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Abstract
Ingredients mentioned on the labels of commercially available packaged gluten-free and similar gluten-containing food products
were analyzed and compared, using the text mining technique. A total of 324 products’ labels were analyzed for content (162
from gluten-free products), and ingredient diversity in gluten-free products was 28% lower. Raw materials used as ingredients of
gluten-free products were limited to five varieties: rice, cassava, corn, soy, and potato. Sugar was the most frequently mentioned
ingredient on both types of products’ labels. Salt and sodium also were among these ingredients. Presence of hydrocolloids,
enzymes or raw materials of high nutritional content such as pseudocereals, suggested by academic studies as alternatives to
improve nutritional and sensorial quality of gluten-free food products, was not identified in the present study. Nutritional quality
of gluten-free diets and health of celiac patients may be compromised.
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Introduction

Celiac Disease is an immune-mediated systemic

disorder elicited by gluten and related prolamines in

genetically susceptible individuals and characterized

by the presence of a variable combination of

gluten-dependent clinical manifestations, CD-specific

antibodies, HLA-DQ2 or HLA-DQ8 haplotypes,

and enteropathy. CD-specific antibodies comprise

autoantibodies against TG2, including endomysial

antibodies, and antibodies against deamidated

forms of gliadin peptides (Husby et al. 2012).

Several longitudinal studies have brought to light an

increase in the occurrence of such disease, estimating

that approximately 1% of world population is afflicted

by it, including also the population of developing

countries (Lohi et al. 2007; Fasano et al. 2008;

Ludvigsson and Green 2011).

A gluten-free diet is the only possible treatment for

celiac disease. Gluten restriction will improve the

symptoms and intestinal tissue abnormalities, enhance

quality of life of celiac people and likely reduce

mortality (Ludvigsson and Green 2011). Due to the

need of gluten restrictions in celiac diet, since 2003 the

Brazilian government has enacted a bill mandating

that all industrialized foods add to their labels the

information ‘contains gluten’ or ‘gluten-free’, accord-

ing to each case (Brasil 2003).

As the disease occurrences rise, research interests in

developing new technologies and new gluten-free food

products have also become increasingly frequent, with

the common goal of answering the demands of an

emerging market (Mariotti et al. 2009; Han et al.

2010; Mezaize et al. 2009). Due to the fact that gluten
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is a structural protein with exclusive viscoelastic

properties, its substitution in baking goods poses an

enormous technological challenge. Gluten is respon-

sible for the elasticity and viscosity in dough,

promoting gas retention and providing a structured

final product after baking (Gallagher et al. 2004;

Sciarini et al. 2010a). Consequently, its removal may

result in products with low palatability and acceptance

(Lerner 2010). In this context, researchers have been

trying to overcome such limitations employing

alternative ingredients that could mimic gluten

properties, such as hydrocolloid agents (e.g. hydro-

xypropyl methylcellulose, xanthan gum, guar gum and

locust bean gum) and enzymes such as transglutami-

nases and cyclodextrin glycosyl transferase (Yalcin and

Basman 2008; Ronda et al. 2009; Sciarini et al. 2010a,

2010b; Sumnu et al. 2010).

Regarding raw materials employed in the elabor-

ation of gluten-free food products, different authors

have suggested the use of pseudocereals such as

buckwheat, amaranth and quinoa; they represent a

safe option concerning gluten absence while improv-

ing product’s nutritional content, since they are rich in

dietary fibre, protein and unsaturated fatty acids

(Alvarez-Jubete et al. 2009; Saturni et al. 2010).

The processing of gluten-free food products

demands a number of modifications in their ingredient

composition, but studies investigating the nutritional

quality of such products are scarce (Thompson 1999,

2000; Caponio et al. 2008; Segura and Rosell 2011).

Furthermore, although there appears to exist an

academic concern about improving gluten-free food

product characteristics (Ronda et al. 2009; Sciarini

et al. 2010b; Sumnu et al. 2010), studies on celiac

consumers have consistently found a low degree of

satisfaction with products currently available in the

market (Zarkadas et al. 2006; Araújo and Araújo

2011). This may indicate that scientific innovation has

not yet reached the final consumer.

