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Abstract

This study aimed to quantify the gluten content in a range of grain flour samples, including wheat, whole
wheat, and gluten-free grains, collected from Yemen. Gluten content was determined using a standard wet
gluten extraction method, and fiber content was analyzed using the AOAC method. The results showed that
the white flour samples had the highest gluten content, ranging from 16.9% to 17.8%. In contrast, whole
wheat flour samples had relatively lower gluten content (15.0% to 15.8%), but higher fiber levels. The gluten-
free grain flours, such as soya, millet, sorghum, and oats, contained no detectable gluten, making them
suitable alternatives for individuals with gluten-related disorders. The study also revealed variations in gluten
content between different brands of the same flour type, highlighting the importance of product-specific
analysis. These findings provide valuable insights into the dietary implications of gluten-containing and
gluten-free foods, which can assist healthcare professionals, food manufacturers, and consumers in making
informed decisions.
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1. Introduction crucial in determining the quality of baked products [5-

11].
Authors Wheat is one of the most important cereal crops

worldwide, in terms of production and utilization. It is a

major source of energy, protein and dietary fiber in human = o
nutrition and animal feeding. It provides approximately @ * = + (&

one-fifth of the total calorific input of the world's o=

population [1]. Ghiadin Glutenin Water
The ability of wheat flour to be processed into different E

foods is largely determined by the proteins. According to s :

previously obtained results, the content of total protein in H:f'.‘f:":'ﬁll()’: ..“."t'u'i’.'.'w;'i‘."r'

bread and durum wheat genotypes ranged from 10.87 to . . u

13.04 and 11.46 to 16.53%, respectively [2]. Prolamins +

Gluten is a complex mixture of hundreds of related but ~ Glutenins - %

distinct proteins in wheat, with gliadins and glutenins as

the major components [3]. Similar proteins exist in other Gluten Gluten "Mesh” Structure

grains like rye, barley, and oats [4]. The structure
(Figurel) and interactions of this protein matrix contribute ~ Fig. 1: Structure of Gluten (Adopted from Rosentrater et
to the unique functional properties of gluten, which are al., 2018).
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There is current evidence on the adherence to a gluten-free
diet (GFD), with particular attention to the impact on
women's health [12]. There are several gluten-related
disorders, including coeliac disease (CD), non-coeliac
gluten sensitivity (NCGS), and gluten-sensitive irritable
bowel syndrome (IBS) [13].

The objective of this study was to quantify the gluten
content in various grain flour samples, including wheat,
whole wheat, and gluten-free grains. This information is
important for understanding the dietary implications of
gluten-containing and gluten-free foods, especially for
individuals with gluten-related disorders.

For inserting equations, use the Equation Editor.
Enumerate the equations using Arabic numbers in brackets
on the right hand side of the equation. Equations are
centered and set on a separate line.

2. Materials and Methods

The gluten content of the flour samples was determined
using a standard wet gluten extraction method [14-16].
Briefly, 25 g of flour was weighed into a plastic bowl, and
15 mL of water was added to form a dough ball. The dough
ball was then immersed in water for 1 hour to ensure
proper hydration.

The hydrated dough was gently kneaded and washed under
running water over a fine sieve until the washed-out liquid
was clear. This process removed the starch, sugars, water-
soluble proteins, and other minor components, leaving
behind the wet gluten. The wet gluten was then pressed as
dry as possible, cut into thin pieces, and spread over a petri
dish.

The petri dish containing the wet gluten was dried in a hot
air oven at 100°C for 1 hour. After drying, the petri dish
was cooled in a desiccator and weighed to a constant
weight to obtain the dry gluten weight. The weight of the
empty petri dish (W1 = 8.072 g) and the weight of the petri
dish with the dry gluten (W2) were recorded. The dry
gluten percentage was calculated using the following
formula:

Dry gluten (%) = [(W2 - W1) / 25] x 100 1)

where: Weight of flour = 25 g and the weight of empty
petri dish wash = 8.072 g

Alternatively, the fiber content of the flour samples was
determined using the AOAC standard method [17].
Briefly, 2 g of the flour sample was treated with hot
sulfuric acid and sodium hydroxide solutions to remove
non-fiber components. The remaining residue was washed,
dried, and weighed to determine the fiber content.

The results are shown in Table 1.

3. Results

The gluten contents were found to be: White flour "Al-
Sanabel” (17.8%), White flour "Al-Maha" (16.9%), Whole
Wheat flour "Al-Maha" (15%), Whole Wheat flour "WFP"
(15.8%), Baby Barley (10.6%), Soya (0%), Millet flour
(0%), White sorghum (0%), and Oatmeal (0%) (Table 1).

