stakeholders involved in GFF-consumption.

Introduction

Gluten is a protein fraction found in wheat, rye, and
barley, or their crossbred varieties and derivatives
(Codex 2015). Uncontaminated oats are generally
without problems but are produced in the same
facilities as gluten-containing cereals and are subject
to cross-contamination. Some individuals cannot
tolerate gluten due to having at least one gluten-
linked disorder such as coeliac disease, dermatitis
herpetiformis, gluten intolerance, gluten ataxia, etc.
They have to eliminate gluten from their diets, and
mandatorily consume gluten-free foods (GFFs) for
a healthy life. GFFs are voluntarily consumed also by
some individuals due to reasons other than a gluten-
linked disorder, such as health and well-being,
weight control, etc. (Miller 2016; Norelle 2016).
A food is recognised to be GF if it has a gluten
concentration of 20 mg kg ' at maximum and
bears a claim of being GF (Codex 2015).

GFFs could be classified as natural GFFs (nGFFs)
and manufactured GFFs (mGFFs). nGFFs do not

contain gluten inherently like fresh fruit and vege-
tables, milk, etc. Foods manufactured using only GF
raw materials do not contain gluten due to their
nature, including fruit juice, tomato paste, yoghurt,
etc. They are produced for the consumption of
ordinary consumers. nGFFs could be released into
the market with the claim of GF. In practice, they are
not marketed to be GF and not recognised so in the
market in the vast majority of cases.

mGFFs are intentionally produced for the con-
sumption of GFF-consumers. They are not produced
using gluten-containing raw materials purified from
gluten as the GF phrase may imply, analogously to
lactose-free milk and caffeine-free coffee, etc. They
are produced using GF raw materials to imitate man-
ufactured gluten-containing foods (mGCFs) like
bread, pasta, etc. mGFFs are released into the market
with the claim of GF and they are recognised so in the
market.

The most commonly known gluten-linked dis-
order is coeliac disease. Its incidence is estimated
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as being 1 % for different populations including
Turkey (Gursoy et al. 2005; Bai et al. 2013). The
incidence of gluten-linked disorders is estimated
as high as 13 % excepting coeliac and wheat
allergy (Molina-Infante et al. 2015). Sapone et al.
(2012) reports that gluten-linked disorders affect
almost 10 % of the worldwide population. Though
such an assessment for Turkey has not been
reported, the same is presumably valid. The rate
of voluntary GFF-consumers is estimated to be 25
% in the USA (Mintel 2015) and 8 % in the EU
(Kraushaar 2015), and is expected to rise (Mintel
2016). The rate of voluntary GFF-consumers is
not yet known for Turkey; however, disclosures
encouraging the GFF-consumption have been
emerging in the media for a while.

Consumption of GFFs keeps expanding and its
issues deserve close attention. Gluten contamination
is one of the leading issues in GFFs. The limit of
20 mg kg' (20 ppm) gluten is such a low value that
a GFF can readily reach it with only a tiny amount of
gluten contamination. The gluten contamination
issue is critical for firstly mandatory and then volun-
tary GFF-consumers, and also for other stakeholders
involved in the GFF-consumption. Gluten contami-
nation in miscellaneous mGFFs was surveyed for
a limited number of markets such as the USA,
Brazil, Spain, and Italy (Lee et al. 2014; Sharma et al.
2015; Farage et al. 2016; Mattioni et al. 2016;
Bustamante et al. 2017; Verma et al. 2017). Gelinas
et al. (2008) made a survey for breakfast cereals in the
Canadian market. The highest gluten contamination
was reported to be 21.5 % for the Brazilian market
(Farage et al. 2016). Such work has not been not yet
been conducted for Turkey, and the gluten contam-
ination issue may apply in the Turkish market as well.

