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ABSTRACT 
Celiac disease, gluten sensitivity and gluten intolerance are health conditions that require 
consumers to avoid their gluten intake. In Costa Rica, Law 8975 regulates the amount of 
gluten permitted in prepackaged products labeled as “gluten-free”, but the parameters to be 
followed are not mandated for food service operations. This study investigated whether 
restaurants with gluten-free (GF) options in a gastronomic area of the city of San José, Costa 
Rica, achieved the requirements of the legislation that the dishes offered should contain less 
than 20 ppm gluten. Using data collected from five restaurants offering GF dishes, two pro-
vided dishes with quantities of gluten greater than 20 ppm (restaurant A, four samples and 
restaurant B, three samples); particularly dishes from the category “meat with sauce”. Al-
though those dishes are naturally gluten-free, when they are handled in areas of shared 
production, they are exposed to the risk of cross contact, furthermore the adding of miss-
cellaneous such as: marinades, sauces and condiments, which could contain traces of gluten 
or hidden gluten, a risk associated with the use of ingredients without certification GF 
(supplier’s practices and label declaration). Therefore improvements in food service proce-
dures should be enforced. The findings of the present study emphasize the need to include 
restaurant foods in the relevant legislation to ensure that the gluten-intolerant sector of the 
population remains safe when eating out.  

 

1. INTRODUCTION 
In 2014, authorities in Costa Rica published the “National Standard for the care of people with celiac 

disease”, which requires that foods declared gluten-free must contain less than 20 mg of gluten per kilo-
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gram of food or 20 parts per million (ppm). This standard was developed in response to requests from 
people with a diagnosis of celiac disease and other pathologies (non-celiac sensitivity to gluten and allergy 
to wheat). This disease leads to adverse reactions to the consumption of gluten, a set of proteins composed 
of prolamines and glutenins, which occur naturally in wheat, barley and rye [1-3]. 

Celiac disease is an autoimmune illness, which damages the mucosa of the small intestine, with the 
consumption of more than 20 ppm in a food representing a danger to the health of any celiac [4]. Among 
the clinical manifestations are diarrhea, vomiting, alterations typical of malabsorption, growth retardation 
in children, as well as anemia and osteoporosis [5, 6]. 

Most of the restaurants offering GF dishes in the gastronomic area of the study used shared produc-
tion areas but had inadequate operational processes to ensure that the dishes offered as GF complied with 
the provisions of standard N˚. 38514-S, the relevant legislation operating in Costa Rica. This situation 
represents a potential risk to the health of people with adverse reactions to the consumption of gluten. 
Therefore, our study aims to quantify the gluten content in preparations offered as “GF” available in a ga-
stronomic area and to use as a reference a restaurant with an exclusive GF offer (non-shared production), 
located in San José, Costa Rica. 

2. MATERIALS AND METHODS 
2.1. Sample 

The samples were taken directly from the plate and without prior notice (as any other consumer 
would do in the restaurant). The samples were placed in a sterile container, following the same procedure 
for each of them. The food samples were taken mostly in triplicate, at random, from six dishes declared as 
gluten-free (according to the recommendation of the waitress or labeled in the menu) and selected at five 
restaurants identified as supplying gluten-free dishes in the geographical area of San José, Costa Rica. One 
of the five restaurants offered dishes which were exclusively gluten-free. 

2.2. Taking the Sample 

A portion of each food that makes up the dish served at the table was collected in a test tube, using 
restaurant utensils (knives, spoons, forks, etc.). The samples represented the normal service flow in a res-
taurant for a food before being consumed by a person with celiac disease. The samples were labeled with 
the name of the dish and where it was sampled. The process was observed and recorded. 

2.3. Transport and Storage of the Samples 

The samples were transported to the analysis laboratory in a cooled container then stored in a refri-
gerator at 4˚C until weighing before analysis.  

2.4. Sample Preparation and Weighing 

Approximately 5 g of the sample were taken, then crushed and homogenized using an electric mincer. 
After processing, three amounts of approximately 0.25 g were weighed accurately using an analytical bal-
ance. 

