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ABSTRACT. The beneficial effects of soluble fibers on carbohydrate metabolism are
well documented. In this regard, we tested an arabinoxylan-enriched white bread flour,
obtained by a patented process by which the bran extracted from the milling process is
enzymatically hydrolyzed in order to separate the soluble fraction fiber from the insolu-
ble fiber. We recruited 24 healthy normoglycemic volunteers [Age 34–61 ± 12.5 y; Body
Mass Index (BMI) 22.1 ± 2.5 kg/m2; Waist circumference (WC) 84.43 ± 8.0 cm; Fat Mass
(FM) 22.7 ± 8.0%] attending the Dietetics Outpatient Clinic of the Internal Medicine
Department at IRCCS Policlinico S. Matteo Foundation, University of Pavia, Pavia,
Italy. Subjects acutely consumed arabinoxylan-enriched white bread (weight: 100 g) or
isoenergetic control breads, in a double-blind crossover study design. Plasma glucose
levels were measured just before bread administration and 30 minutes afterwards. The
30-minute peak postprandial glucose concentrations after arabinoxylan-enriched meals
were significantly lower than after the control meal (107±4.6 mg/dL vs. 121 ± 5.2 mg/dL;
p < 0.05). The here-reported results show how postprandial glucose responses were im-
proved by ingestion of the arabinoxylan-enriched meal. Further studies are needed to
clarify whether daily consumption of arabinoxylan-enriched bread will benefit patients
with type 2 diabetes mellitus.
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INTRODUCTION

During the last century, Western world lifestyle and nutrition have undergone pro-
found changes. A sedentary lifestyle has replaced the much more active previous
one, and there has been a net reduction of the intake of dietary carbohydrates,
in favor of a high-fat and high-protein diet. Furthermore, the few carbohydrates
that are currently used are obtained from refined flours, increasingly lacking fiber
content. Such a low-fiber intake coupled with a high-fat and high-protein diet has
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2 Falchi et al.

been associated with an exponential growth of diseases such as obesity, metabolic
syndrome, type 2 diabetes and cardiovascular disease, which are currently
representing a real emergency issue in public health (Seal and Brownlee, 2015).
Currently a proper diet is universally recognized as a fundamental measure aim-
ing at reducing the risk of diseases and maintaining a healthy lifestyle (Gerber and
Hoffman, 2015; Lattimer and Haub, 2010). The beneficial effect of soluble fiber on
carbohydrate metabolism is well documented (Wang et al., 2016; Brennan, 2005;
Venn and Mann, 2004; Meyer et al., 2000). A major component of dietary fiber
in cereal grains are arabinoxylans, polysaccharides belonging to the category of
hemicellulose, which are characterized by units of linked xylose monomers (xy-
lans), ramified with arabinose (Bartlomiej, 2012). A unique feature of the arabi-
noxylans is the presence of hydroxycinnamic acid and especially ferulic acid, which
act as a liaison between the transverse polysaccharides and polyphenols that pos-
sess strong antioxidant properties, which are associated with reduced risk of cardio-
vascular disease, diabetes, neurodegenerative disorders, and tumors (Kunyanga,
2011). Several studies have shown that the major beneficial effects of wheat bran
are largely attributable to the soluble fiber (Aller et al., 2004; Ou et al., 2001; Lu
et al., 2000). In fact, the insoluble fiber, favoring the gastrointestinal tract emptying,
may cause, especially in susceptible individuals, colon irritation, abdominal bloat-
ing and swelling. Furthermore, it gives the characteristic bitter taste that is typical
of the whole wheat flour. Unfortunately, the vast majority of pentosans and ferulic
acid contained in the bran is not bioavailable. In fact, they are particularly repre-
sented in a layer that contains the starchy grain endosperm (aleurone layer). Since
the aleurone layer is tightly bound to the outer skins (bran), it is easily removed
during the wheat grinding process. Its recovery, obtainable with various food tech-
nologies, has led to the formulation of soluble fiber-enriched flour, to be used for
the preparation of many products that can be evaluated for their potential positive
health properties. Wheat bread might be of particular interest in this field, being not
only consumed in significant quantities in the Mediterranean area, but also char-
acterized by a high glycemic index value, due to its cellular structure and to the
high digestibility of its starch component. From a theoretical standpoint, such an
enrichment in bran fibers in white bread, largely consumed, may result in a slower
carbohydrate absorption, modulating the glycemic response to bread ingestion

AIM

The aim of this study was to investigate the acute effects of an arabinoxylan-
enriched white bread on postprandial glucose levels in healthy volunteers. Thus,
we hoped to evaluate if an arabinoxylan-enriched white bread could be used in the
management of carbohydrate absorption for those who usually do not consume
wheat bread.

