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Gluten is the general term for the ethanol-soluble proteins present in various cereal endosperms, including wheat, rye,

barley, spelt, and kamut.
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1. Introduction

The definition by Codex Alimentarius also introduces some physical–chemical concepts: insoluble in water and 0.5 M

sodium chloride solution . Currently, this substance is slowly digested and presents a high permanence in the gut.

In 1924, Osborne introduced a classification method for plant proteins by extraction with different solvents that is still in

use. After applying this classification (Table 1), wheat proteins are divided by their solubility behavior into the following

fractions: globulins (soluble in a diluted salt solution), albumins (water soluble), gliadins (ethanol soluble), and glutelins

(soluble in diluted acetic acid) .

Table 1. Protein fractions from cereal grains .

Osborne Fraction Wheat Rye Oats Barley Corn

Globulin Edestin     

Albumin Leucosin     

Gluten
Prolamin Gliadin Secalin Avenin Hordein Zein

Glutelin Glutenin Secalinin Aveninin Hordeinin Zeinin

Traditionally, gluten proteins have been separated into two fractions that are either soluble or insoluble in alcohol. This

division, with some modifications, has remained in use to the present day, with the gluten proteins that are readily soluble

in alcohol–water mixtures (e.g., 60–70% ethanol) being called gliadins and those that are insoluble being called glutenins.

However, it is now know that the two fractions contain proteins that are structurally related, with the differences in solubility

resulting from their presence as monomers that interact by non-covalent forces (gliadins) or as high molecular mass

polymers stabilized by interchain disulphide bonds. When present as reduced subunits, the glutenin proteins are also

soluble in alcohol–water mixtures and can therefore be defined together with gliadins as prolamins . Glutelins are

heterogeneous and can be separated using electrophoresis into over a dozen fractions that as categorized into high

molecular weight (HMW) and low molecular weight (LMW) groups . Glutelin subunits have been found to correlate with

gluten properties that are related to baking quality . Gliadins are represented as single chain polypeptides, and it is

accepted that gliadins are divided, according to their electrophoretic mobility in Polyacrylamide gel Electrophoresis

(PAGE) at low pH (lactate-PAGE), into four major groups (α-, β-, γ-, and ω-gliadins, from fastest mobility to slowest) .

Gluten proteins contain large repeat domains composed of homologous and repetitive sequences of six-to-eight amino

acids rich in proline and glutamine . In addition, when considering the alpha-gliadin structure, their central domain

contains the proline- (P) and glutamine-rich (Q) heptapeptide PQPQPFP and pentapeptide PQQPY. This domain contains

the most characteristic immunogenic fragment, a 33-mer peptide comprising six overlapping epitopes significant for celiac

disease pathogenesis , although this peptide is not present in every wheat cultivar .

Several fragments of gliadins and glutelins are associated with different types of gluten-related diseases, e.g., α and γ-

gliadins in celiac disease ; γ-, α/β-, ω5-, and ω1,2-gliadins, as well as HMW and LMW subunits of glutenin, are involved

in wheat allergies .
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2. Gluten-Related Diseases

Several diseases related to the exposure to gluten of prone persons that can be classified with etiology into the three main

groups of allergy, autoimmunity, and non-celiac gluten sensitivity have been described .

Gluten-related allergies, also known as wheat allergies, have a prevalence of 0.1% in the general population , and they

have developed a well-known two-step pathological mechanism: the sensitization and effector phases . Within this last

phase, the onset of the main reactions occurs in minutes to hours after gluten exposure driven by an IgE response. This

group includes the following pathologies classified by symptomatology: (a) a respiratory allergy, also known as baker’s

asthma, with bronchial symptoms as severe clinical presentation ; (b) a food allergy with major digestive presentation

; (c) wheat-dependent exercise-induced anaphylaxis (WDEIA), an inflammatory situation triggered by stress ; and

(d) contact urticaria, with major dermatologic symptoms .

The second group of gluten-related diseases is associated with an autoimmune etiology. Celiac disease, with a

prevalence of 1% in general population, is the most important .