2.5. Gliadin Extraction and Quantification 

The Veratox® kit for Gliadin R5 was used to determine the gluten concentration in the sample. This 
analysis is a sandwich-type enzyme-linked immunosorbent assay (S-ELISA) [7]. 

The gliadin was extracted from the samples using an 80% ethanol solution using a shaker. The extract 
was diluted in Phosphate Buffered Saline (PBS) then added to the R5 antibody-coated wells (capture anti-
body) where the gliadin binds to the antibody during the incubation period. Any unbound gliadin was 
then washed away, and gliadin-binding detector antibody was added for another incubation period. After 
washing away any unbound antibody, a one-step substrate was added. The stop reagent was then added 
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and the solution color observed. The optical densities of the standards form a curve, so that the optical 
densities of the samples can be plotted against the curve to calculate the exact concentration of gliadin in 
parts per million (ppm). This method has a quantitation range from 2.5 to 40 ppm of gliadin (5 - 80 ppm 
gluten), which was deemed adequate for the present study. It should be noted that the gliadin concentra-
tions obtained were multiplied by 2, because the concentration of gluten in food is calculated on the basis 
of its two glycoprotein components, gliadin and glutenin [8]. 

2.6. Statistical Analysis 

Excel 2016 (Microsoft Office) was used for the statistical analysis. The average, standard deviation 
and confidence level (1 − α = 99%) of the gluten concentrations of each dish were calculated using the fol-
lowing equations [9]: 

The lower and upper limits of the confidence interval are given by x z
n
σ

− ×  and x z
n
σ

+ × ,  

respectively, where: x : average of the same samples; σ: standard deviation of the average; n : square 
root of the number of samples obtained or each dish; and “−z” and “+z” refer to the probability associated 
with the confidence level 99% (1.8856). The proportions of dishes that exhibited gluten concentrations 
higher than 20 ppm were determined according to restaurant and dish category. 

3. RESULTS AND DISCUSSION 
During the research period, there were changes in the menu of three of the selected restaurants, for 

which it was not possible to collect the third sample of four of the dishes. Therefore, the total of samples 
analyzed corresponds to 86 dishes. 

After analysis using the Veratox® Gliadin R5 Kit, based on the ELISA method for gliadin quantifica-
tion, 4 of the 30 dishes sampled exhibited a gluten content greater than 20 ppm (Table 1). Using confi-
dence intervals based on the results from these four dishes, two (dishes A1 and B4) had a high probability 
(99%) of their gluten content being higher than allowed by Standard 38514-S due to gluten transfer 
through cross contact. However, the other two dishes (A4 and B6), based on the lower confidence limit, 
indicated that the samples were indeed gluten-free (<20 ppm). 

When comparing the results from the reference restaurant (code E) with the dishes obtained from 
restaurants using shared production methods [10], suggested that the application of guidelines and opera-
tional processes during the different stages of preparation would help to prevent cross contact with gluten. 
These results and those of Vincentini et al. [11] and Villegas et al. [12], reaffirm that restaurants using 
shared production methods represent a potential risk to the health of consumers who require a gluten-free 
diet. 

Gluten was found in amounts higher than that allowed by the standard (>20 ppm) in 7 of the 86 sam-
ples analyzed (8.1%). Of the four restaurants where shared production was used (gluten-containing and 
gluten-free dishes), it was found that two of them had at least three samples with gluten concentrations 
greater than 20 ppm (Table 2). The samples of dishes from restaurant (reference “E”) which offered exclu-
sively GF dishes, did not contain gluten at concentrations above 20 ppm. 

The findings from previous studies have been widely documented as exposing certain consumers to a 
potentially dangerous situation, because the presence of traces of gluten can be enough to cause clinical 
problems for consumers requiring a GF diet, and thus compromise their health [13-16]. 