A significant quantity of imported mGFFs are
available on the Turkish market together with
domestic ones. mGFFs to be imported to Turkey
must be proved to be GF in advance according to
the commerce and custom regulations in effect
(Ministry of Food, Agriculture and Livestock of
Turkey 2017). Imported mGFFs in the market are
in the state of GF in the regulative perspective.
Domestic mGFFs are not subject to proof of being
GF before release into the market according to the
related regulation (TFC 2012) as in other coun-
tries (FDA 2013; EC 2014). So, mGFFs produced
in Turkey are not controlled for gluten

concentration (G) in the market while imported
mGFFs are subject to control. The state of domes-
tic mGFFs in the market in terms of gluten con-
tamination is not known, and the coverage of this
work was kept limited to domestic mGFFs.
Accordingly, the aim of this work is to analyse
for gluten in miscellaneous mGFFs produced in
Turkey to evaluate if they are contaminated with
gluten, and contribute to efforts for resolving the
gluten contamination issue worldwide.

Materials and methods
Preparation for the analysis

Miscellaneous mGFFs (bearing the claim of GF on
their packages) produced in Turkey were collected
nationwide from supermarket chains and internet
venues operating in the Turkish market within the
years 2016-2018. Sample preparation and gluten ana-
lysis were performed in a Gluten-Free Laboratory in
the Department and every possible precaution was
taken to prevent cross-contamination of samples with
gluten. The outer and inner surfaces of sample packa-
ging were cleaned with an ethanol solution (40 %) to
eliminate possible former gluten contamination on
them and cross-contamination of the samples during
sample preparation.

Sample preparation and the analysis

Collected mGFFs (200) were analysed in triplicate
for gluten concentration (G). mGFFs having
a mean G > 20 mg kg~ were denoted to be con-
taminated with gluten. Gluten was determined
using R5 antibody-based R-7001 Ridascreen
Gliadin Sandwich ELISA test kit and R-7006
Cocktail solution (R-Biopharm AG, Darmstadt,
Germany) for the extraction. The Guidelines from
the test kit Company for sample preparation and
the analysis were followed exactly as described in
detail by Verma et al. (2017). The limit of detection
and the range of quantification were reported to be
3 mgkg ' and 5-80 mg kg ' gluten, respectively by
the test kit provider. Quantification was conducted
using a microplate reader (Thermo Fisher
Scientific, Multiskan Go Microplate reader,
Waltham, Massachusetts, USA) at 450 nm. The
gluten content of mGFFs was calculated from



a calibration curve using software (Ridasoft Win,
R-Biopharm AG, Darmstadt, Germany). The cali-
bration curve was constructed using standard glia-
din solutions (0, 5, 10, 20, 40, and 80 ng g_1 (ppb))
supplied with the test kit. A new calibration curve
was prepared for the analysis of every 10 mGFFs.

Testing performance of the analysis

FAPAS® QC Material cake mix (T27160BQC,
20 g) was used to assess the performance of the
analysis. The gluten content of the test material
was assigned by FAPAS® to be 35.3 mg kg™ with
a Z-score range of 17.7-53.0 mg kg™ from its data
sheet. The gluten content of the cake mix was
found to be 347 mg kg ' with a range of
18.5-51.0 mg kg~' by performing 15 analyses dur-
ing the time period of the survey. The consistency
between the assigned and measured results
showed the reliability of the analysis performed.

Results

Codex (2015) indicates that a food intended to be
GF must not exceed a maximum gluten concen-
tration (G) of 20 mg kg™ '. Thus, if it has a gluten
content < 20 mg kg ', it is recognised to be GF
and acceptable; if it has a gluten content > 20 mg
kg™', it is contaminated with gluten and unaccep-
table. The maximum limit of 20 mg kg™ " is actu-
ally on the high side. The existence of gluten in
a GFF should not be tolerated, it could be quite
risky especially for the health and well-being of
mandatory GFF-consumers. The severity of symp-
toms varies depending on the amount of gluten
digested (Catassi et al. 2007). The lowest detect-
able and quantifiable amounts of gluten in foods
are 3 mg kg'' and 5 mg kg ', respectively for
contemporary routine tests (Koehler et al. 2013;
R-Biopharm 2019). An unquantifiable G (< 5 mg
kg™") does not indicate the complete absence of
gluten, and any quantifiable gluten (5 < G < 20 mg
kg™!) in a food is a sign of gluten presence and
therefore contamination. The upper limit of 5 mg
kg™ to replace the current limit of 20 mg kg ™' in
the Codex (2015) should be debated by
Stakeholders. Considering the capacity of current
tests and the current regulatory limit of 20 mg
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kg™', GFFs may be classified in critical gluten
content intervals. It may be “acceptable” for gluten
content < 5 mg kg ', “risky” for gluten content
5-20 mg kg ', and “unacceptable” for gluten con-
tent > 20 mg kg~'. The limit of 5 mg kg~ would
be provisional until a lower gluten content could
reliably be detected by valid routine tests. Though
the limit of 20 mg kg " is generally in effect world-
wide, the related regulation in Australia and New
Zealand (Australia New Zealand Food Standards
Code 2014) adopts “the minimum detectable glu-
ten” as the maximum allowable gluten limit in
GFFs which is in line with the above suggestion.

