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Perception — Is Rice Really Gluten Free?

SUMMARY

Research background. Gluten contamination is the main concern of those who fol-
low a gluten-free diet. Although rice is naturally gluten-free, previous studies have iden-
tified gluten contamination of rice that can occur during processing, storage, handling
or cooking. As a result, consumer confidence may be affected, emphasising the need
to examine how these concerns shape their risk perceptions and influence their subse-
quent decisions. This study aims to evaluate: (i) the perceived risk of gluten contamina-
tion among gluten-free diet followers and (ii) the actual presence of gluten contamina-
tion in commercially available rice on the Croatian market.

Experimental approach. This cross-sectional study combined survey methods and
laboratory analysis. An online questionnaire was used to assess the perceived risk of
gluten contamination in rice among individuals following a gluten-free diet (N=66). The
presence of gluten in forty-one samples of white, brown and parboiled rice from six
producers on the Croatian market was then analysed using an enzyme-linked immu-
nosorbent assay (ELISA).

Results and conclusions. Laboratory assays failed to detect gluten in any of the rice
samples (limit of quantification 5 mg/kg), yet 54 (82 %) respondents expressed high un-
certainty about the risk of gluten contamination in rice. These results show a significant
discrepancy between consumer perception and scientific evidence. They emphasise
the need for improved communication and clearer labelling to build consumer trust
and support informed dietary choices.

Novelty and scientific contribution. This study highlights the gap between the per-
ceived and actual risk of gluten contamination in naturally gluten-free food and em-
phasises the importance of addressing consumer concerns through better education
and transparent product information.

Keywords: gluten-free diet; rice; consumer perception; ELISA; food safety; Croatian mar-
ket

INTRODUCTION

Rice is a staple food for millions of people around the world, and its high nutrition-
al value and versatility make it a popular part of many diets (7). It is naturally free of glu-
ten, a protein found predominantly in wheat, barley and rye, which should be avoided
by individuals with coeliac disease to avoid damaging immune responses (2), as well as
those with non-coeliac gluten sensitivity. Although coeliac disease affects approx. 1 %
of the global population (3), the gluten-free market has grown far beyond this group
(4). This growth is largely driven by individuals who choose a gluten-free diet for vari-
ous other reasons, including perceived health benefits, weight management or adher-
ence to popular dietary trends (5-7).

Rice should therefore be regarded as compatible with a gluten-free diet, yet rice,
like other nominally ‘gluten-free’ foods can become contaminated with gluten during
processing, storage, handling and cooking (8). In fact, gluten has been found in com-
mercial samples of not only rice, but also other grains naturally free of gluten, including
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corn, oats and buckwheat (9,70). Likewise, it has been detect-
ed in foods not naturally gluten-free but manufactured or
processed to remove gluten and labelled as ‘gluten-free’ (17—
15). The unintended presence of gluten in products that are
either naturally gluten-free or explicitly labelled as glu-
ten-free raises significant concerns for consumers on a glu-
ten-free diet. They increase the perceived risk of gluten ex-
posure, which may influence their future food choices by
leading to increased caution and mistrust of food labelling
and safety guarantees. This highlights the continuing need
for vigilance and systematic testing of gluten-free foods
(76,17).

Reading and interpreting food labels is crucial for people
on a gluten-free diet as they rely on this information to ensure
the safety of their food choices. Food products whose normal
gluten content has been reduced or eliminated through sub-
stitution of ingredients or through specific procedures of
preparation or processing may bear the labels 'gluten-free’
(less than 20 mg/kg) or 'very low gluten’ (less than 100 mg/
kg) in the European Union, as defined by EU Commission Im-
plementing Regulation 828/2014 (78) based on Codex Ali-
mentarius Standard (79). According to the Regulation, such
claims must be presented in a way that does not mislead or
confuse consumers. In addition to labelling, many gluten-free
products, especially those intended for people with coeliac
disease, carry voluntary certification marks such as the
crossed grain symbol, which guarantees compliance with the
AOECS (Association of European Coeliac Societies) rigorous
safety and tasting standards (20).

However, whether consumers on a gluten-free diet actu-
ally believe the food to be sufficiently safe is another ques-
tion. This mistrust on the part of consumers is based on the
fact that gluten (>20 mg/kg) is also found in foods that are
labelled as gluten-free (9,77). In addition, naturally glu-
ten-free foods may bear the label ‘may contain traces of glu-
ten’ if the manufacturers think cross-contact is possible,
which may leave consumers even more confused and uncer-
tain about whether they can safely consume the food. This
doubt, perceived by individuals on a gluten-free diet, deter-
mines whether they will choose to consume the food. De-
spite increasing market availability, gluten-free products re-
main a concern due to limited consumer understanding of
labelling and the risk of cross-contamination and mislabel-
ling (27).