SUBJECTS AND METHODS

Subjects

Twenty-four normal-weight and normoglycemic healthy volunteers were recruited
from institute staff and from among student faculty. Subjects with chronic
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Effects of a Bioavailable Arabinoxylan-enriched White Bread Flour 3

diseases, current or previous gastrointestinal infections or in any drug treatment
were excluded from the study. For every subject, body weight, height, BMI (Body
Mass Index) and abdominal circumference were measured. Body weight was mea-
sured using a digital scale to the nearest 0.1 kg; height was measured with a wall-
mounted stadiometer to the nearest 0.1 cm and abdominal circumference was mea-
sured with a non-stretchable measuring tape to the nearest 0.1 cm. Height and
weight were recorded using standard techniques with minimal clothing and without
shoes. BMI was calculated as body weight (kg)/height2 (m2). Body fat composition
was assessed by bioelectrical impedance (Omron BF 302). The protocol for the
study was approved by the Institutional Review board of the medical center and
each patient gave written informed consent.

Experimental Design

The study was designed as a double-blind, crossover acute intervention. The sub-
jects were randomized to eat either a white bread containing “traditional” refined
wheat flour (Group 1; n = 12) or a white bread containing soluble fiber-enriched
flour (Group 2; n = 12), after a 4-hour fasting.

The flour has been produced by a company (flour company Varvello & Co.)
and breads were baked, the morning of test, by a professional baker. White
bread with arabinoxylan and without arabinoxylan was similar in terms of color,
shape, and flavor. They were isoenergic (1187 kJ) and of a similar total weight
(100 g). Bread was made with flour (40%), water (60%), yeast (1.3%) and
salt (1%).

The test was performed in a double-blind fashion so that both the subjects and
the investigator were unaware of the consumed bread. Assessment of capillary
blood glucose was performed by a glucometer (FreeStyleOptium Blood Glucose
Monitoring System-Abbott) just before (time 0) and 30 minutes after (time 30) the
bread meal.

Crossover

The study had a randomized, double-blind, within-subject crossover design
( Figure 1). We decided to consider a crossover design since it could yield a more
efficient comparison of treatments than a parallel design. Every patient received
both bread types in a random order. With this type of study, every patient served
as his or her own matched control. After one week (wash out period), the bread
administration was repeated so that every subject alternatively received one “tra-
ditional” refined wheat flour and one soluble fiber-enriched flour bread serving.
Such a protocol was followed in order to minimize the uncontrolled variability and
to improve subject homogeneity.

Arabinoxylan-Rich Fiber Preparation

This bread was made with a soft wheat flour, obtained by a patented process by
which the bran extracted from the grinding process was enzymatically hydrolyzed
in order to separate the soluble fraction from the insoluble fiber. The resulting bran
product was then reintegrated in the white flour.
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4 Falchi et al.

FIGURE 1. Crossover study design. Every patient received both bread types in a random
order. After one week (wash out period), the bread administration was repeated so that
every subject alternatively received one “traditional” refined wheat flour and one soluble
fiber-enriched flour bread serving.

The compositions of arabinoxylan-enriched white bread and control white
bread, used in this study, are shown in Table 1. The arabinoxylan-enriched bread
contained 3.2% of dietary fiber, all soluble.

Statistics

The results were expressed as mean ± standard error (M ± SE). The sample size
was estimated based on the available literature (Lu et al., 2000; Möhliget et al.,
2005) showing that differences in the average postprandial blood glucose between
types of bread made with different flours were within a 15–20% range. The compar-
ison was performed by applying the Student’s Test. A p value <0.05 was considered
statistically significant. Analyses were performed by the Software MedCalc Ver. 13.

TABLE 1. Composition of control and arabinoxylan-enriched bread

Control bread (100g) Arabinoxylan-enriched bread (100g)

Energy (KJ) 1187 1187
Total protein (g) 8.1 9.93
Available carbohydrates (g) 64.7 55.86
Fat (g) 0.2 1.1
Dietary fibers (g) 1.7 3.2
Soluble fibers (g) 1.7 3.2
Insoluble fibers (g) 0.3 0.3
Free ferulic acid (mg) 0.125 0.165

Values are referred to 100g of bread made from flour nonenriched or enriched with fibers
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Effects of a Bioavailable Arabinoxylan-enriched White Bread Flour 5

TABLE 2. Baseline characteristics of participants. Values are means ± SE

Parameters Normoglycemic subjects (n = 24)

Sex (n) F/M 18/6
Age (years) F/M 35.1 ± 13.1/33.0 ± 11.2
Body weight (kg) F/M 59.6 ± 5.2/77.2 ± 7.6
Height (mt) F/M 1.7 ± 0.1/1.8 ± 0.1
BMI (Kg/m2) F/M 21.6 ± 2.3/24.2 ± 2.5
Body fat (%) F/M 23.7 ± 7.9/17.7 ± 7.3
Waist Circumferences (cm) F/M 81.5 ± 5.9/93.8 ± 6.6
Capillary blood glucose (mg/dL) F/M 85.7 ± 10.6/83.0 ± 7.4