When comparing the gluten concentrations of dishes defined by categories “Starters”, “Main Course 
(based on meat)” and “Vegetarian Options”, those with more than 20 ppm were identified only in the 
meat with sauce group (Table 3). The statistical analysis and the calculated confidence intervals suggest 
that, in a selection of 100 main dishes based on meats in these restaurants, 99% of the time the dishes will 
contain a gluten concentration > 20 ppm (74.41 - 104.63 ppm). This means that the consumer cannot be 
sure that the dish is GF because the gluten concentration exceeds 20 ppm in the confidence interval even 
though meat is naturally gluten-free [17]. 
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Table 1. Confidence intervals for the gluten concentrations of each dish sampled from restaurants in 
the gastronomic area of San José. 

Dish 
code 

Category 
Numbers 

of samples 

Gluten 
concentration* 

(ppm) 

Lower 
limit* 
(ppm) 

Upper 
limit* 
(ppm) 

A1 Meat with sauce 3 >20 >80 >80 

A2 Bread-Wheat flour substitute 3 8.29 ± 4.99 <5 13.72 

A3 Pasta 3 <5 <5 <5 

A4 Meat with sauce 3 >20 <5 >80 

A5 Rice dishes 3 7.46 ± 1.19 6.16 8.76 

A6 Cold meat 3 <5 <5 5.21 

B1 Sea food 3 <5 <5 5.81 

B2 Rice dishes 3 <5 <5 6.95 

B3 Salad with meat 3 <5 <5 5.37 

B4 Meat with sauce 2 >20 >80 >80 

B5 Cold meat 3 <5 <5 6.10 

B6 Meat with sauce 2 >20 <5 >80 

C1 Corn meal vegetarian 3 <5 <5 <5 

C2 Corn meal with meat 3 <5 <5 <5 

C3 Corn meal with meat 3 <5 <5 <5 

C4 Fry food 3 <5 <5 5.59 

C5 Fry food 2 <5 <5 <5 

C6 Corn meal with meat 3 <5 <5 <5 

D1 Vegetarian with sauce 3 7.56 ± 6.30 <5 14.42 

D2 Costa Rican food (without sauce) 3 <5 <5 <5 

D3 Sea food 3 <5 <5 <5 

D4 Salad (vegetables only) 3 7.85 ± 3.41 <5 11.56 

D5 Costa Rican food (without sauce) 3 <5 <5 <5 

D6 Costa Rican food (without sauce) 3 <5 <5 <5 
E1 Sea food 3 <5 <5 14.42 
E2 Rice dishes 3 <5 <5 <5 
E3 Fry food 3 <5 <5 <5 
E4 Corn meal with meat 2 <5 <5 <5 
E5 Costa Rican food (without sauce) 3 <5 <5 <5 
E6 Corn meal 3 10.27 ± 6.08 <5 16.89 

*Values below 5 ppm and above 80 ppm are not shown due to the scope of the method. 
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Table 2. Summary of quantity and proportion of dishes analyzed according to their gluten content in 
five restaurants in the gastronomic area of San José, Costa Rica. 

Restaurant Total no. samples 
Gluten concentration (ppm) 

<5 5 - 19 >20 Proporción > 20 ppm 

A 18 7 7 4 22.0 

B 16 9 4 3 18.75 

C 17 16 1 0 0 

D 18 14 4 0 0 

E 17 14 3 0 0 

Total 86 60 19 7 8.14 

 
Table 3. Confidence intervals for the gluten concentrations for different types of dish analyzed of the 
gastronomic area of San José, Costa Rica. 