Concerns about possible gluten contamination in natu-
rally gluten-free foods, such as rice, can undermine consum-
er confidence. It is therefore important to investigate how
such concerns shape individual risk perceptions and subse-
quently influence food choice and adherence to dietary re-
strictions. To fill this knowledge gap, a two-pronged ap-
proach was taken in the present study. First, an online
questionnaire was used to assess the perceived risk of gluten
contamination in rice among individuals following a glu-
ten-free diet, and second, laboratory analyses were used to
determine the actual presence of gluten in rice samples

available on the Croatian market. The aim of this study is to
compare the perceived riskamong consumers with the actu-
al risk of gluten contamination.

MATERIALS AND METHODS

Rice sampling and ELISA assay for gluten contamination

Forty-one rice samples from six manufacturers were ran-
domly sampled from 78 rice products available on the Cro-
atian market at the time of this study, including white rice,
integral rice and parboiled rice. All samples were obtained
from local supermarkets in 2020 and were imports because
rice is not cultivated commercially in the country (Table S1).

Each of the 41 rice samples was ground to a fine powder
using a grinder, sieved through a 0.5 mm mesh sieve and
stored in a plastic tube at room temperature. After each sam-
ple had been processed, the grinder, sieve, metal spoon and
metal scissors were thoroughly washed, disinfected with 70
% alcohol and dried before the next sample.

Each rice product was analysed in duplicate for the pres-
ence of gluten using the RIDASCREEN® Gliadin sandwich R5
enzyme-linked immunosorbent assay — ELISA (R-Biopharm,
Darmstadt, Germany) according to the manufacturer’s in-
structions as described below. Powdered samples (0.25 g)
were weighed out using an analytical balance and placed in
test tubes for analysis. A volume of 2.5 mL of RIDASCREEN®
cocktail solution was added to the test tube with rice, the so-
lution was gently mixed and the tube was incubated in a wa-
ter bath at 50 °C for 40 min. The samples were allowed to sit
at room temperature for 10 min, then 7.5 mL of 80 % ethanol
were added and the mixture was left on a shaker for 60 min
atroom temperature. The samples were centrifuged (Rotofix
32 A; Hettich, Tuttlingen, Germany) for 10 min at 2500xg at
room temperature, and an aliquot (80 uL) of the supernatant
was diluted with RIDASCREEN® buffer for subsequent assay.
As a positive control, gluten-containing FAPAS® Quality Con-
trol Cake Mix (Fera Science, York, UK) was used.

Concentrated solutions of the buffer, conjugate and wash
buffer from the above-mentioned kit were diluted according
to the manufacturer’s instructions. Assay plates coated with
R5 anti-gliadin antibodies were filled with 100 uL of manu-
facturer-supplied standard (0 to 80 ng/mL gliadins) or sample
solution in duplicate, and plates were incubated for 30 min
at room temperature. Wells were washed three times with
250 uL of diluted wash buffer, then 100 pL of enzyme conju-
gate were added to each well and the plates were incubated
for 30 min at room temperature. Each well was washed three
times with 250 uL of wash buffer, then 50 pL of substrate and
50 uL of chromogen were added to each well, and plates were
incubated for 30 min at room temperature in the dark. Final-
ly, a stop solution was added and absorbance was measured
at 450 nm using a microplate spectrophotometer (absor-
bance microplate reader ELx800; BioTek Instruments, Inc.,
Winooski, VT, USA). Results were generated using RIDASOFT®
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Win software (R-Biopharm). Gluten results are expressed as
mass fraction in milligrams of gluten per kilogram of sample
(mg/kg), in accordance with the ELISA method used (RIDAS-
CREEN?® Gliadin). Values were calculated based on gliadin con-
tent and multiplied by a factor of 2, as recommended, to ob-
tain the total gluten content. The limits of detection (LoD) and
limits of quantitation (LoQ) were defined according to the
manufacturer’s instructions for the RIDASCREEN® Gliadin ELI-
SA kit (R-Biopharm). The LoD was 0.5 mg/kg of gliadin, which
corresponds to 1 mg/kg of gluten. The LoQ was 2.5 mg/kg of
gliadin, equivalent to 5 mg/kg of gluten.

According to Codex Alimentarius (79) and EU Regulation
No 828/2014 (18), the threshold for a product to be considered
gluten-free is <20 mg/kg of gluten. This limit was used as a
reference point for interpreting the analytical results.