Abbreviations: F, Female; M, Male; BMI, body mass index

RESULTS

The present study evaluated, in acute, the glycemic responses to two types of bread
made with wheat refined flour and with wheat flour supplemented with soluble,
enzymatically-hydrolyzed fiber bran, in 24 normal weight and normoglycemic
healthy subjects. The anthropometric characteristics of the subjects are shown in
Table 2. Fasting glucose was not different between the two groups. As expected,
bread administration was associated with a sharp rise in blood glucose at 30
minutes. The peak of postprandial glucose response after soluble fiber-enriched
bread was significantly lower than after bread without fiber (107 ± 4.59 mg/dL
vs. 121 ± 5.23 mg/dL; p < 0.05). Arabinoxylans-enriched bread reduced capillary
glucose by 20 percent. The mean glucose response to the tested bread types is
shown in Figure 2.

FIGURE 2. Effect of arabinoxylan (AX)-enriched bread on the postprandial glucose re-
sponse over 30 min vs. a control bread in normoglycemic subjects. Values are expressed
as mean (±SD).∗Significantly (p < 0.05) different from the control wheat flour bread.
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Sensory evaluation

No significant differences were observed by the study subjects between the two
bread formulations in terms of flavor, color, texture, and overall quality.

DISCUSSION

The intake of a single bread portion, made with two different types of wheat flour,
refined and enriched in soluble fiber bran showed a markedly different postpran-
dial glucose profile in healthy normoglycemic volunteers. The addition of 3.2 g
arabinoxylans-enriched fibers to bread significantly reduced postprandial glucose
in healthy persons. Furthermore, white bread containing soluble fiber was shown
to have palatability equal to that of whole-wheat bread.

The mechanisms by which arabinoxylans-enriched fibers reduced the postpran-
dial glucose response are not yet clear. The viscosity-altering behavior of these solu-
ble fibers within the small intestine must account for some of these effects, however,
fibers also appear to alter the structure of the foods and hence the accessibility of
the starch granules to the amylase enzymes (Brennan et al., 1996; Tudorica et al.,
2002).Viscosity, or gel-forming capacity, is a physicochemical property associated
with dietary fibers, especially soluble dietary fibers (Dikeman and Fahey, 2006).
This phenomenon is related to their ability to absorb water and form a gelatinous
mass, increasing the viscosity of the contents of the gastrointestinal tract. This may
explain the delayed gastric emptying often associated with the ingestion of fibers.
There are some indications that some viscous fibers delay gastric emptying, and
that slowly digested starch and resistant starch increase satiety. In addition, dietary
fiber was associated with insulin sensitivity, and improved the ability to delay the
absorption of carbohydrates and secrete insulin adequately to overcome insulin
resistance, resulting in lower postprandial blood glucose and insulin levels (Mon-
tonen et al., 2005; Liese et al., 2003).

Many byproducts of the food industry are rich in fiber. In food processing op-
erations, incorporation of soluble fiber in food products is more beneficial as it
provides viscosity, the ability to form gels and/or act as emulsifiers, as compared to
insoluble fiber. These fiber-rich byproducts can be incorporated in food products as
inexpensive, non-caloric bulking agents. These can be used for partial replacement
of flour and or fat and enhance the water and oil retention to improve the emul-
sion and or oxidative stabilities. However, the maximum level of fiber incorpora-
tion in different food products varies, because it may cause undesirable changes
in the color and texture of foods. This study has demonstrated that the addition
of as little as 3.2 g arabinoxylans-rich fiber to bread is sufficient to lowered post-
prandial glucose. This effective concentration can be added to obtain a white bread
flour. In perspective, such a finding may be very important in a clinical scenario in
which it has been reported a remarkably poor adherence to nutritional recommen-
dations for the treatment of certain diseases such as diabetes, obesity and metabolic
syndrome. Such an issue is mainly due to difficulties in initiating and maintaining
lifestyle changes (Sofi et al., 2006; Rivellese et al., 2008) involving dietary habits and
culinary traditions (Vaccaro, 2013). Total fiber consumption remains low compared
to the nutritional recommendations. A nutrition education strategy that takes into
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Effects of a Bioavailable Arabinoxylan-enriched White Bread Flour 7

account the dietary habits and traditions could be a “winning move” in achieving
a sizable improvement in the adherence to dietary recommendations. The addi-
tion of a highly bioavailable bran extract that is rich in soluble fibers (arabinoxy-
lans) to a white wheat flour may allow the production of a bread that is very sim-
ilar to the commonly used white bread. This may improve the patient compliance
in consuming a bread that shares many of the beneficial properties of the wheat
bread.

In conclusion, the present study showed beneficial effects of arabinoxylans-
enriched bread on the postprandial glycemic response in healthy persons. More-
over, these results may suggest the potential positive role of fortified foods not
only in the general population but also in the setting of metabolic syndrome. These
encouraging preliminary results should stimulate the need of extending the use of
soluble fiber bran-enriched bread in a larger population, for a longer period of
treatment, and in patients prone to metabolic disease.
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