Knowing the exact ingredients of gluten-free food

products available to celiac consumers is extremely

important when planning a diet for such population.

Also, comparison with similar gluten-containing

products could evidence if similarities and differences

between the diet composition of celiac and non-celiac

persons are restricted to the mere presence/absence of

gluten. In this sense, the objective of the present study

was to conduct a descriptive analysis of the ingredients

contained in gluten-free food products available in the

capital of a Brazilian Province, Santa Catarina,and

compare them with the ingredients of similar gluten-

containing products.

Method

Selection and content analysis of listed ingredients

on gluten-free and gluten-containing food products’

labels.

Florianopolis, the city where the study was

conducted, is the capital of Santa Catarina Province.

The city hosts a regional branch of the Brazilian Celiac

Association (Associação dos Celı́acos do Brasil –

ACELBRA-SC). The association regularly publishes,

online, lists of trustworthy retailer establishments of

gluten-free food products. All nine retailers listed by

the Association in Florianopolis were sent presentation

letters (three supermarkets and six health-food stores).

Only the establishments whose managers signed

consent forms were surveyed.

In Brazil, since January 1998, packaged food

products’ ingredient labelling is mandatory. Ingredi-

ents must be listed on package labels in decreasing

quantity order (Brasil 1998). This information was

retrieved from all identified gluten-free products in the

participating establishments. Products considered in

the present study were not the ones naturally gluten-

free (such as fruits, eggs, potatoes), but the ones where

wheat was replaced by substitute raw materials (such

as corn, rice, cassava, amaranth, quinoa).

In order to compare the ingredients used in

gluten-free food products with the ones used in

gluten-containing products, a systematic selection of

information on ingredient lists of packaged gluten-

containing products was performed.

Statistical analysis

Analysis of the ingredient lists from labelled packaged

products was performed through the text mining (tm)

technique with the tm package (Feinerer 2011) of

the R open source software (R Development Core

Team 2011).

Tm can be broadly defined as knowledge-intensive

process in which a user interacts with a document

collection over time by using a suite of analysis tools.

Tm seeks to extract useful information from data

sources through the identification and exploration of

interesting patterns. The data sources are document

collections, and interesting patterns are found not

among formalized database records but in the

unstructured textual data in the documents in these

collections (Feldman and Sanger 2007).

Data collected from products’ labels (ingredient

lists) were processed prior to analysis with the removal

of numbers, punctuation, removal of cap-sized letters

and blank spaces. Compound nouns were rewritten as

a single word, e.g: ‘soy flour’ became ‘soyflour’. For

both product types (gluten-containing and gluten-

free), association degrees between terms and most

frequent ingredients were obtained.

Results

Data collection took place between February and May

2011. Eight out of nine invited retail stores agreed

to participate. Among them, 162 gluten-free food

products were identified, such as bread, cake mix,
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snacks, biscuits, energy bars, granola, chocolate, pasta

and cake. For each gluten-free product, a gluten-

containing counterpart had its ingredient list analyzed,

adding up to a total of 324 products’ labels from both

gluten-containing and gluten-free products.

Regarding the variety of terms corresponding to

ingredients used in gluten-free and gluten-containing

product types, the number found in gluten-free

products was 28% lower. Text analysis identified the

20 most frequent terms on gluten-containing and

gluten-free products’ labels (Table I). Twelve of those

terms corresponded to ingredients found in both

product types. Sugar was the most frequently found

ingredient in both product types. Other frequently

found terms/ingredients in both types of product

were bicarbonate, milk, salt, soy lecithin, whole-grain,

flavour, yeast, cocoa, emulsifier and chemical. Most

frequently found terms/ingredients only on gluten-free

products were rice flour, egg, cassava fecula, natural corn

starch, soy flour, rice and vanilla. Most frequent

terms/ingredients which have appeared exclusively on

gluten-containing products were wheat flour, iron, folic

acid, hydrogenated vegetable fat, ammonium, stabilizers

and whey.

