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ABSTRACT

BACKGROUND/AIMS: Gluten is a protein that constitutes the main structure of flour, and thus, its removal from food products causes many
gluten-free products in the market to be low in quality and taste while high in cost. Therefore, the purpose of this study was to compare gluten-
containing and gluten-free food products.

MATERIALS AND METHODS: In this study, which is descriptive-comparative in nature, 64 gluten-free products and their 64 gluten-containing
equivalent products in the same categories were randomly selected in large supermarkets in Antalya.

RESULTS: 50% of the products in this study were gluten-free, and bread and bakery products constituted the major group with 31.3%. The
average price of all gluten-free products in this study was found to be significantly higher compared to gluten-containing products (p<0.01).
The protein levels of the gluten-free products in all categories except for cereal were found to be significantly lower in comparison with the
gluten-containing products (p<0.01). The average amount of fat in gluten-free flour (p<0.05), the average amount of sugar in the gluten-free
pasta group (p<0.01) and the average energy level of the gluten-free cereals were found to be lower (p<0.05) in comparison to their equivalent
gluten-containing food products.

CONCLUSION: In this study, it was found that gluten-free products are not only limited in availability and more costly but they also have
significantly lower protein values. Therefore, it is important to monitor the development of children with celiac disease and to support their
diet with alternative food sources.
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INTRODUCTION

Although a gluten-free diet is a lifetime treatment regime in order to
prevent small intestine damage as a result of gluten exposure in people
with celiac disease,? the number of individuals who follow a gluten-
free diet is higher than the number of individuals diagnosed with
celiac disease, and the popularity of these products in recent years has
increased over time and transformed into a health service.

The preference for healthy gluten-free food products plays an important
role, particularly in curing individuals with celiac disease, as nutrition
is the only method of treatment.* However, it is not easy to sustain a
gluten-free diet. It is not enough for patients only to avoid grain products
containing gluten. They also should be on the alert constantly,> because
excessive consumption of food products containing grain and the use
of grain and its derivatives for purposes including colouring, preserving,
or stabilizing products makes it difficult for celiac patients to adjust to
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a gluten-free diet." Also, as a protein constituting the main structure
of flour, gluten contributes to the structure and appearance of many
baked products. Thus, the removal of gluten from food products causes
many gluten-free products in the market to be lower in quality and
taste while higher in price.2® Additionally, patients following a gluten-
free diet are known to be exposed to nutrition that has high levels of fat
and energy but low levels of nutrients such as iron, zinc, magnesium,
calcium, vitamins D and B12, and folate.”

Although a gluten-free diet is considered to be a healthy diet in general,
considering the potential of this diet to cause certain nutritional
deficiencies, celiac patients should be aware when selecting gluten-free
products that are both nutritious and economical in order to prevent
any problems. This condition imposes an increased financial and
emotional burdens on patients. In spite of this, no studies have been
carried out in Turkey comparing gluten-free and gluten-containing
products in terms of cost, energy, and content. Therefore, this study
was designed to compare gluten-free products with gluten-containing
products in terms of cost, energy and content.

MATERIALS AND METHODS
Design of the Study

This study was planned as a descriptive-comparative research with
the purpose of comparing packaged gluten-free products with gluten-
containing products in terms of cost, energy, and nutrient content.

Categorization of Food Products

In this study, products with a label or in the statement of “gluten-free”
on the packaging were categorized as gluten-free food products, while
those without such a label or statement were considered as gluten-
containing food products. According to the Communiqué for Food
Products Suitable for Gluten Intolerance in the Turkish Food Codex,"
a food product is labelled as “gluten-free” when the gluten level in
food products produced for individuals with gluten intolerance does
not surpass 20 mg/kg. According to the Turkish Food Codex Labelling
and Consumer Information Communiqué,” it is mandatory to include
the amount of energy and nutrients (fat, sugar, protein, salt) in 100
grams of food products on the packaging. In this study, the contents of
energy, protein, fat, sugar and salt in 100 grams of both gluten-free and
gluten-containing products sold in Antalya were compared. Also, a cost-
comparison for 100 grams was completed for these products. Five food
categories representing the majority of packaged food products were
used in selecting and comparing gluten-free and gluten-containing
products based on traditional grain formulations. These food categories
were: 1) flour, 2) bread and bakery products (cake, cookies, biscuits,
pizza etc.), 3) pasta (pasta, noodles, vermicelli etc.), 4) snacks (chocolate,
wafers, pretzels, chips, etc.), and 5) cereals.