mGFFs available in the Turkish market were
collected from nine product categories e.g. snack,
pasta, bread, cookie, cracker, farina, breakfast cer-
eal, traditional and others’ in a former work on
GFF issues in Turkey (Atasoy et al. 2017). No
domestic mGFF in the breakfast cereal category
is manufactured currently in Turkey. Hence, col-
lected mGFFs were provided under the other eight
categories in this work. A total of 200 mGFFs
collected comprised of 13 snacks, 57 pastas, 13
breads, 15 cookies, 6 crackers, 56 farinas, 33 tradi-
tional products, and 7 others (Figure 1). The main
ingredients of mGFFs were declared on their
packages by the manufacturers as cereal mixture,
buckwheat, corn, rice, locust, others and potato.
Accordingly, mGFFs were grouped under the
main ingredient used in their recipes, too. Their
distribution was 86 in cereal mixture, 42 in buck-
wheat, 38 in corn, 23 in rice, 6 in locust, 4 in
others, and 1 in potato groups (Figure 2).

The distribution of mGFFs is provided in
Figure 1 for the product categories in the critical
gluten intervals suggested above. mGFFs with
a gluten content < 5 mg kg ' totalling 143
were determined in all 8 product categories.
Only 3 categories, all mGFFs (15 in cookie, 6
in cracker and 7 in others, 28 in total) had
a gluten content < 5 mg kg '. The remaining
115 mGFFs with a gluten content < 5 mg kg™’
tell within the other 5 categories (8 in snack, 40
in pasta, 12 in bread, 37 in farina, and 18 in
traditional). mGFFs having a gluten content of
5-20 mg kg~' were detected in 22 foods in 5
categories, e.g. 1 in snack, 7 in pasta, 1 in bread,
11 in farina and 2 in traditional. The number of
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Figure 1. Distribution of mGFFs according to the product categories and the critical gluten concentration (G). Numerals on the abscissa
are for the number of mGFFs in the denoted product category and numerals on the bars are for the number of mGFFs in the denoted G
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Figure 2. Distribution of mGFFs according to the main ingredient groups and the critical gluten concentration (G). Numerals on the
abscissa are for the number of mGFFs in the denoted main ingredient group and numerals on the bars are for the number of mGFFs

in the denoted G.

mGFFs with a gluten content > 20 mg kg™’ was
35 in 4 categories: 4 in snack, 10 in pasta, 8 in
farina, and 13 in traditional products.
Distribution of mGFFs is provided in Figure 2 for
the main ingredient groups in the suggested critical
gluten content intervals. mGFFs with a gluten content
<5mg kg_1 (143) were found in all 7 main ingredient
groups. In 3 groups only, all mGFFs (6 in locust, 4 in
others and 1 in potato, 11 in total), had a gluten
content < 5 mg kg '. The remaining mGFFs with
a gluten content < 5 mg kg ™' (132) were in the other
4 ingredient groups (72 in cereal mixture, 10 in buck-
wheat, 31 in corn and 19 in rice). The number of

mGFFs with a gluten content 5-20 mg kg~ was 22
in 4 ingredient groups (6 in cereal mixture, 8 in
buckwheat, 5 in corn, and 3 in rice). mGFFs with
a gluten content > 20 mg kg™ (35) were found in 4

groups (8 in cereal mixture, 24 in buckwheat, 2 in corn
and 1 in rice).

Discussion
Evaluation in the total

mGFFs collected were evaluated for gluten con-
centration according to the current criterion of
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Table 1. Gluten concentration (G) of miscellaneous mGFFs according to countries (mg kg“).