The way in which the 10 most frequent terms

present in gluten-free and gluten-containing products

are associated between themselves, considering a

correlation higher than 0.2, is presented in Figures 1

and 2. Lines between words (terms) represent the

existence of association between them – thicker lines

correspond to higher association scores.

When only the ingredients present on at least 25%

of analyzed products’ labels were considered, it was

observed that among gluten-free food products

terms/ingredients found were sugar, bicarbonate,

cocoa, rice flour, cassava fecula, yeast, whole-grain,

lecithin, natural, egg, salt and sodium. Among gluten-

containing counterparts, the same terms/ingredients

were found, plus one: whey.

When the analysis of ingredients present in at least

50% of the gluten-free products was performed, only

one ingredient was identified, sugar. But among

gluten-containing products, the following terms/in-

gredients were found: sugar, wheat flour, fortified, folic

acid, iron, bicarbonate, hydrogenated vegetable oil,

lecithin, milk, salt and sodium.

Associations between terms were also identified and

are presented in Table II.

Regarding the raw materials used in gluten-free

products, only five varieties were identified: rice,

cassava, corn, soy and potato. Rice flour was the most

frequently occurring ingredient, followed by cassava

fecula, corn starch, soy flour, rice, potato fecula and

corn flour.

Discussion

This study proposed an innovative approach of

comparing the composition of commercially available

packaged gluten-free food products with gluten-

containing counterparts by using the tm technique to

analyze the terms/ingredients mentioned on labels.

Historically, nutritional counselling for celiac

patients has been focused on what should be avoided

Table I. Twenty most frequently occurring terms in gluten-free and

gluten-containing food products.

Term/ingredient

Gluten-free

products

frequency

Gluten-containing

products

frequency

Folic acid 0 108

Sugar 113 184

Corn starch 39 0

Ammonium 0 51

Flavour 39 72

Rice 27 0

Vanilla 24 0

Bicarbonate 52 125

Cocoa 51 58

Emulsifier 34 57

Stabilizer 0 49

Rice flour 62 0

Soy flour 34 0

Wheat flour 0 139

Cassava fecula 49 0

Yeast 48 64

Iron 0 109

Fortified 0 106

Hydrogenated vegetable fat 0 85

Whole-grain 53 76

Lecithin 47 95

Milk 35 126

Natural 45 0

Egg 57 0

Chemical 32 45

Salt 45 101

Sodium 51 122

Whey 0 45

Figure 1. Association among the 10 most frequent terms with

correlations higher than 0.2 in gluten-containing products.
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in their diets, and little importance has been devoted to

what was actually being consumed by those patients as

long as it was gluten-free. Consequently, studies that

discuss the nutritional content of gluten-free foods are

scarce (Thompson 1999, 2000; Caponio et al. 2008;

Segura and Rosell 2011).

Tm analysis identified that the number of terms/

ingredients in gluten-free food products was 28%

lower than in gluten-containing products. This may

indicate that a lower diversity of ingredients is being

employed in the formulation of gluten-free food

products, when compared with their gluten-containing

counterparts.

Tm has evidenced sugar as the most frequently

occurring ingredient in both product types (296 times

on the 324 analyzed labels). Sodium and salt also were

among the most frequently occurring ingredients.

Several authors have pointed out the presence of high

amounts of sugar, salt and sodium in industrialized

products (Sarno et al. 2009; Powell et al. 2011),

associating the habitual intake of such foods to the

development of chronic diseases (Malik et al. 2006;

Lawrance et al. 2011). For this reason the Global

strategy on diet, physical activity and health (2004)

recommends the implementation of governmental

actions to encourage the reduction of such ingredients

in foods and drinks, as well as the cooperation of the

food industry to achieve such a goal (World Health

Organization 2004).