Sample of the Study

For the purpose of comparing the nutrient content and costs of gluten-
free and gluten-containing products, all of the gluten-free products
sold in the five biggest supermarkets in Antalya were included in the
“gluten-free” group and the same number of their equivalent “gluten-
containing” products in the same categories were included in the
sample. Thus, a total of 64 gluten-free food products in 5 categories
sold in supermarkets included in the study and their equivalent 64
gluten-containing food products in the same categories were randomly
selected. The two sub-catorgory sample sizes (64 and 64) provide the
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total sample size (128) proposed by Cohen in calculating the medium
effect size for the statistical methods in which the difference between
the two group averages was calculated.” The data were collected
between August 2018 and September 2018 by the researchers in the
designated supermarkets. Non-packaged bakery products and food
products without a food label were not included in the sample. With
the consideration of potential influences on the results, food products
with the labels “no added sugar” or “low sodium” were not included in
the sample. In stores where the same products or different sizes of the
same products (with no difference in nutrient content) were sold, the
product was counted only once and the average price of these products
was taken. For products of different sizes, their prices for 100 grams
were calculated and included in the sample. For this, the direct package
price of the products with 100 grams packs was taken, and for those
products larger than 100 grams, the cost for 100 grams was calculated
by proportioning. Micronutrients, vitamins, minerals, and fiber in these
food products were not included in this study.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 23 (Chicago, IL,
USA) software was used in analysing the data. Number and percentage
for the distribution of food groups; mean, standard deviation and
Mann-Whitney U tests were used to compare the prices and nutritional
content of gluten-containing and gluten-free foods. P<0.05 was
accepted as statistically significant.

RESULTS

Table 1 presents the distribution of food groups included in the sample
by categories. As can be seen, 50% of the products are gluten-free and
50% are gluten-containing. The major group in these categories is bread
and bakery products with 31.3%, and the smallest group is cereals with
9.4% (Table 1). A comparison of the mean prices of gluten-free and
gluten-containing products in each category is presented in Table 2. The
mean price of all gluten-free food groups was significantly higher than
that of the gluten-containing group (p<0.01 for cereals, and p<0.001
for others) and the greatest price difference was seen in the snacks
category, with a six-fold difference (Table 2).

Table 3 shows a comparison of nutrient amounts in gluten-containing
and gluten-free products in each category. The protein level of
gluten-free products in all categories except for cereals was found to
be significantly lower compared to the gluten-containing products
(p<0.01). Also, the amount of fat and sugar in gluten-free and gluten-

Table 1. Distribution of foods by groups (n=128)

n %
Gluten content
Gluten-containing 64 50.0
Gluten-free 64 50.0
Food group
Flour 32 25.0
Bread and bakery products 40 313
Pasta group 24 18.8
Snacks 20 15.6
Breakfast cereals 12 9.4
n: number.
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containing flour showed a significant difference (p<0.05). The average
fat amount in gluten-free flour was lower while the amount of sugar
was 22 times higher compared to gluten-containing flour. However, the
amount of sugar in the gluten-free pasta group was lower than in the
gluten-containing pasta group (p<0.01). In the cereal group, only the
energy level showed a significant difference (p<0.05), with the energy
of gluten-free cereal being lower. The nutrient amounts in gluten-free
and gluten-containing products in other food categories did not show
any significant differences (p>0.05).

DISCUSSION

In this study comparing the content and prices of gluten-free and
gluten-containing food products, only 64 gluten-free products were

accessed despite the fact that the biggest stores in Antalya were
included in the sample. This situation may contribute to the difficulty
of obtaining gluten-free products especially for those individuals with
celiac disease or gluten allergy. In addition to the limited availability
of gluten-free products, the higher prices of these products may also
have a negative impact. This study shows that the prices of gluten-free
products in each food category are higher and that the differences can
be up to 6 times higher. Other studies have also shown similar results,
revealing that gluten-free products are limited in availability and more
costly.”™ Since gluten contributes to the appearance and texture of
many baked products as it is the protein that forms the main structure
of flour, removing gluten from foods causes many gluten-free products
on the market to be lower in content and more expensive.>®

Table 2. Prices of gluten-containing and gluten-free food by groups (n=128)

Gluten-containing foods Gluten-free foods

Food category (for 100 g)* (for 100 g)*
p-value**

Mean SD Mean SD
Flour 1.13 0.66 2.72 1.57 0.000
Bread and bakery products 2.04 137 9.47 6.28 0.000
Pasta group 0.85 0.77 2.45 2.33 0.000
Snacks 297 1.58 17.99 9.01 0.000
Breakfast cereals 2.83 0.66 9.73 2.98 0.004

*Prices of 100 grams of food product have been compared. Prices were given in TL, **The difference between the groups was evaluated by the Mann-Whitney U test and p<0.05, SD:

standard deviation, n: number.