Num: Number of mGFFs; Ratt: Ratio of mGFFs in the total (%).

G5 G 5-20 G>20

Country Method of Gluten Num Num Num
References Analysis Total Ratt Ratt Ratt
Turkey RIDASCREEN® Gliadin 200 143 22 35
Atasoy et al. R5 Sandwich ELISA 71.5 1 17.5
(This work)
Spain R5 antibody Transia 3141 2770 183 188
Bustamante et al. (2017) Plate Gluten, 88.2 58 6.0

INGEZIM Gluten,

Ridascreen Gliadin

R5 Sandwich ELISA
Italy Ridascreen Gliadin 93 NAv* NAv 2
Verma et al. R5 Sandwich ELISA NAv NAv 2.2
(2017)
Brazil Ridascreen Gliadin 130 NAv NAv 28
Farage et al. R5 Sandwich ELISA NAv NAv 21.5
(2016)
Brazil R5 antibody Transia 437 NAv NAv NAv
Mattioni et al. Plate Gluten NAv NAv 1
(2016)
USA Morinaga wheat 275 265 NAv 3
Sharma et al. (2015) protein sandwich 96.4 NAv 1.1

ELISA,

Ridascreen Gliadin

R5 Sandwich ELISA
USA Ridascreen Gliadin 78 NAv NAv 16
Lee et al. (2014) R5 Sandwich ELISA NAv NAv 20.5
Canada Ridascreen Gliadin 77 NAv NAv 7
Gelinas et al. (2008)** R5 Sandwich ELISA NAv NAv 10

*NAv: Not available.
**Breakfast category.

20 mg kg ™', and 82.5 % and 17.5 % had gluten
contents of < 20 mg kg' and > 20 mg kg ',
respectively (Tables 1-3). A significant portion of
mGFFs (82.5 %) were acceptable, and the remain-
ing (17.5 %) were unacceptable according to the
Codex (2015). The figure of 17.5 % sits between
unacceptable figures of 1.1 % and 21.5 % reported
for other markets (Table 1). The unacceptable
ratio of 17.5 % may be assumed reasonable based
on the support of the acceptable figure 82.5 %
from this work and the high unacceptable figures
from other publications (Table 1). Such
a quantitative and comparative approach is mis-
leading and not descriptive, and does not comply
with the underlying meaning and importance of
the food contamination issue. In accordance with
the sensitivity of the issue and the understanding
of no-tolerance, the ratios detected in this work
are not acceptable, e.g. the proportion for the
acceptable mGFFs (82.5 %) is too low and the
proportion for the unacceptable mGFFs (17.5 %)
is too high. The gluten contamination in the high

category shows the severity of the issue in the
market.

Evaluation in the product categories

Distribution of mGFFs is provided in Table 2 for
the product categories in the critical gluten con-
tent intervals, and also for certain gluten content
intervals above 20 mg kg™ to present the level of
the contamination in the categories. It was only in
4 categories that all mGFFs (13 in bread, 15 in
cookie, 6 in cracker and 7 in others, 41 in total)
had a gluten content < 20 mg kg~' forming 20.5 %
of total mGFFs. The remaining 4 categories
(snack, pasta, farina, and traditional) had mGFFs
both with a gluten content < 20 mg kg™’ and
gluten content > 20 mg kg '. Unacceptable
mGFFs come from 50 % of product categories.
The number of mGFFs with a gluten content <
20 mg kg™ in these categories was 124 (9 in snack,
47 in pasta, 48 in farina, and 20 in traditional)
forming 62.0 % of the total. All 35 mGFFs with
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Table 2. Gluten concentration (G) of miscellaneous mGFFs
according to the product categories (mg kg™'). Num: Number
of mGFFs; Ratt: Ratio of mGFFs in the total 200 (%), Ratc: Ratio
of mGFFs in the product category (%).

