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Abstract: Nowadays, demand for food products with high fiber content is increasing because fiber
consumption improves health problems such as diabetes, cardiovascular diseases, colon cancer etc.
The citrus such as orange, lemon, and grapefruit can been used as source of fiber for bread-making
products. The quality of bakery products is influenced by the wheat flour dough rheological properties.
The addition of different ingredients like citrus fiber affects dough rheology and dough processing as
function of the fiber level addition. The effects of citrus fiber addition to wheat flour at the levels of 0,
2, 4 and 6 % on the rheological behaviour of the dough obtained were investigated using as
rheological devices Farinograph and Amylograph. Dough rheological parameters measured were
water absorption (WA), development time (DT), stability (ST), degree of softening (SDg),
gelatinization temperature (G_t) and peak viscosity (P_V). The fiber addition has the effect of
increasing Farinograph water absorption simultaneously with the increase of the addition level. An
increase in development time and stability were recorded upon addition of citrus fiber <4 %. Also, the
Amylograph parameter peak viscosity increased with increase of the citrus fiber level.
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1. Introduction [3-5]. A large number of studies have been

reported on the physiological actions of
In the recent decades, dietary fiber has fiber addition in foods such as, the
received great attention from researchers in maintenance of gastrointestinal health,
food science and nutrition. The term reduction of intestine transit time,
dietary fiber comprises to major classes: protection against colon cancer, lowering
soluble fiber in water such as pectin, gum of total and low-density lipoprotein
and mucilage, which cannot be digested by cholesterol in the blood serum, reduction
the human digestive enzymes and water of postprandial blood glucose levels,
insoluble fiber, i.e. cellulose, lignin and increase of calcium bioavailability and
some of the hemicelluloses to absorbable reinforcement of the immunological
components in the upper alimentary tract system [1], [6]. Also, the increased of food
[1]. Many studies dealing with the consumption with dietary fiber are
nutritional and physiological aspects of associated with the prevention, reduction
dietary fiber has led to their incorporation and treatment of some diseases, such as
in food products, such as bakery, breakfast diverticular and coronary heart diseases
cereals, meat products, pasta and yogurts [7], improves blood glucose control in
[2]. The high functional value of dietary diabetes, promotes regularity, aids in

fiber has been well studied over the years
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weight loss, and appears to improve
immune function [8].

Nowadays, demand for foods products
with ingredients which contain bioactive
compounds that provide additional health
benefits are increasing. Bread is the most
popular food consumed daily by the
majority of the population and to meet this
requirement, the development of enriched
bread with bioactive compound such as,
dietary fiber should be the best way to
increase the fiber intake. From the point
view of the daily intake of total fiber for
adults, is recommended 38 g for men and
25 g for women [9]. Dietary fiber plays an
essential role in human health not only for
their nutritional properties, but also for
their ~ functional and  technological
properties. The functional properties of
dietary fiber derived from different sources
should be studied in order to obtain the
individual characteristics of each one [10].
Adding different fibers in wheat flour
dough, in order to improve the nutritional
quality of bread will affect the rheological
properties of dough. The evaluation of
rheological properties of wheat flour
dough is decisive for bread making
technology because its provide
information’s regarding dough behaviour
during the bread making process and the
quality of the finished bakery products [11]
Bread can be enriched with many form of
dietary fiber such as wheat bran, oat bran,
rice bran, corn bran, carob fiber, peanut
hull, sunflower hull, flaxseed [12-15] e.g.
When added to bread dough, the fiber can
change its consistency, texture, rheological
behavior and the properties of the finished
products [16-18]. Many studies have been
reported on rheological properties of
dough supplemented with fibers from
different sources [19-25].

In recent years, dietary fiber from fruits
has received increasing attention from
researchers due to their considerable
beneficial effects on the human body.

The citrus fiber from oranges, lemons and
grapefruits constitute rich sources of
dietary fiber with well-balanced proportion
of soluble and insoluble fiber fractions
[26]. Comparatively with the dietary fibers
from other sources, such as cereals, the
main advantage of citrus fiber is its higher
proportion of soluble dietary fiber, about
33%, while only 7% is present in wheat
bran [27], [28]. Also, citrus fibers have an
additional advantage due the presence of
associated bioactive compounds such as
flavonoids, polyphenols, vitamina C and
others [29] with antioxidant properties,
which may exert further health promoting
effects in addition to those of the dietary
fiber itself [30]. Therefore, citrus fiber can
named as antioxidant dietary fiber.