Table 3. Comparison of nutrients for gluten-containing and gluten-free products by food categories (n=128)

Energy (kcal) Protein (g) Fat (g) Sugar (g) Salt (g)
Food category

Mean SD Mean SD Mean SD Mean SD Mean SD
Flour
GC 349.86 18.92 11.09 4.85 6.31 7.30 0.20 0.49 0.02 0.04
GF 355.48 22.40 3.82 3.03 4.05 6.29 4.36 8.56 0.23 0.41
p-value*® 0.336 0.000 0.021 0.018 0.056
Bread and bakery products
GC 435.90 91.90 7.7 2.55 18.00 9.17 20.39 12.64 0.77 0.37
GF 432.65 111.64 3.64 1.95 18.89 10.16 16.63 12.49 0.65 0.51
p-value*® 0.957 0.000 0.685 0.273 0.228
Pasta group
GC 353.42 9.81 12.06 1.08 193 1.14 3.21 117 0.02 0.03
GF 354.38 8.25 9.51 2.81 1.74 0.88 227 1.61 0.03 0.08
p-value® 0.523 0.000 0.523 0.004 0.322
Snacks
GC 474.53 49.47 8.22 1.63 20.77 8.57 23.21 16.76 1.17 0.95
GF 489.00 56.33 3.97 2.23 23.57 8.69 19.80 18.93 1.29 1.04
p-value® 0.427 0.001 0.326 0.545 0.910
Breakfast cereals
GC 379.83 6.49 8.83 1.40 4.10 2.09 19.53 6.53 0.78 0.26
GF 366.82 8.50 11.02 2.68 4.22 2.58 9.43 11.08 0.55 0.71
p-value® 0.016 0.128 0.810 0.149 0.335
The amounts of energy, protein, fat, sugar and salt in 100 grams of food product have been compared. *The difference between the groups was evaluated by the Mann—Whitney U-test
and p<0.05, GC: gluten-containing, GF: gluten-free, SD: standard deviation, n: number.
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This study showed that gluten-free products in each category except
for cereals contain lower protein levels. Other studies conducted in
different countries have shown similar results, in which gluten-free
products contained low levels of protein.’"® As gluten constitutes a
significant portion of the total protein content in grains, the finding
of protein deficiency due to the removal of gluten from flour-
products is an expected result.’®" Although the level of protein in
grains is around 10%, it provides the basic needs of a continually
increasing population, particularly in developing countries, as
a protein source.”® At the same time, bread and bakery products
in countries such as Turkey, in which the Mediterranean diet
is dominant, constitute the widest part of the food pyramid as a
fundamental carbohydrate and energy source.™ Considering that
the majority (56.3%) of the gluten-free products available on the
market in our study area consist of flour and bakery products, the
lack of protein in these products becomes more important. Using
different sources of protein is an important way to bridge this gap.
With this in mind, by using gluten-free grains, legumes, grain-like
products (buckwheat, amaranth, and quinoa) and animal proteins
in formulations, a variety of products with improved nutrients can
be produced.®?

It is known that gluten-free products contain more carbohydrates
compared to gluten-containing products.?? In this study, the
amount of sugar contained in gluten-free flour was found to be 22
times greater than gluten-containing flour. In gluten-free bakery
products, to eliminate the poor appearance and taste due to gluten
removal, rice flour, rice bran, and brown rice flour that do not contain
gluten protein are used rather than whole wheat flour.> However, as
the need for daily calories and carbohydrates of individuals with
celiac disease or gluten allergy is similar to that of the normal
population, it is important to prevent problems that may occur as
a result of excessive carbohydrate consumption.?* Therefore, using
natural products such as beans, legumes and starchy vegetables as
alternatives to grains and using natural carbohydrate sources such
as potatoes in lieu of gluten-free flour is recommended.®

One of the key findings in this study is that the average amount of
sugar contained in gluten-free products in the five food categories
except for flour was lower. At the same time, the average fat and
energy amounts in products were found to be significantly lower
in only one food category of the gluten-free products. Although
previous studies reported that the amount of fat, sugar, salt, and
energy in gluten-free products was higher,"?>?” this study showed
no significant difference between gluten-free and gluten-containing
products in the food groups in terms of these parameters. This may
be a result of positive developments in the manufacturing sector
towards eliminating the disadvantages of gluten-free products in
recent years. For example, to eliminate the negative effect of gluten
removal on the quality of pasta, the use of formulations such as
xanthan gum, guar gum, casein, egg white or fermented peas
rather than flour can explain why gluten-free pasta now has low
sugar levels.?#? However, there are also studies reporting that the
levels of sugar, fat, and energy in gluten-free products do not show
significant differences compared to gluten-containing products.’*
This is especially important for individuals who must consume
gluten-free diets, such as celiac patients, to maintain a healthy
weight and protect themselves from complications due to excessive
consumption of these nutrients.?'
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CONCLUSION