G<20 G>20
Num Num
Ratt Ratt
Ratc Ratc
Product Num
category Ratt G<5 G520 G20-40 G40-80 G>80
Snack 13 8 1 2 - 2
6.5 4.0 0.5 1.0 - 1.0
61.5 7.7 15.4 - 15.4
Pasta 57 40 7 5 1 4
28.5 20.0 35 25 0.5 2.0
70.2 12.3 8.8 1.7 7.0
Bread 13 12 1 - - -
6.5 6.0 0.5 - - -
923 7.7 - - -
Cookie 15 15 - - - -
7.5 7.5 - - - -
100 - - - -
Cracker 6 6 - - - -
3.0 3.0 - - - -
100 - - - -
Farina 56 37 1 3 1 4
28.0 18.5 5.5 1.5 0.5 2.0
66.1 19.6 54 1.8 7.1
Traditional 33 18 2 5 3 5
16.5 9.0 1.0 25 1.5 25
54.5 6.1 151 9.2 151
Others 7 7 - - - -
35 35 - - - -
100 - - - -
Total 143 22 15 5 15
715 11.0 7.5 25 7.5
100 100 100 100 100
200 165 35
100 82.5 17.5

gluten content > 20 mg kg ' in these categories
accounted for the unacceptable figure of 17.5 %.
The ratio of unacceptable mGFFs was 30.8 % in
the snack category, 17.5 % in the pasta category,
14.3 % in the farina category and 39.4 % in the
traditional category. The ratio of unacceptable
mGFFs in some of these categories is considerably
higher than 17.5 %. Any mGFF from any product
category was supposed to have a gluten content <
20 mg kg~ for consumption with peace of mind.

Average GFF-consumers have a focused-
shopping attitude, e.g. they consume mGFFs mostly
from certain product categories. The highest share
of the pasta category (28.5 %), the farina category
(28.0 %) and the traditional food category (16.5 %)
in total mGFFs collected (Table 2) is a reasonable
indicator for the response of the market to the high
demand for mGFFs in these categories. The aggre-
gate share of mGFFs in these categories is 73.0 % of
the total. GF-pasta (mGFF) is the best imitation of

ordinary pasta (mGCF), farina is the best custo-
mised and cheapest way of making various home-
made mGFFs, and traditional food is the
indispensable taste of the Turkish culture. For
example, the probability of consuming mGFF con-
taminated with gluten is between 14.3 % and 39.4 %
for a consumer who is a dedicated purchaser of
mGFFs from these categories (Table 2). For such
mandatory GFF-consumers, the symptoms would
be long-lasting, and never be linked to gluten inges-
tion since they supposedly adhere to a real GF-diet.
This absolutely compromises the health of manda-
tory GFF-consumers, and overcharges both manda-
tory and voluntary GFF-consumers since mGFFs
are much globally more expensive than mGCFs,
including Turkey (Lee et al. 2007; Lambert and
Ficken 2016; Panagiotou and Kontogianni 2017;
Atasoy et al. 2017). The probability of consuming
an mGFF contaminated with gluten from certain
product categories is apparently most probably
higher than 17.5 % and the issue becomes more
severe than is obviously apparent.

Evaluation in the main ingredient groups

The distribution of mGFFs is provided in Table 3
for the main ingredient groups in the critical glu-
ten content intervals, and also for certain gluten
content intervals above 20 mg kg™ to present the
level of the contamination in the groups. All
mGFFs in only 3 of 7 main ingredient groups (6
in locust, 4 in others and 1 in potato, 11 in total)
had a gluten content < 20 mg kg'. The aggregate
ratio of 11 mGFFs in these groups forming 43 %
of the ingredient groups disproportionally consti-
tute a small portion (55 %) of total mGFFs.
mGFFs with a gluten content > 20 mg kg ™' were
all from the remaining 4 of 7 groups (8 in cereal
mixture, 24 in buckwheat, 2 in corn and 1 in rice,
35 in total). These groups represent 57 % of main
ingredient groups and are responsible for all unac-
ceptable mGFFs. The aggregate ratio of all 189
mGFFs in these groups disproportionally consti-
tutes a very high portion (94.5 %) of total mGFFs.
mGFFs from cereal mixture, buckwheat, corn and
rice groups altogether seem the cause of the unac-
ceptable figure of 17.5 %. Any ingredient group is
supposed to be safe in terms of gluten



Table 3. Gluten concentration (G) of miscellaneous mGFFs
according to the main ingredient groups (mg kg™'). Num:
Number of mGFFs; Ratt: Ratio of mGFFs in the total 200 (%),
Ratg: Ratio of mGFFs in the main ingredient group (%).