Survey of consumers who follow a gluten-free diet

For this cross-sectional study, 66 individuals, of which 88
% were female, adhering to a gluten-free diet were recruited
through the local coeliac society, representing approx. 67 %
of its membership. Data were collected between April and
May 2020. Of the respondents, 46 adults completed the on-
line questionnaire independently, while caregivers complet-
ed the questionnaire on behalf of 20 minors who follow a
gluten-free diet. The questionnaire was completed anony-
mously via an online platform to ensure voluntary participa-
tion. Before accessing the survey, all participants gave their
informed consent electronically; those who refused consent
were kindly asked to leave the survey link. The study was ap-
proved by the Ethical Committee of the Faculty of Food Tech-
nology and Biotechnology, University of Zagreb (Zagreb, Cro-
atia) under the number 251-69-12-25-16.

Questionnaire

The questionnaire comprised a total of 29 questions, of
which 9 were open- and 20 closed-ended questions. The
questionnaire assessed knowledge, behaviour and beliefs
about a gluten-free diet, as well as the perception of the risk
of gluten contamination in rice. Part of the survey was the
Gluten-Free Eating Assessment Tool (22), which was designed
to assess self-reported adherence to a gluten-free diet, per-
ceived risk of gluten exposure, and dietary knowledge and
behaviour to identify areas where individuals may need ad-
ditional support or education and where they may experi-
ence difficulties related to a gluten-free diet (23). In addition
to the standard questionnaire questions, we added questions
about beliefs and consumption of gluten-free food, including
questions assessing the perceived risk of gluten contamina-
tion in rice and other naturally gluten-free food. Two ques-
tions assessed the level of trust in gluten-free labelling using
a 5-point Likert scale (1=minimum trust to 5=maximum trust).
Participants were asked to indicate the extent to which they
trust manufacturers that use the crossed grain symbol on
their products and those who use the gluten-free label on the
packaging.

Statistical analysis

Data were reported as N (%), meantstandard deviation
(S.D.) or median and interquartile range (IQR), as appropriate.
Chi-square test was used to assess the difference in trust be-
tween the crossed grain symbol and the gluten-free label,
with p<0.05 interpreted as indicating a significant difference.
Data were analysed statistically using SPSS v. 23.0 (Chicago,
IL, USA).

RESULTS AND DISCUSSION

Analysis of gluten contamination in rice on the
Croatian market

Gluten was not detected in any of the 41 samples of
white, brown or parboiled rice, based on a validated analyti-
cal method with a limit of quantification of 5 mg/kg (Fig. 1).
The rice used in samples was cultivated in Italy, Pakistan, In-
dia, France and elsewhere in the European Union. For this
reason, the results are not only relevant to the Croatian mar-
ket where the study was conducted, but may also reflect a
broaderissue relevant to international food safety and trade.
The results suggest that the rice available on the market is
gluten-free and does not pose risks to individuals following
a gluten-free diet. These results are in contrast to some stud-
ies that have found a low frequency and level of contamina-
tion inrice on the Italian and Swedish markets (9,24). Strarsud
et al. (24) found that out of 7 rice samples, 5 contained less
than 20 mg/kg gluten, and two samples contained between
20 and 200 mg/kg. Verma et al. (9) found gluten contamina-
tion >20 mg/kg only in one of 24 rice samples. Even the occa-
sional contamination in these studies highlights that the risk
of contamination is real. Indeed, a study in the USA did not
detect gluten contamination in rice, but it did in other natu-
rally gluten-free grains such as millet (8), reflecting the poten-
tial for cross-contamination during cultivation, processing,
transport and storage. Similarly, a study conducted in Canada
showed that naturally gluten-free flour is not exempt from
this risk. It reported that 9.5 % of samples had gluten mass
fractions above 20 mg/kg, including rice flour, with gluten
mass fractions ranging from 6 to 1485 mg/kg in brown rice
flour (25). In another study, gluten contamination was even
found in prepared rice-based dishes such as risotto. Although
the gluten content in the samples was below 20 mg/kg, the
estimated intake per serving was 3.45 mg gluten (26). These
observations highlight the importance of robust quality con-
trols throughout the food supply chain.