Type of dish 
Total 

no. samples 
99% confidence 
intervals (ppm) 

Proportion (%) > 20 ppm 

Bread-Wheat flour substitute 3 2.85 - 13.72 0 

Cold meat 6 2.78 - 3.49 0 

Corn meal 3 3.66 - 16.89 0 

Corn meal with vegetables 3 0.39 - 3.31 0 

Corn meal with meat 11 0.26 - 1.08 0 

Costa Rican food (without sauce) 12 1.07 - 2.53 0 

Fry food 8 0.19 - 2.93 0 

Meat with sauce 10 74.41 - 104.63 100 

Pasta 3 0.58 - 3.57 0 

Rice dishes 9 0.90 - 7.75 0 

Salad (vegetables only) 3 4.14 - 11.56 0 

Salad with meat 3 1.16 - 5.37 0 

Sea food 9 0.10 - 3.19 0 

Vegetarian with sauce 3 0.70 - 14.42 0 
 

Although those dishes are naturally gluten-free, during the preparation process other miscellaneous 
are added such as: marinades, sauces and condiments, which ones could contain traces of gluten due its 
ingredients are not gluten-free certified so that carries an associated risk when using such products (sup-
plier’s practices and labeling). The research found a trend among restaurants to offer dishes that were na-
turally GF, nevertheless the lack of protocols to prevent the risk of gluten cross-contact is still a risk. Au-
thors such as Wieser et al. [18], suggests the need to implement improvements in the production and sur-
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veillance systems of foodservices, due to the high number of samples reported with a significant concen-
tration of gluten. As well, these suggestions must be implemented in the preparation of packaged foods 
usually used as miscellaneous during preparation [19]. 

As mentioned by Wieser et al. [18], eating in restaurants, workplaces or outside the home, continues 
to be a significant risk of involuntary exposure to gluten. Because the information on the label regarding 
the presence or absence of gluten is not reliable. 

For Polanco-Allué [20] and El Khoury et al. [21], products declared as GF may present a hidden 
source of gluten in the diet. Even minor violations can cause symptoms and clinical complications in con-
sumers requiring a gluten-free diet. Therefore, it is recommended that industries and restaurants have 
guidelines and controls for all their processes when preparing food. 

4. CONCLUSIONS 
Although some foods are naturally gluten-free, once handled in restaurants with shared production, 

there is a potential risk of cross contact, because of the shared use of areas, utensils, equipment, spices, 
condiments, sauces and marinades. As observed in our findings, the dishes which are naturally GF, such as 
meats, exhibited the highest gluten levels. The findings of this study emphasize the importance of restau-
rants complying with guidelines that can assure the absence of gluten and prevent the risk of cross contact 
during their operational processes.  

In particular, the use of ingredients or additives without gluten-free certification label and lack of 
knowledge of food service staff are important factors that compromise the health of consumers.  

These findings suggest that there is a lack of research on strategies or practices for preventing cross 
contact with gluten in shared production food services. The results of the this study also warn about the 
need to strengthen the existing laws regarding the supply of gluten-free food, by including restaurants in 
their scope and to improve the supervision of foodservice operational processes in order to prevent cross 
contact. 

ACKNOWLEDGEMENTS 
This work was supported by UCIMED. We appreciate the collaboration of students Laura Saray Vega 

Alfaro in this project. We thank Philip Creed, PhD, from Edanz Group  
(https://en-author-services.edanz.com/ac) for editing a draft of this manuscript. 

CONFLICTS OF INTEREST 
The authors declare no conflicts of interest regarding the publication of this paper.  

REFERENCES 
1. Ejecutivo, P. (2014) Norma Nacional de atención a personas con enfermedad celiaca N˚38514-S. [National 

Standard of Care for People with Celiac Disease N˚38514-S]. Presidente de la República y Ministra de Salud de 
Costa Rica.  
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValo
r1=1&nValor2=77640&nValor3=97433&strTipM=TC  

2. Caio, G., Volta, U., Sapone, A., Leffler, D.A., De Giorgio, R., Catassi, C. and Fasano, A. (2019) Celiac Disease: A 
Comprehensive Current Review. BMC Medicine, 17, Article No. 142.  
https://doi.org/10.1186/s12916-019-1380-z 

3. Tanveer, M. and Ahmed, A. (2019) Non-Celiac Gluten Sensitivity: A Systematic Review. Journal of the College 
of Physicians and Surgeons—Pakistan: JCPSP, 29, 51-57. https://doi.org/10.29271/jcpsp.2019.01.51 