G<20 G>20
Num Num
Ratt Ratt
Ratg Ratg

Main ingredient  Num

group Ratt G<5 G520 G20-40 G40-80 G>80
Cereal mixture 86 72 6 3 3 2
430 36.0 3.0 15 15 1.0
83.7 7.0 35 35 2.3
Buckwheat 42 10 8 10 1 13
21.0 5.0 4.0 5.0 0.5 6.5
238 19.0 23.8 2.4 31.0
Corn 38 31 5 1 1 -
190 155 2.5 0.5 0.5
816 13.2 2.6 2.6
Rice 23 19 3 1 -
11.5 9.5 1.5 0.5
826 13.0 43
Locust 6 6 - -
3.0 3.0
100
Others 4 4
2.0 2.0
100
Potato 1 1
0.5 0.5
100 - - - -
Total 143 22 15 5 15
715 11.0 7.5 2.5 7.5
100 100 100 100 100
200 165 35
100 82.5 17.5

contamination to produce and consume an accep-
table mGFF with peace of mind.

The weight of mGFFs with a gluten content >
20 mg kg~ " in the total (17.5 %) distributed as 4.0
% in the cereal mixture group, 12.0 % in the
buckwheat group, 1.0 % in the corn group and
0.5 % in the rice group (Table 3). The weight of
buckwheat in all unacceptable mGFFs was 68.6 %
(24/35*100). Almost every 69 of 100 mGFFs con-
taminated with gluten are made from buckwheat.
The weight of mGFFs with a gluten content >
20 mg kg™' in the group is 9.3 % for the cereal
mixture, 57.2 % for the buckwheat, 5.2 % for the
corn and 4.3 % for the rice (Table 3). Almost 57
out of 100 mGFF made from buckwheat were
contaminated with gluten. The weight of buck-
wheat alone in mGFFs contaminated with gluten
far exceeds the weight of cereal mixture, corn and
rice. The cereal mixture is the second ingredient
group having the most unacceptable mGFFs after
buckwheat (4.0 % in the total, 9.3 % in the group).
It is not known if the cereal mixture has
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buckwheat or not in it. If buckwheat is excluded,
the ratio of mGFFs with a gluten content > 20 mg
kg™' would dramatically reduce to 6.3 % (11/
176*100) from 17.5 % in the total (Table 3). It
goes down to 1.8 % (3/168%100) if the suspicious
cereal mixture is excluded too. These ratios are
comparable with ratios for mGFFs contaminated
with gluten recorded for other markets (Table 1).

Evaluation of buckwheat

The effect of buckwheat on the gluten contamina-
tion becomes more significant when it is examined
with respect to product categories. Distribution of
mGFFs made from buckwheat is provided in
Table 4 for the product categories in the critical
gluten content intervals, and also for certain glu-
ten content intervals above 20 mg kg™' to present
the level of the contamination due to buckwheat.
Buckwheat was used in the production of 42
mGFFs in 6 of 8 product categories (7 in snack,
8 in pasta, 1 in bread, 14 in farina, 11 in tradi-
tional, 1 in others). Only in two categories (bread,

Table 4. Gluten concentration (G) of miscellaneous mGFFs made
from buckwheat according to the product categories (mg kg™).
Num: Number of mGFFs; Ratt: Ratio of mGFFs in the total 200 (%),
Rati: Ratio of mGFFs in the product category (%).