Survey of Croatians on a gluten-free diet and their
perception of rice as gluten-free

The sample of our survey, which was predominantly fe-
male (58 of 66 respondents), was (38+8) years old and includ-
ed 20 minors whose caregivers completed the questionnaire
on their behalf (Table 1). Respondents reported having fol-
lowed a gluten-free diet for a median of 3 years (interquartile
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Fig. 1. Testing of rice on the Croatian market for the presence of contaminating gluten. Results are shown for duplicate samples. The horizontal
dotted line indicates the limit of detection (LOD), while the horizontal solid line indicates the limit of quantification (LOQ). Samples are described

in detail in Table S1

Table 1. Questionnaire items assessing characteristics and dietary
practices of individuals on a gluten-free diet in our cross-sectional
survey (N=66)

Question Response N/%
What are the reason(s) Autism 0
that you follow a Dermatitis herpetiformis 5
gluten-free diet?* Coeliac disease 59
Allergy/sensitivity 16
Inflammatory bowel syndrome 8
Healthier lifestyle 7
Body weight control 2
Other 2
Have you had a Yes 920
duodenal biopsy to No 10
look for celiac disease?
Please describe your  No restrictions 1
current diet Strictly gluten-free 80
Usually gluten-free with rare 5
intentional gluten consumption
Usually gluten-free with rare 9
unintentional gluten consumption
Trying to be gluten-free but not 5
always sure
Do you avoid or Yes 65
restrict any food(s) No 35
other than gluten?
What is your main Family physician 3
source of information  |nternet 28
g?ei;j: agluten-free Dietician/nutritionist 5
Cookbook 4
Coeliac support group 19
Print media 2
Other patients with coeliac disease 24
Gastroenterologist 12
Medical book 3

*Respondents could select multiple answers

range, 1.5-5.0), indicating relatively long-term commitment
and experience. Most respondents reported following a glu-
ten-free diet because of coeliac disease (N=49), while a small-
er number cited various other reasons. This is in line with gen-
eral trends, which show that the market for gluten-free foods
is growing (4), not only because of diagnosed cases of coeliac
disease, but also because more and more people believe they
have non-coeliac gluten sensitivity (6,7) and choose gluten-
free products for the perceived health benefits (5).

Of the 66 respondents, most (68 %) reported that they
were uncertain whether the rice that they consumed was
contaminated with gluten and only 12 felt certain it was not.
The high level of uncertainty among consumers about glu-
ten contamination in rice, although we demonstrated a low
risk, could affect dietary choices. Many people trying to ad-
here to a gluten-free diet follow the ‘'when in doubt, avoid it’
rule, so if they see a ‘gluten-free’ label on a food, which is not
usually found on the packaging of naturally gluten-free
foods such as rice, they may prefer to avoid it altogether. Sur-
prisingly, when participants were asked to indicate which
packaged foods — that are not specifically labelled as glu-
ten-free or come from trusted manufacturers — they avoid
for fear of gluten contamination, rice was the least avoided
of the listed food (Fig. 2). This is particularly notable given
that the majority of respondents consider rice to be a risk for
gluten contamination. This discrepancy highlights the dis-
parity between perceived risk and actual avoidance behav-
iour and suggests that additional factors may influence die-
tary choices in this context, including knowledge and
awareness of gluten sources (22), social influences from fam-
ily and peers (27), economic constraints given the higher cost
of gluten-free products (28-30), all of which may lead to
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either stricter avoidance or a more relaxed attitude towards
a gluten-free diet.

Concerningly, our survey also shows that many naturally
gluten-free foods such as processed meat, ice cream, corn
flakes, potato chips, polenta, seeds, dried fruit, chocolate,
nuts and mouldy cheese are avoided (Fig. 2). These products
often fall into a 'grey area’ where the presence of gluten is
possible, leading consumers to avoid them altogether. The
fact that healthy foods such as seeds, nuts and dried fruit are
avoided is worrying, as a gluten-free diet (GFD) is primarily
about ensuring that the food is not contaminated with glu-
ten, while nutritional quality does not seem to be a priority.
This avoidance may be a major reason why the gluten-free
diet is unbalanced and why up to 38 % of people on a glu-
ten-free diet are deficient in macro- or micronutrients (30-
34).

PROCESSED

CHOCOLATE

Fig. 2. Percentage avoiding food due to fear of gluten contamination
among individuals on a gluten-free diet (N=66)

The perception gap regarding gluten contamination is
critical because it shows that objective scientific evidence
aloneis not sufficient to influence consumer beliefs, especial-
ly in sensitive areas such as dietary restrictions related to
health issues. Research on risk perception supports this idea
and shows that subjective factors such as social influence and
trustin information sources often carry more weight than ob-
jective data (35). In today’s digital age, the internet is the main
source of information for many, but itis a platform where the
accuracy and reliability of content can be questionable. No-
tably, the internet was the primary source of information for
most respondents (82 %), followed by peer groups (Table 2).
Indeed, a significant number of people diagnosed with coe-
liac disease shared their experiences and difficulties on Tik-
Tok, demonstrating how social media serves as a platform for
patients to connect and seek support (36). Studies show that
while platforms are effective in disseminating information,
they also spread misleading content and questionable accu-
racy, which has a significant potential to mislead people

following a gluten-free diet (37-39). This emphasises the
strong influence of informal networks, including social me-
dia, where misinformation or anecdotal evidence can spread
rapidly and shape collective beliefs.