Although not having gluten in food products is the main characteristic
of a gluten-free diet, it can also lead to unintended results including
nutritional deficiency and nutritional imbalance. However, having
sufficient nutrient content in a gluten-free diet is important, particularly
in children, because children are in constant need of maximum
energy and food as they are growing, developing, and active. Thus,
the nutrient quality of gluten-free products available on the market
has received more attention in recent years. This study shows that
the prices of gluten-free products are higher and that the number
of available products on the market is limited. At the same time, the
protein levels in gluten-free products are lower and the level of sugar
in flour is significantly higher. That is why it is important to protect
children and all individuals who follow a gluten-free diet from certain
complications. Thus, it is important to raise awareness in parents,
health care professionals working with children, and educators about
the negative aspects of a gluten-free diet, alternative nutrition, and
monitoring development.

In this study, gluten-free products in the food aisles of the largest
supermarkets in Antalya were included in the sampling, and businesses
such as small markets were not included. Therefore, the results of the
study cannot be generalized to the whole food retail sector.

MAIN POINTS

* The number of gluten-free products on the market is limited and
their prices are higher.

* The protein value in gluten-free products is very low.

» The amount of sugar (except for flour), fat, energy and salt in gluten-
free products was not significantly higher than their counterparts.

ETHICS

Ethics Committee Approval: Ethics committee approval was received
for this study from Akdeniz University Clinical Research Ethics
Committee (decision no: 532, date: 25.07.2018).

Informed Consent: Informed consent is not necessary due to the nature
of this study.

Peer-review: Externally peer-reviewed.
Authorship Contributions

Concept: A.M., EK., Design: A.M., E.K., Supervision: A.M., Data Collection
and/or Processing: E.K., Analysis and/or Interpretation: A.M., Literature
Search: A.M., EK., Writing: A.M., Critical Reviews: A.M., EK.

DISCLOSURES

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The author declared that this study had received
no financial support.

REFERENCES

1. Gokmen Ozel H. GIS Hastaliklarinda Glutensiz Diyet. Ankara: Hacettepe
Universitesi Saglik Bilimleri Fakiiltesi Beslenme ve Diyetetik Bolimii; 2017.



Cyprus ] Med Sci 2022;7(2):229-233

Meydanlioglu and Kose. Comparison of Foods With and Without Gluten

10.

11.

12.

13.

14.

Jnawali P, Kumar V, Tanwar B. Celiac disease: Overview and considerations
for development of gluten-free foods. Food Sci Hum Wellness. 2016; 5: 169-
76.

Sapone A, Bai JC, Ciacci C, Dolinsek j, Green PHR, Hadjivassiliou M, et al.
Spectrum of gluten-related disorders: consensus on new nomenclature and
classification. BMC Med. 2012; 10: 13.

Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JA; American College
of Gastroenterology. ACG clinical guidelines: diagnosis and management of
celiac disease. Am ] Gastroenterol. 2013; 108(5): 656-76; quiz 677.

Edward Bauman B, Friedlander J. Gluten Sensitivity: A Rising
Concern. Bauman College: Holistic Nutrition and Culinary Arts;
2008. Available from: http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.698.9621&rep=rep1&type=pdf (Accessed on
November 5, 2019).

Gallagher E, Gormley TR, Arendt EK. Recent advances in the formulation of
gluten-free cereal-based products. Trends Food Sci Techno. 2004; 15(3-4):
143-52.

Matos ME, Rosell CM. Understanding gluten-free dough for reaching breads
with physical quality and nutritional balance. | Sci Food Agric. 2015; 95(4):
653-61.

Salazar Quero JC, Espin Jaime B, Rodriguez Martinez A, et al. Valoracion
nutricional de la dieta sin gluten. /Es la dieta sin gluten deficitaria en algin
nutriente? [Nutritional assessment of gluten-free diet. Is gluten-free diet
deficient in some nutrient?]. An Pediatr (Barc). 2015; 83(1): 33-9.

Sharoba AM, Abd El-Salam AM, Hoda HH. Production and evaluation
of gluten-free biscuits as functional foods for celiac disease patients. |
Agroaliment Process Technol. 2014; 20(3): 203-14.