G<20 G>20
Num Num
Ratt Ratt
Rati Rati
Product Num G 20- G 40-
category Ratt G<5 G5-20 40 80 G >80
Snack 7 4 - 1 - 2
35 2.0 - 0.5 - 1.0
57.1 - 14.3 - 28.6
Pasta 8 - 1 3 - 4
4.0 - 0.5 15 - 2.0
- 12.5 375 - 50.0
Bread 1 1 - - - -
0.5 0.5
100 - - - -
Farina 14 4 5 1 - 4
7.0 2.0 2.5 0.5 - 2.0
28.6 357 7.1 - 28.6
Traditional 1 1 2 4 1 3
55 0.5 1.0 2.0 0.5 1.5
9.1 18.2 36.4 9.1 27.2
Others 1 1 - - - -
0.5 0.5
100 - - - -
Total 11 8 9 1 13
5.5 4.0 4.5 0.5 6.5
26.2 19.0 21.4 24 31.0
42 19 23
21.0 9.5 115
100 45.2 54.8
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others) all mGFFs have a gluten content < 20 mg
kg™' although with only one mGFF in each. Their
number does not allow a conclusion that all
mGFFs made from buckwheat in the bread and
others categories are acceptable as this could be
a coincidence. Other 4 product categories (snack,
pasta, farina, traditional) have mGFFs from buck-
wheat both with a gluten content < 20 mg kg™’
and a gluten content > 20 mg kg~'. A significant
portion of product categories (67 %) where buck-
wheat was used had unacceptable mGFFs, while
the remaining 33 % (bread, others) is not clear if
they have completely acceptable mGFFs. The ratio
of mGFFs made from buckwheat with gluten con-
tent > 20 mg kg' is much higher than the appar-
ent total ratio of 17.5 %. It is 42.9 % in the snack,
87.5 % in the pasta, 35.7 % in the farina, 72.7 % in
the traditional categories. These figures would
increase the ratio of unacceptable mGFFs if the
effect of the suspect cereal mixture group is taken
into account (Table 4).

Evaluation of measures

The ratio of unacceptable mGFFs made from buck-
wheat is very high according to all possible evalua-
tions. Buckwheat seems the major cause of the gluten
contamination issue in mGFFs produced in Turkey.
Withdrawing its use would practically alleviate the
issue to a great extent at least until the resolution of
the problem. Verma et al. (2017) analysed miscella-
neous mGFFs in the Italian market and Gelinas et al.
(2008) analysed GF breakfast cereals in the Canada
market for gluten content (Table 1). They emphasised
the high risk of the gluten contamination from buck-
wheat in mGFFs. The use of buckwheat could possi-
bly be a widespread problem in the production of
mGFFs in other countries too and, worse, the gluten
contamination from buckwheat may not be avoidable
with today’s handling and processing conditions.
Crop rotation and shared use of facilities and equip-
ment are common practices in agriculture that may
allow commingling and/or contact of GF and GC
seeds. Shared and concurrent use of equipment and
facilities in mills can lead to commingling of GF and
GC flours. The shared use of facilities, equipment,
concurrent manufacturing may give rise to mixing
and/or contact of GF and GC raw materials and final

products. In short, agricultural, milling and manufac-
turing practices alone or in any combination may be
the source of the gluten contamination in mGFFs.

In studying gluten contamination in buckwheat,
Ulutas (2019) detected gluten content < 20 mg kg™
in whole buckwheat seeds packaged and marketed in
Turkey with the claim of GF. Although we found that
specific manufacturers have produced unacceptable
mGFFs made from buckwheat, the same manufac-
turers are able to produce acceptable mGFFs from
ingredients other than buckwheat under the very
same conditions (Table 5). For example, for manufac-
turer A, the ratio of unacceptable mGFFs is 83.3 % for
buckwheat, 2.9 % for cereal mixtures, and 0.0 % for
corn, rice and others. For manufacturer D, it is 42.9 %
and 0.0 % for buckwheat and cereal mixture, respec-
tively. Other manufacturers had almost the same
results. Though three possible sources given could be
responsible, the milling operation may be speculated
to be the main source of the gluten contamination in
mGFFs. mGFF-producers generally would rather use
buckwheat flour assuming it is GF with no proof. They
are not able to know the history of buckwheat flours.
Instead, they are advised to prefer to have whole seeds
to mill in their own GF facilities. It also protects their
facilities and mGFFs made there from other ingredi-
ents against gluten contamination.