Many molecular mechanisms leading to intestinal damage in celiac disease have been described, although not all have

been discovered yet. The ingestion of gluten by sensitized people results in the partial digestion of gliadin (wheat

prolamin), which interacts with CXCR3 (chemokine receptor 3) and stimulates the liberation of zonulin . This leads to

an increased intestinal permeability, facilitating the translocation of gliadin peptides from lumen to lamina propria. Then,

the secretion of innate immunity mediators (Interleukins IL15 and IL8) is triggered, with consequent neutrophil recruitment

. The loosen gut barrier facilitates the engagement of toll-like receptor complex 4-M2-CD14 by trypsin and alpha-

amylase inhibitors, thus releasing pro-inflammatory cytokines . Following the innate immune-mediated apoptosis of

intestinal cells with the subsequent release of intracellular tissue transglutaminase, gliadin peptides are partially

deamidated . These deaminated peptides are presented by DQ 2/8 (a class II Major Histocompatibility Complex or HLA

cell surface receptor) antigen-presenting cells (APCs) to helper T cells that trigger the maturation and activation of B-cells

producing IgM, IgG, and IgA against tissue transglutaminase  (for this reason, it is considered an autoimmune disease).

Additionally, helper T cells produce pro-inflammatory cytokines like interferon-gamma and tumoral necrosis factor-alpha

(TNF-α) . This immune response, together with the function of killer T cells, initiates the enteropathy. Damaged

enterocytes express the CD71 transporter to facilitate retrotranscytosis events  and further increase intestinal

permeability; this spurs a pro-inflammatory and pro-growth environment, resulting in the development of hyperplastic

crypts and affecting the absorption of nutrients .

In addition to celiac disease, gluten ataxia (a neurological disease ) and dermatitis herpetiformis  are considered

gluten-related autoimmunity diseases.

Non-celiac gluten sensitivity (NCGS, also denominated non-celiac wheat sensitivity and, sometimes, gluten intolerance) is

the third group of gluten-related diseases by etiological classification (non-autoimmune and non-allergic), with a

prevalence of up to 7% in the general population . Pathogenic mechanisms are still uncertain, but it seems that innate

immunity plays a major role . The signs and symptoms are very similar to other gluten-related diseases, irritable bowel

syndrome, and Crohn´s disease. DQ2/8 haplotypes and IgG/IgA anti-gliadin antibodies are present only in 50% of cases.

Intestinal damage in this disease is lower than that observed in celiac disease .

There has been an intense research into the pharmacological treatment of these diseases, (especially celiac disease)

including gluten neutralization agents, disruptors of mucosal transportation or antigen processing enzymes, modifications

of the microbiome, immunomodulators, and anti-inflammatory drugs . Notwithstanding, a gluten-free diet is the most

recommended and has long been considered the only effective treatment . When gluten consumption is eliminated, the

exacerbated immune response is inhibited, leading to the partial (if not complete) healing of the duodenal mucosa along

with the resolution of symptoms and signs of malabsorption .

3. Gluten Content Labeling Legislation in Different Countries

In contrast to other allergens, and following the recommendations included in Codex Standard 118-1979 , there is well-

developed legislation about gluten presence in food in several countries.

In Europe, the Commission Implementing Regulation (EU) No. 828/2014 of 30 July on the requirements for the provision

of information to consumers on the absence or reduced presence of gluten in food  rules that “The statement ‘gluten-

free’ may only be made where the food as sold to the final consumer contains no more than 20 mg/kg of gluten” and “The

[13]

[14]

[15]

[16]

[17] [18]

[14]

[14]

[19]

[20]

[21]

[13]

[22]

[23]

[24]

[13]

[25] [14]

[14]

[26]

[27]

[28]

[29]

[30]

[2]

[31]



statement ‘very low gluten’ may only be made where the food, consisting of or containing one or more ingredients made

from wheat, rye, barley, oats, or their crossbred varieties which have been specially processed to reduce the gluten

content, contains no more than 100 mg/kg of gluten in the food as sold to the final consumer”.