Table 1: Gluten and Fiber Content in Various Grain Flour
Samples

Gluten Content
CON
£SD (CV)

Name of Sample

(%)£SD

Fiber Content

White Flour "Al-Sanabel" | 17.8+0.15 (0.84) 2.5+0.15
White Flour "Al-Maha" 16.9+0.12 (0.71) 2.8+0.12
Whole W,\'}Iea?a'flour Al 15 4020 (1.33) 42020

Whole Wheat Flour "WFP" | 15.8 +0.18 (1.14) 4.5+0.18

Baby Barley 10.6 +0.14 (1.32) 6.1+0.10
Soya Flour 0 8.2+0.09
Millet Flour 0 7.9+0.08
White Sorghum 0 6.8+0.08
Oatmeal 0 9.3+0.07

Note: * Four times replicates; SD = Standard Deviation;
CV = Coefficient of Variation (%)

4. Discussion

The results show that the white flour samples had
significantly higher gluten contents compared to the whole
wheat and gluten-free grain flour samples (Figure 2). This
finding is consistent with previous studies [13,14]. The
higher gluten content in white flour can be attributed to the
milling process, which removes the bran and germ
fractions, thereby concentrating the gluten-rich
endosperm. In contrast, whole grain flours contain the
entire wheat kernel, including the bran and germ, which
dilute the gluten content.

Interestingly, the study also revealed variations in gluten
content between different brands of the same flour type.
This observation highlights the importance of product-
specific analysis, as gluten levels can vary even among
seemingly similar flour products. The factors contributing
to these brand-to-brand differences may include
differences in wheat cultivars, growing conditions, and
milling techniques.
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Fig. 2: Comparison of Gluten Content in Different Grain
Flour Samples.

The standard deviation values indicate the variability
within each sample group. The white flour samples have
the lowest standard deviations, suggesting a more
consistent gluten content across the replicates. The whole
wheat flour samples and the baby barley sample show
slightly higher standard deviations, indicating more
variability in their gluten content. Similarly, the coefficient
of variation (CV) values, expressed as a percentage,
provide a measure of the relative variability within each
sample group. The white flour samples have the lowest CV
values, ranging from 0.71% to 0.84%, indicating the most
consistent gluten content. The whole wheat flour samples
and the baby barley sample have higher CV values,
ranging from 1.14% to 1.33%, suggesting more variability
in their gluten content.

Whole grain flours, while lower in gluten content,
exhibited higher fiber levels compared to the white flour
samples. This makes whole grain flours a healthier option,
as the increased fiber content can provide additional
nutritional benefits and promote better gut health. The
gluten-free grain flours, such as soya, millet, sorghum, and
oats, were found to contain no detectable gluten, making
them suitable alternatives for individuals with celiac
disease, gluten sensitivity, and wheat allergy [1, 15-22].
Consuming these gluten-free grains can help these
individuals maintain a balanced and nutritious diet while
avoiding the adverse effects associated with gluten intake.

Overall, these findings underscore the importance of
understanding the gluten content and composition of
various grain flour products, particularly for individuals
with gluten-related disorders. The data provided in this
study can assist healthcare professionals, food
manufacturers, and consumers in making informed
decisions regarding the dietary implications of gluten-
containing and gluten-free foods.

Conclusion

This comprehensive study quantified the gluten content in
various grain flour samples, including wheat, whole wheat,
and gluten-free grains. The results provide important
insights into the dietary implications of gluten-containing
and gluten-free foods.

The white flour samples exhibited the highest gluten
content, ranging from 16.9% to 17.8%. In contrast, the
whole wheat flour samples had relatively lower gluten
content, between 15.0% and 15.8%. This finding suggests
that whole grain flours, while lower in gluten, offer higher
fiber content, making them a healthier alternative.

The gluten-free grain flours, such as soya, millet, sorghum,
and oats, were found to contain no detectable gluten. These
grains are suitable options for individuals with gluten-
related disorders, including celiac disease, non-celiac
gluten sensitivity, and wheat allergy.

The variation in gluten content observed between different
brands of the same flour type underscores the importance
of accurate labeling and consumer awareness. Individuals
with gluten sensitivities must carefully scrutinize product
information to make informed dietary choices.

In conclusion, this study provides valuable data on the
gluten content of various grain flours, which can assist
healthcare professionals, food manufacturers, and
consumers in understanding the dietary implications of
gluten-containing and gluten-free foods. Promoting the
use of gluten-free grains and whole grain flours can help
support the nutritional needs of individuals with gluten-
related disorders and contribute to overall health and well-
being.
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