Respondents expressed significantly higher trust in a
symbol indicating gluten-free food than in the word-based
‘gluten-free’ label (p<0.05), but only 59 % of respondents said
they did not consume foods labelled with ‘'may contain glu-
ten’ and 76 % of respondents said they were generally dissat-
isfied with gluten labelling on food products (Table 2). Clear
and consistent communication about both the inherently
gluten-free nature of rice and other gluten-free grains and
the risk of cross-contamination, which requires careful pro-
cessing and handling, is crucial to reduce consumer anxiety
and promote informed decision-making. Part of this commu-
nication involves easily understandable labelling of foods,
but most respondents expressed overall dissatisfaction with
the labelling of gluten-free products, despite European reg-
ulations on allergen labelling (40) and gluten labelling (78).
According to these regulations, gluten-free foods such as rice
can, of course, be labelled as gluten-free, but such labelling
imposes additional costs and responsibility for the manufac-
turer to check whether the food is gluten-free and to prevent
cross-contamination during the production process. Our sur-
vey showed that respondents trust the crossed grain symbol
much more than the ‘gluten-free’ label (p<0.05), which could
be due to the fact that the crossed grain symbol certified by
AOECS involves strict certification and compliance checks
(20), whereas the general ‘gluten-free’ label indicates compli-
ance with legal limits without necessarily implying third-par-
ty verification. Whether this stronger trust reflects an actual
lower risk of gluten contamination should be investigated in
future work.

Table 2. Cross-sectional survey on beliefs about gluten contamina-
tion among the individuals on a gluten-free diet (N=66)

Question Response N/%
Do you consume naturally Yes 91
gluten-free grains? No 9
Do you consume products Yes 4
labelled with ‘May contain
gluten’? No 59
Are you satisfied with gluten Yes 24
labelling on food products? No 76
Yes 14
Is raw rice on the market No 18
contaminated with gluten?
Not sure 68
Mean
value+S.D.
How much do you trust the Scale from 1
‘crossed grain’ symbol indicating  (minimal trust) to  (4.2+0.9)*
that a food is gluten-free? 5 (maximal trust)
Scale from 1
How much do you trust the (minimal trust) to  (3.6+1.0)*

. fran
label ‘Gluten-free"? 5 (maximal trust)

*These two values differ significantly from each other according to
the x” test (p<0.05)
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Strengths and limitations

The analysis of rice on the Croatian market included sam-
ples from different producers and a wide range of processing
methods. Nevertheless, some limitations should be consid-
ered when interpreting the results. The survey had a relative-
ly small sample size (N=66) and was based on self-reporting,
which may be subject to recall bias. However, as the question-
naire was conducted online and anonymously, this likely re-
duced social desirability bias and encouraged more honest
responses from participants. In addition, the sample was pre-
dominantly female, which, although consistent with the pre-
viously reported ratio of women to men in adherence to the
gluten-free diet (47), may limit the generalisability of the re-
sults to the wider population. Regarding the method of anal-
ysis, gluten content was measured with a single ELISA kit. The
various commercial ELISA kits differ in their gluten detection
due to differences in antibodies and extraction methods,
leading to inconsistent results across platforms. Problems
such as matrix effects and extraction inefficiencies, which of-
ten occur with complex or processed foods, are less relevant
with raw rice samples. However, the lack of standardised cali-
bration and the varying sensitivity of the kits can affect the
accuracy of gluten quantification (42).

CONCLUSIONS

The results of this study show that the rice samples tested
contain no detectable amounts of gluten. This indicates a low
or negligible risk of gluten contamination and reassures peo-
ple who follow a gluten-free diet. However, the majority of
respondents who follow a gluten-free diet are unsure about
therisk of gluten contamination in rice, which emphasises the
need for solutions that facilitate the selection of foods that
are safe for consumption. Clearly, future research should in-
vestigate not only how the risk of gluten contamination in
rice and other naturally gluten-free grains can be minimised
to reduce consumer anxiety, but also how perceived risk in-
fluences food choices and ultimately affects the overall qual-
ity of the diet of individuals who follow a gluten-free diet.
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