The U.S. Food and Drug Administration (FDA) has defined the term “gluten-free” for voluntary use in foods that are

inherently gluten-free, or when they are not composed of gluten-containing grains—either raw or processed to remove

gluten. Any unavoidable presence of gluten in the food must be less than 20 ppm (mg/kg), Food Allergen Labeling and

Consumer Protection Act (FALCPA) .

Health Canada considers that gluten-free foods are those that contain levels of gluten not exceeding 20 mg/kg as a result

of cross-contamination, and they must meet the health and safety intent of B.24.018 (2012). Regarding oats, on 19 May

20, Health Canada registered a marketing authorization 15 that permits the use of gluten-free claims for gluten-free oats

.

The current legislation in Australia and New Zealand is the strictest. Australia and New Zealand Food Standard Code,

standard 1.2.7, states that “for the food to be labeled as gluten-free, the food must not contain: detectable gluten; or oats

or their products; or cereals containing gluten that may have been malted, or their products.” For the “not contain

detectable gluten” statement, the limit was set at 3 ppm (mg/kg) .

In Mexico, the executive orders NOM-051-SCFI/SSA1-2010 and NOM-247-SSA1-2008 state that those foods that may

produce any kind of allergy and intolerance must be labeled, and those containing grains and derivates must be labeled

with “this product contains gluten” statement . In Argentina, there is specific legislation for celiac disease (celiac law,

passed by the Congress in 2009 (26.588), modified in 2015 (27.196)), claiming this pathology as “disease of national

interest,” regulating not only food security issues but also social aspects. A gluten limit of 10 ppm (mg/kg) was set by this

law for a product to be labeled as “gluten-free,” including a specific logo. The legislation also applies to medicines .

In Brazil, Federal Law 8543/1992, mandates that all industrialized foods that contain gluten must carry a warning that they

contain gluten. It was updated by Federal Law 10674/2003, determining that all industrialized foods must indicate on their

labels and packaging the phrases “Contains Gluten” or “Does Not Contain Gluten.” Brazilian legislation follows the 20 ppm

(mg/kg) limit included in Codex Alimentarius .

In China, Food Law GB/T23779 issued in 2009 by General Administration of Quality Supervision, Inspection and

Quarantine (AQSIQ) “Allergens in prepackaged foods” includes gluten-containing grains and related products amongst

the substances that may induce allergic reactions. A 2015 standard specifically applicable to the inspection of gluten

allergen ingredients in prepackaged food for export made a clear reference to Codex standard STAN 118-1979 in order to

verify the compliance of gluten-free claims. This regulation set a maximum limit for a gluten-free claim of 20 mg/kg .

However, this regulation does not apply for import or domestic trade.

By Japanese law, the labeling of allergens is designated as mandatory or recommended based on the number of cases of

actual illness and the degree of seriousness. To standardize official methods, the Japanese government described the

validation protocol criteria in the 2006 official guidelines and stated that any food containing allergen proteins at greater

than 10 ppm (mg/kg) must be labeled under the current law .

References

1. Fasano, A.; Catassi, C. Clinical practice. Celiac disease. N. Engl. J. Med. 2012, 367, 2419–2426. [Google Scholar]
[CrossRef]

2. Codex Alimentarius. Codex Standard for Foods for Special Dietary Use for Persons Intolerant to Gluten. Revised 2008.
CODEX Standard 118-1979. Available online: http://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?
lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXS%2B118-
1979%252FCXS_118e_2015.pdf (accessed on 29 December 2020).