The general scenario would be even worse if
gluten content of mGFFs were evaluated according
to the above suggested limit of 5 mg kg™'. Any ratio
for acceptable mGFFs would get much smaller
(71.5 %) and for unacceptable mGFFs would get
much greater (28.5 %) (Table 2). Though according
to the effective regulation, the limit of 20 mg kg™ is
enough, gluten content 5-20 mg kg™ is a robust
sign of the gluten contamination. The gluten con-
tamination issue in GFFs is a critical problem for
both mandatory and voluntary GFF-consumers not
only in Turkey but also in other countries, too
(Table 1). The gluten contamination in GFFs is
not a technical matter; rather it is a regulatory
matter. Producing acceptable mGFFs together
with unacceptable mGFFs is a strong indicator to
the technical ability of manufacturing mGFFs with-
out gluten contamination (Table 5). The issue
could readily be resolved by an amendment in the
current regulations (TFC 2012; FDA 2013; EC
2014) by enforcing preventive activities.
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Table 5. Gluten concentration (G) in miscellaneous mGFFs according to manufacturers* and the main ingredient groups
(mg kg™"). Num: Number of mGFFs manufactured by the specified manufacturer, Rati: Ratio of mGFFs in the main ingredient

group (%).

G<20 G>20
Num Num
Rati Rati
Main
Manufacturer ingredient Num
Num group Rati G<5 G 5-20 G 20-40 G 40-80 G > 80
A Buckwheat 24 1 3 8 1 1
71 33.8 42 12.5 333 42 458
Cereal 35 31 3 1 - -
mixture 49.3 88.6 8.6 29
Corn 7 5 2 - - -
9.9 714 28.6 - - -
Rice 2 1 1 - - -
2.8 50.0 50.0 - - -
Others 3 3 - - - -
42 100 - - - -
B Buckwheat 6 - 5 1 - -
1 54.5 - 833 16.7 - -
Cereal 5 5 - - - -
mixture 45.5 100 - - -
C Buckwheat 5 5
18 27.8 100 - - - -
Cereal 13 4 3 2 2 2
mixture 72.2 30.8 23.0 15.4 15.4 154
D Buckwheat 7 4 - 1 - 2
9 77.8 57.1 143 28.6
Cereal 2 2 - - -
mixture 2222 100 - - - -

*Manufacturers using both buckwheat and other main ingredients in their facilities.

The current regulations focus on post-market
activities such as sampling, periodic inspection,
label reviews, following up complaints, and ana-
lysis when needed, etc. to check if a GFF is
really GF as claimed. Such activities do not
protect GFF-consumers from consuming GFFs
contaminated with gluten and they could readily
become victims of the consumption until such
activity stops. The current regulations do not
force the mGFF-producers to determine gluten
content in their raw materials and final pro-
ducts. They just keep the manufacturers respon-
sible for ensuring the GF claim is correct. Pre-
market activities such as enforcing to do so and
prohibiting releasing of mGFFs with a gluten
content > 20 mg kg™ ' into the market would
be more effective. The food contamination issue
should be under the strict control of the regula-
tion even if the beneficiary focus group is in
a minority.

Even one mGFF contaminated with gluten in
a product category and/or in an ingredient
group has enough potential to make GFF-
consumers suspicious of all mGFFs produced
in a country. Enforcing pre-market practices is
in favour of mGFF-producers meeting the

regulation will distinguish them from others
not meeting it. The enforcement is also for the
benefit of producers who are not able to meet
the regulation by providing an opportunity to be
aware of the issue and to be part of the solution
rather than the issue.

Conclusions

A significant proportion of mGFFs produced in
Turkey (17.5 %) have a gluten content > 20 mg kg™,
e.g. they are contaminated with gluten and unaccep-
table. Mandatory GFF-consumers must not consume
them for their health and well-being. Both mandatory
and voluntary GFF-consumers do not wish to con-
sume them but are being cheated economically.
Buckwheat is the main culprit for the high ratio of
unacceptable mGFFs produced in Turkey. If it is not
used, the ratio of mGFFs contaminated with gluten
drops dramatically and would go down to 6.3 %
(probably to 1.8 %) which is easily comparable with
the proportions reported for other countries. The
issue of gluten contamination is experienced all over
the world, and it could readily be resolved to a great
extent if the current regulations are amended to focus
on pre-market practices together with post-market
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practices. The amendment could enforce mGFF-
producers to detect gluten content in their raw mate-
rials and final products, and deprive them of releasing
unacceptable mGFFs into the market. This work is an
initiative for the Turkish market and the level of the
issue was not established for the majority of markets.
Surveys for detecting gluten contamination in GFFs
should be conducted periodically for every market to
assess the problem and contribute to the resolution of
the issue.
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