T.C. Bashakanlik Mevzuati Gelistirme ve Yayin Genel Mudurligi. Tirk
Gida Kodeksi Gluten intoleransi Olan Bireylere Uygun Gidalar Tebligi 2012.
Available from: https://www.resmigazete.gov.tr/eskiler/2012/01/20120104-8.
htm (Accessed on November 5, 2019).

T.C. Basbakanhk Mevzuati Gelistirme ve Yayin Genel
Turk Gida Kodeksi Gida Etiketleme ve Tuketicileri Bilgilendirme
Yonetmeligi  2017. Available from: https://www.resmigazete.gov.tr/
eskiler/2017/01/20170126M1-6.htm (Accessed on November 5, 2019).

Miidiirligi.

Cohen ). Statistical power analysis fort he behavioral sciences (2nd ed.).
Hillsdale, NJ: Erlbaum; 1988.

Allen B, Orfila C. The Availability and Nutritional Adequacy of Gluten-Free
Bread and Pasta. Nutrients. 2018; 10(10): 1370.

Fry L, Madden AM, Fallaize R. An investigation into the nutritional
composition and cost of gluten-free versus regular food products in the UK.
J Hum Nutr Diet. 2018; 31(1): 108-20.

. Cornicelli M, Saba M, Machello N, Silano M, Neuhold S. Nutritional

composition of gluten-free food versus regular food sold in the Italian
market. Dig Liver Dis. 2018; 50(12): 1305-8.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wu JH, Neal B, Trevena H, Crino M, Stuart-Smith W, Faulkner-Hogg K, et al.
Are gluten-free foods healthier than non-gluten-free foods? An evaluation of
supermarket products in Australia. Br ] Nutr. 2015; 114(3): 448-54.

Jabri B, Kasarda DD, Green PH. Innate and adaptive immunity: the yin and
yang of celiac disease. Immunol Rev. 2005; 206: 219-31.

Panghal A, Khatkar BS, Singh U. Cereal proteins and their role in food
industry. Indian Food Indus. 2006; 25(5): 58-62.

T.C. Saglhk Bakanhg. Tiirkiye Beslenme Rehberi 2015 (TUBER). Ankara:
Alban Tanitim Ltd.Sti. 2016. Available from: https://hsgm.saglik.gov.tr/depo/
birimler/saglikli-beslenme-hareketli-hayat-db/Yayinlar/rehberler/2015-
beslenme-rehberi.pdf

Hegazy Al, Ibrahium MI. Production of Egyptian gluten-free bread. World |
Dairy Food Sci. 2009; 4(2): 123-8.

Caponio F, Summo C, Clodoveo ML, Pasqualone A. Evaluation of the
nutritional quality of the lipid fraction of gluten-free biscuits. Eur Food Res
Technol. 2008; 227(1): 135-9.

Theethira TG, Dennis M, Leffler DA. Nutritional consequences of celiac
disease and the gluten-free diet. Expert Rev Gastroenterol Hepatol. 2014;
8(2): 123-9.

Ozer M, Tuncel NB. Piring ve Piring Yan Urtnlerinin Glutensiz Tahil
Uriinlerinde Kullanimi. ] Grad Sch Nat Appl Sci. 2016; 2(2): 29-44.

Penagini F, Dilillo D, Meneghin F, Mameli C, Fabiano V, Zuccotti GV. Gluten-
free diet in children: an approach to a nutritionally adequate and balanced
diet. Nutrients. 2013; 5(11): 4553-65.

Theethira TG, Dennis M. Celiac disease and the gluten-free diet: consequences
and recommendations for improvement. Dig Dis. 2015; 33(2): 175-82.

Samasca G, Sur G, Lupan |, Deleanu D. Gluten-free diet and quality of life in
celiac disease. Gastroenterol Hepatol Bed Bench. 2014; 7(3): 139-43.

Saturni L, Ferretti G, Bacchetti T. The gluten-free diet: safety and nutritional
quality. Nutrients. 2010; 2(1): 16-34.

Sozer N. Rheological properties of rice pasta dough supplemented with
proteins and gums. Food Hydrocolloids. 2009; 23(3): 849-55.

Torres A, Frias ], Granito M, Vidal-Valverde C. Fermented pigeon pea (Cajanus
cajan) ingredients in pasta products. | Agric Food Chem. 2006; 54(18): 6685-
91.

Elliott C. The nutritional quality of gluten-free products for children.
Pediatrics. 2018; 142(2): €20180525.

Niland B, Cash BD. Health benefits and adverse effects of a gluten-free diet
in non-celiac disease patients. Gastroenterol Hepatol (N Y). 2018; 14(2): 82-
91.

233 e