3. Goesaert, H.; Brijs, K.; Veraverbeke, W.S.; Courtin, C.M.; Gebruers, K.; Delcour, J.A. Wheat flour constituents: How
they impact bread quality, and how to impact their functionality. Trends Food Sci. Technol. 2005, 16, 12–30. [Google
Scholar] [CrossRef]

4. Martín, M.; Cacho, J.F.; Cepeda, A.; Martín, F.; Prieto, I. Informe del Comité Científico de la Agencia Española de
Seguridad Alimentaria y Nutrición (AESAN) en Relación con la Enfermedad Celíaca y los Problemas que Plantean las
Técnicas Analíticas para el Control del Contenido de Gluten en los Alimentos; AESAN: Madrid, Spain, 2010. [Google
Scholar]

[32]

[33]

[34]

[35][36]

[37]

[38]

[39]

[40]



5. Shewry, P.R.; Halford, N.G.; Tatham, A.S.; Popineau, Y.; Lafiandra, D.; Belton, P.S. The high molecular weight subunits
of wheat glutenin and their role in determining wheat processing properties. Adv. Food Nutr. Res. 2003, 45, 219–302.
[Google Scholar] [CrossRef] [PubMed]

6. Cebolla, Á.; Moreno, M.; Coto, L.; Sousa, C. Gluten Immunogenic Peptides as Standard for the Evaluation of Potential
Harmful Prolamin Content in Food and Human Specimen. Nutrients 2018, 10, 1927. [Google Scholar] [CrossRef]
[PubMed]

7. Wieser, H. Chemistry of gluten proteins. Food Microbiol. 2007, 24, 115–119. [Google Scholar] [CrossRef] [PubMed]

8. Shewry, P. What Is Gluten—Why Is It Special? Front. Nutr. 2019, 6, 101. [Google Scholar] [CrossRef] [PubMed]

9. Ozuna, C.V.; Iehisa, J.C.M.; Giménez, M.J.; Alvarez, J.B.; Sousa, C.; Barro, F. Diversification of the celiac disease α-
gliadin complex in wheat: A 33-mer peptide with six overlapping epitopes, evolved following polyploidization. Plant J.
2015, 82, 794–805. [Google Scholar] [CrossRef] [PubMed]

10. Schalk, K.; Lang, C.; Wieser, H.; Koehler, P.; Scherf, K.A. Quantitation of the immunodominant 33-mer peptide from α-
gliadin in wheat flours by liquid chromatography tandem mass spectrometry. Sci. Rep. 2017, 7, 45092. [Google
Scholar] [CrossRef]

11. Balakireva, A.; Zamyatnin, A. Properties of Gluten Intolerance: Gluten Structure, Evolution, Pathogenicity and
Detoxification Capabilities. Nutrients 2016, 8, 644. [Google Scholar] [CrossRef]

12. Matsuo, H.; Yokooji, T.; Taogoshi, T. Common food allergens and their IgE-binding epitopes. Allergol. Int. 2015, 64,
332–343. [Google Scholar] [CrossRef]

13. Caio, G.; Volta, U.; Sapone, A.; Leffler, D.A.; De Giorgio, R.; Catassi, C.; Fasano, A. Celiac disease: A comprehensive
current review. BMC Med. 2019, 17, 142. [Google Scholar] [CrossRef] [PubMed]

14. Sapone, A.; Bai, J.C.; Ciacci, C.; Dolinsek, J.; Green, P.H.; Hadjivassiliou, M.; Kaukinen, K.; Rostami, K.; Sanders,
D.S.; Schumann, M.; et al. Spectrum of gluten-related disorders: Consensus on new nomenclature and classification.
BMC Med. 2012, 10, 13. [Google Scholar] [CrossRef] [PubMed]

15. Palomares, O.; Akdis, M.; Martín-Fontecha, M.; Akdis, C.A. Mechanisms of immune regulation in allergic diseases: The
role of regulatory T and B cells. Immunol. Rev. 2017, 278, 219–236. [Google Scholar] [CrossRef] [PubMed]

16. Al Badri, F.M.; Baatjies, R.; Jeebhay, M.F. Assessing the health impact of interventions for baker’s allergy and asthma
in supermarket bakeries: A group randomised trial. Int. Arch. Occup. Environ. Health 2020, 93, 589–599. [Google
Scholar] [CrossRef]