4. Parada, A. and Araya, M. (2010) El gluten. Su historia y efectos en la enfermedad celíaca (Gluten. Its History 

https://doi.org/10.4236/ns.2022.1412047
https://en-author-services.edanz.com/ac
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=77640&nValor3=97433&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=77640&nValor3=97433&strTipM=TC
https://doi.org/10.1186/s12916-019-1380-z
https://doi.org/10.29271/jcpsp.2019.01.51


 

 

https://doi.org/10.4236/ns.2022.1412047 530 Natural Science 
 

and Effects on Celiac Disease). Revista Médica de Chile, 138, 1319-1325.  
https://doi.org/10.4067/S0034-98872010001100018 

5. Majsiak, E., Choina, M., Golicki, D., Gray, A.M. and Cukrowska, B. (2021) The Impact of Symptoms on Quality 
of Life before and after Diagnosis of Coeliac Disease: The Results from a Polish Population Survey and Compar-
ison with the Results from the United Kingdom. BMC Gastroenterology, 21, Article No. 99.  
https://doi.org/10.1186/s12876-021-01673-0 

6. Rej, A. and Sanders, D.S. (2021) An Update on Coeliac Disease from the NHS England National Centre for Re-
fractory Coeliac Disease. Clinical Medicine (London, England), 21, 127-130.  
https://doi.org/10.7861/clinmed.2021-0025 

7. Lupo, A., Roebuck, C., Walsh, A., Mozola, M. and Abouzied, M. (2013) Validation Study of the Veratox R5 
Rapid ELISA for Detection of Gliadin. Journal of AOAC International, 96, 121-132.  
https://doi.org/10.5740/jaoacint.12-271 

8. De la O Olán, M., Espitia, E., Villaseñor, H., Molina, J., López, H., Santacruz, A. and Peña, R. (2010) Proteínas 
del gluten y reología de trigos harineros mexicanos influeciados por factores ambientales y genotípicos (Gluten 
Proteins and Rheology of Mexican Bread Wheats as Affected by Environmental and Genotypic Factors). Pes-
quisa Agropecuária Brasileira, 45, 989-996. https://doi.org/10.1590/S0100-204X2010000900008 

9. Molina, M. (2013) El significado de los intervalos de confianza (The Meaning of Confidence Intervals). Revista 
de Pediatría de Atención Primaria, 15, 91-94. https://doi.org/10.4321/S1139-76322013000100016 

10. Farage, P., Zandonadi, R., Ginani, V., Gandolfi, L., Pratesi, R. and De Medeiros, Y.K. (2017) Content Validation 
and Semantic Evaluation of a Check-List Elaborated for the Prevention of Gluten Cross-Contamination in Food 
Services. Nutrients, 9, Article No. 36. https://doi.org/10.3390/nu9010036 

11. Vincentini, O., Izzo, M., Maialetti, F., Gonnelli, E., Neuhold, S. and Silano, M. (2016) Risk of Cross-Contact for 
Gluten-Free Pizzas in Shared-Production Restaurants in Relation to Oven Cooking Procedures. Journal of Food 
Protection, 79, 1642-1646. https://doi.org/10.4315/0362-028X.JFP-15-538 

12. Villegas, M., Rodríguez, D., Figueroa, L., Chacón, A. and Bagnarello, V. (2020) Offer of Gluten-Free Prepara-
tions and Operational Processes of the Restaurants of a Gastronomic Walk Located in San José-Costa Rica. EC 
Nutrition, 15, 1-6. https://doi.org/10.18273/revbol.v41n2-2019001 

13. Karajeh, M., Hurlstone, D., Patel, T. and Sanders, D. (2005) Chefs’ Knowledge of Coeliac Disease (Compared to 
the Public): A Questionnaire Survey from the United Kingdom. Clinical Nutrition, 24, 206-210.  
https://doi.org/10.1016/j.clnu.2004.08.006 

14. Farage, P. and Zandonadi, R. (2014) The Gluten-Free Diet: Difficulties Celiac Disease Patients Have to Face 
Daily. Austin Journal of Nutrition and Food Sciences, 2, Article No. 1027. 