Although sodium and salt were among the 20 most

frequent ingredients on gluten-free food products’

labels, and also in at least 25% of gluten-free food

products, their frequency was 60% lower than in

gluten-containing counterparts. Therefore, gluten-

free products appear to contain such ingredients in

smaller amounts in their composition when compared

with gluten-containing products.

Another ingredient that stood out among the 20

most frequent terms in both product types was milk.

Considering that a great deal of the population

inflicted with celiac disease is also lactose intolerant

(Ojetti et al. 2005), it would be desirable that such an

ingredient was not part of the formulation of these

products. Even if the presence of milk was not

observed among the most frequent ingredients of the

first quartile (25%) of gluten-free food products, its

presence on such products may limit even more

food choices of those celiac patients who are also

lactose intolerant.

The remaining most frequently observed terms/

ingredients present in both product types are

considered by Brazilian regulations as food additives

(with the exception of cocoa). In other words, they are

ingredients added to food with no nutritional purpose

in order to modify the physical, chemical, biological or

sensorial characteristics of food (Brasil 1998).

Analyzing the five raw materials used in substitution

to wheat flour in the gluten-free food products

investigated, results are in accordance with studies

Figure 2. Association among the 10 most frequent terms with

correlations higher than 0.2 in gluten-free products.

Table II. Identified associations among terms, for gluten-containing and gluten-free food products.

Product Term Terms with strong or moderate association

Gluten-free food products Whole-grain Soy flour Milk

0.43 0.33

Natural Food coloring Flavour Sweetener Refined salt Corn

0.52 0.50 0.48 0.39 0.37

Soy extract Butter Cocoa mass Polydextrose Palm oil

0.34 0.34 0.34 0.34 0.33

Bicarbonate Sodium Ammonium

0.79 0.63

Gluten-containing food products Whole-grain Cocoa mass Dehydrated Milk

0.35 0.35 0.34

Bicarbonate Ammonium Sodium Yeast Chemical Wheat flour

0.86 0.71 0.64 0.64 0.56

Stabilizer Iron Corn starch Fortified Folic acid

0.54 0.54 0.52 0.52 0.51

Note: 1.0–0.69 strong association; 0.69–0.3 moderate association.
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which mention that gluten-free food products are

elaborated with non-fortified refined raw materials

(Gallagher et al. 2004; Niewinski 2008). This practice

results in products with low contents of B-complex

vitamins, iron, folate and dietary fibre when compared

with their gluten-containing counterparts (Thompson

2000; Yazynina et al. 2008).

In Brazil, fortification of wheat and corn flours

with iron and folic acid is mandatory, as a strategy of

reducing high population rates of anaemia and

diseases related to folic acid deficiency (Brasil 2002).

However, the mandatory fortification is not extended

to flours usually utilized in the formulation of gluten-

free products, leaving this population unprotected.

In spite of the advantages mentioned in the

literature regarding the use of pseudocereals such as

amaranth, quinoa, or buckwheat (Alvarez-Jubete et al.

2009; Saturni et al. 2010), gluten-free food products

containing such ingredients were not found in the

present research.

Terms frequently found both among gluten-

containing and gluten-free food products suggest

that both product types follow similar manufacturing

patterns, and the concern with quality and safety of

gluten-free food products is limited to the fact that raw

materials must be gluten-free.

Conclusions

High frequencies of sugar, salt and sodium were

identified in both types of products. Identification of

the most frequent terms/ingredients present in gluten-

containing and gluten-free products suggests that the

concern with quality and safety of gluten-free food

products is limited to use of gluten-free raw materials.

Improvements in the nutritional and sensorial

quality of gluten-free food products proposed by

academic researchers with the use of raw materials of

high nutritional content such as, for example,

pseudocereals, as well as the utilization of hydro-

colloids and enzymes, were not identified. Evaluated

food products were elaborated with traditional,

refined, non-fortified five raw materials, a situation

that may compromise dietary intake of fibre and other

important nutrients for the maintenance of good

health among celiac patients.
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