17. Sharma, N.; Bhatia, S.; Chunduri, V.; Kaur, S.; Sharma, S.; Kapoor, P.; Kumari, A.; Garg, M. Pathogenesis of Celiac
Disease and Other Gluten Related Disorders in Wheat and Strategies for Mitigating Them. Front. Nutr. 2020, 7, 6.
[Google Scholar] [CrossRef]

18. Gao, X.; Wen, L.; Li, H.; Wang, R.; Yin, J. Genetic variation at the interleukin-18 locus is associated with wheat-
dependent exercise-induced anaphylaxis in the Han Chinese population. Gene 2020, 737, 144462. [Google Scholar]
[CrossRef]

19. Hollon, J.; Puppa, E.; Greenwald, B.; Goldberg, E.; Guerrerio, A.; Fasano, A. Effect of Gliadin on Permeability of
Intestinal Biopsy Explants from Celiac Disease Patients and Patients with Non-Celiac Gluten Sensitivity. Nutrients
2015, 7, 1565–1576. [Google Scholar] [CrossRef]

20. Kim, S.M.; Mayassi, T.; Jabri, B. Innate immunity: Actuating the gears of celiac disease pathogenesis. Best Pract. Res.
Clin. Gastroenterol. 2015, 29, 425–435. [Google Scholar] [CrossRef]

21. Junker, Y.; Zeissig, S.; Kim, S.-J.; Barisani, D.; Wieser, H.; Leffler, D.A.; Zevallos, V.; Libermann, T.A.; Dillon, S.;
Freitag, T.L.; et al. Wheat amylase trypsin inhibitors drive intestinal inflammation via activation of toll-like receptor 4. J.
Exp. Med. 2012, 209, 2395–2408. [Google Scholar] [CrossRef]

22. Stamnaes, J.; Sollid, L.M. Celiac disease: Autoimmunity in response to food antigen. Semin. Immunol. 2015, 27, 343–
352. [Google Scholar] [CrossRef]

23. Pagliari, D.; Urgesi, R.; Frosali, S.; Riccioni, M.E.; Newton, E.E.; Landolfi, R.; Pandolfi, F.; Cianci, R. The Interaction
among Microbiota, Immunity, and Genetic and Dietary Factors Is the Condicio Sine Qua Non Celiac Disease Can
Develop. J. Immunol. Res. 2015, 2015, 123653. [Google Scholar] [CrossRef] [PubMed]

24. Schumann, M.; Richter, J.F.; Wedell, I.; Moos, V.; Zimmermann-Kordmann, M.; Schneider, T.; Daum, S.; Zeitz, M.;
Fromm, M.; Schulzke, J.D. Mechanisms of epithelial translocation of the alpha(2)-gliadin-33mer in coeliac sprue. Gut
2008, 57, 747–754. [Google Scholar] [CrossRef] [PubMed]

25. Hadjivassiliou, M.; Sanders, D.S.; Woodroofe, N.; Williamson, C.; Grünewald, R.A. Gluten ataxia. Cerebellum 2008, 7,
494–498. [Google Scholar] [CrossRef] [PubMed]



26. Volta, U.; De Giorgio, R.; Caio, G.; Uhde, M.; Manfredini, R.; Alaedini, A. Nonceliac Wheat Sensitivity: An Immune-
Mediated Condition with Systemic Manifestations. Gastroenterol. Clin. N. Am. 2019, 48, 165–182. [Google Scholar]
[CrossRef]

27. Roszkowska, A.; Pawlicka, M.; Mroczek, A.; Bałabuszek, K.; Nieradko-Iwanicka, B. Non-Celiac Gluten Sensitivity: A
Review. Medicina 2019, 55, 222. [Google Scholar] [CrossRef]

28. Kurada, S.; Yadav, A.; Leffler, D.A. Current and novel therapeutic strategies in celiac disease. Expert Rev. Clin.
Pharmacol. 2016, 9, 1211–1223. [Google Scholar] [CrossRef]

29. Itzlinger, A.; Branchi, F.; Elli, L.; Schumann, M. Gluten-Free Diet in Celiac Disease—Forever and for All? Nutrients
2018, 10, 1796. [Google Scholar] [CrossRef]