15. Šálková, D. and Hošková, P. (2016) Consumer Behavior—People Intolerant to Gluten and Gluten-Free Offer in 
the Pubic Catering Sector. Emirates Journal of Food and Agriculture, 28, 271-276.  
https://doi.org/10.9755/ejfa.EJFA-2015-04-091 

16. Lerner, B., Phan Vo, L., Yates, S., Rundle, A., Green, P. and Lebwohl, B. (2019) Detection of Gluten in Glu-
ten-Free Labeled Restaurant Food: Analysis of Crowd-Sourced Data. The American Journal of Gastroenterolo-
gy, 114, 792-797. https://doi.org/10.14309/ajg.0000000000000202 

17. McNeill, S.H., Cifelli, A.M., Roseland, J.M., Belk, K., Woerner, D., Gehring, K., Savell, J., Brooks, C. and 
Thompson (2017) A Research Communication Brief: Gluten Analysis in Beef Samples Collected Using a Rigor-
ous, Nationally Representative Sampling Protocol Confirms That Grain-Finished Beef Is Naturally Gluten-Free. 
Nutrients, 9, Article No. 936. https://doi.org/10.3390/nu9090936 

18. Wieser, H., et al. (2021) Food Safety and Cross-Contamination of Gluten-Free Products: A Narrative Review. 
Nutrients, 13, Article No. 2244. https://doi.org/10.3390/nu13072244 

https://doi.org/10.4236/ns.2022.1412047
https://doi.org/10.4067/S0034-98872010001100018
https://doi.org/10.1186/s12876-021-01673-0
https://doi.org/10.7861/clinmed.2021-0025
https://doi.org/10.5740/jaoacint.12-271
https://doi.org/10.1590/S0100-204X2010000900008
https://doi.org/10.4321/S1139-76322013000100016
https://doi.org/10.3390/nu9010036
https://doi.org/10.4315/0362-028X.JFP-15-538
https://doi.org/10.18273/revbol.v41n2-2019001
https://doi.org/10.1016/j.clnu.2004.08.006
https://doi.org/10.9755/ejfa.EJFA-2015-04-091
https://doi.org/10.14309/ajg.0000000000000202
https://doi.org/10.3390/nu9090936
https://doi.org/10.3390/nu13072244


 

 

https://doi.org/10.4236/ns.2022.1412047 531 Natural Science 
 

19. Usaga, J. and Aiello, J. (2019) Detección de gluten en alimentos etiquetados como libres de gluten disponibles en 
el mercado costarricense (Gluten Detection in Foods Labeled as Gluten-Free Available in the Costa Rican Mar-
ket). Archivos Latinoamericanos de Nutrición, 69, 42-29. https://doi.org/10.37527/2019.69.1.006 

20. Polanco, I. (2014) Enfermedad celíaca [Celiac Disease]. Revista del Laboratorio Clínico, 7, 141-144.  
https://doi.org/10.1016/j.labcli.2014.10.003 

21. El Khoury, D., Balfour-Ducharme, S. and Joye, I.J. (2018) A Review on the Gluten-Free Diet: Technological and 
Nutritional Challenges. Nutrients, 10, Article No. 1410. https://doi.org/10.3390/nu10101410  

 
 
 
 
 
 
 

https://doi.org/10.4236/ns.2022.1412047
https://doi.org/10.37527/2019.69.1.006
https://doi.org/10.1016/j.labcli.2014.10.003
https://doi.org/10.3390/nu10101410

	Detection of Gluten in Dishes Offered as Gluten-Free in a Gastronomic Area Located in San José, Costa Rica
	ABSTRACT
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Sample
	2.2. Taking the Sample
	2.3. Transport and Storage of the Samples
	2.4. Sample Preparation and Weighing
	2.5. Gliadin Extraction and Quantification
	2.6. Statistical Analysis

	3. RESULTS AND DISCUSSION
	4. CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	REFERENCES