30. Ludvigsson, J.F.; Bai, J.C.; Biagi, F.; Card, T.R.; Ciacci, C.; Ciclitira, P.J.; Green, P.H.R.; Hadjivassiliou, M.; Holdoway,
A.; Van Heel, D.A.; et al. Diagnosis and management of adult coeliac disease: Guidelines from the British Society of
Gastroenterology. Gut 2014, 63, 1210–1228. [Google Scholar] [CrossRef]

31. Commission Implementing Regulation (EU) No. 828/2014 of 30 July on the Requirements for the Provision of
Information to Consumers on the Absence or Reduced Presence of Gluten in Food OJ L 228, 31.7.2014. pp. 5–8.
Available online: https://eur-lex.europa.eu/eli/reg_impl/2014/828/oj (accessed on 29 December 2020).

32. Food Allergen Labeling and Consumer Protection Act. Sec. 206 Regulations 21 USC 343. Title II of Public Law 108-
282, Enacted on August 2, 2004. Available online: https://www.fda.gov/food/food-allergensgluten-free-guidance-
documents-regulatory-information/food-allergen-labeling-and-consumer-protection-act-2004-falcpa (accessed on 29
December 2020).

33. Scherf, K.A.; Poms, R.E. Recent developments in analytical methods for tracing gluten. J. Cereal Sci. 2016, 67, 112–
122. [Google Scholar] [CrossRef]

34. Australia New Zealand Food Standards Code–Standard 1.2.7–Nutrition, Health and Related Claims. F2018C00942.
Available online: https://www.legislation.gov.au/Details/F2018C00942 (accessed on 29 December 2020).

35. MODIFICACIÓN a la Norma Oficial Mexicana NOM-051-SCFI/SSA1-2010, Especificaciones Generales de Etiquetado
para Alimentos y Bebidas no Alcohólicas Preenvasados-Información Comercial y Sanitaria, Publicada el 5 de abril de
2010. Diario Oficial de la Federación, 27 de Marzo de 2020. Available online:
http://www.dof.gob.mx/normasOficiales/8150/seeco11_C/seeco11_C.html (accessed on 29 December 2020).

36. Norma Oficial Mexicana NOM-247-SSA1-2008, Productos y Servicios. Cereales y sus Productos. Cereales, Harinas de
Cereales, Sémolas o Semolinas. Alimentos a base de: Cereales, Semillas Comestibles, de Harinas, Sémolas o
Semolinas o sus Mezclas. Productos de Panificación. Disposiciones y Especificaciones Sanitarias y Nutrimentales.
Métodos de Prueba. Diario Oficial de la Federación, 27 de julio de 2009. Available online:
http://dof.gob.mx/nota_detalle.php?codigo=5188649&fecha=10/05/2011 (accessed on 29 December 2020).

37. Ley 27196. Enfermedad Celíaca Modificación Ley 26588. Boletín Oficial de la República Argentina No. 33259.
Available online: https://www.boletinoficial.gob.ar/detalleAviso/primera/136317/20151118 (accessed on 29 December
2020).

38. Lei No. 10674 de 16 de maio de 2003 Obriga a que os Produtos Aliementicios Comercializados Informen sobre a
Presença de Gluten, como Medida Preventiva e de Controle da Doença Celiaca. Diário Oficial da União 19/5/2003.
Available online: https://www.camara.leg.br/proposicoesWeb/prop_mostrarintegra?
codteor=440852&filename=Legislacao (accessed on 29 December 2020).

39. The China Food Law Blog. Available online: https://chinafoodlaw.blog/2018/10/09/gluten-free-in-china/ (accessed on 16
July 2020).

40. Akiyama, H.; Imai, T.; Ebisawa, M. Japan Food Allergen Labeling Regulation—History and Evaluation; Elsevier:
Amsterdam, The Netherlands, 2011; pp. 139–171. [Google Scholar] [CrossRef]

Retrieved from https://encyclopedia.pub/entry/history/show/14724