In the preparation of bread, some amount
of wheat flour can be replaced with citrus
fiber, but the main problem of this
substitution in bread dough is the
detrimental effects on dough handling due
to changes in dough rheological properties.
Incorporation of fiber into wheat flour
interacts directly with structural elements
of the three dimensional gluten network
and disrupts the starch-gluten matrix,
affecting the rheological behaviour of
blended dough during mixing, sometime
causing negative effect on the finished
bread quality [31]. The effect of citrus
fiber on dough and bread quality depends
greatly on citrus fiber properties.

The aim of this experimental work was to
assess the rheological properties of wheat
flour-citrus fiber blends (0, 2, 4, and 6%,
w/w of flour addition with citrus fiber) by
using the rheological devices Farinograph
and Amylograph. In addition, the amylase
activity in the samples has been tested.

2. Materials and methods

2.1. Materials

The wheat flour used in the research are
550 type wheat flour (harvest 2012) milled
at S.C. Dizing S.R.L. Brusturi, Neamf
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County, Romania. As a fiber source was
used commercial citrus fiber purchased
from S.C. Enzymes@Derivates Romania
(Costisa, Neamt, Romaénia).

2.2. Preparation of wheat flour - citrus
fiber blends

Citrus fiber (CF) was added in wheat flour
in different doses: 0, 2, 4 and 6 (g/100g).
The wheat flour sample without fiber was
considered as the control one.

2.3. Wheat flour quality evaluation

The control flour sample was analyzed
from proximate composition by Near
Infrared Reflectance spectroscopy (NIR)
technique  using  Inframatic ~ Flour
Analyzers, model 9140, Perten
Instruments. The determined values of it
analytical characteristics are the following:
moisture 14.20%, protein content 12.50%,
water  absorption  56.40%,  Zeleny
sedimentation index 40.10% and wet
gluten content 29.10%. Also, the Hagberg
Falling Number method (ICC method
107/1) to measure flour a-amylase activity
was used.

2.4. Dough rheological properties
measurement by  Farinograph  and
Amylograph

The rheological properties of the wheat
flour and various flour blends with CF
were conducted using a Farinograph with a
300 g capacity (Brabender GmbH and Co.
Duisburg, Germany) according to SR 1SO
5530-4:2005. Water absorption (WA) is
the amount of water required for dough to
reach an arbitrarily chosen consistency
(500 Brabender unit (BU) consistency),
dough development time (DT), dough
stability (ST) and the dough degree of
softening (SDg) were analyzed. Wheat
flour dough viscometric characteristics
were carried out using an Amylograph
(Brabender OGH, Duisburg, Germany)
device according to SR ISO 7973:2000.
Peak  viscosity and  gelatinization
temperature were the parameters analyzed.

2.5. Statistical analysis

All analyses were performed in triplicate
and the data obtained were analyzed by the
statistical software SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA). The figures plotted
with SPSS shows the variation of the
rheological parameters as a function of
citrus fiber addition.

3. Results and Discussion

3.1. Effect of citrus fiber addition on
Farinograph properties

The effect of citrus fiber addition on
Farinograph parameters of wheat flour
with different fiber addition is showed in
Figure 1.
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Figure 1. Farinograph characteristics of wheat
flour-citrus fiber blends: ST, dough
stability (min); DT, dough development time
(min); SDg, softening degree of dough (BU);
WA, water absorbtion (%0).

The results show that the addition of CF
significantly influenced all the wheat flour
dough rheological properties as measured
by the Farinograph. As the amount of
citrus fiber increased, the water absorption
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increase for all the samples with citrus
fiber added.

The water absorption (WA) of the blended
dough increased as function of citrus fiber
concentration and followed a linear
relationship (1):

WA =3.34.CF+56.13;R*=099 (1)

The WA of control sample was 56.6 %
which gradually increased to 76.8 % for
the sample with 6 g/100g CF incorporated.
The increased is due to probably of a great
number of hydroxyl groups existing in the
fiber structure, which allow more water
interactions through hydrogen bonding
[32], [33]. This behaviour is attributed to
citrus fiber ability to retain water within its
matrix. These results are in agreement with
the results obtained by many studies made
on various fiber added in wheat flour
doughs [34-36].

Highest values in the Farinograph
parameters development time (DT) and
dough stability (ST) were observed in
wheat flour dough in were was
incorporated 4% CF. Addition of citrus
fiber above a dose of 4% decreased dough
development time and stability. Softening
degree of dough was also found to increase
with the addition of the citrus fiber. These
results may be explained by the fact that
citrus fiber addition reduces the wheat
flour gluten network formation rate.
Similar results on the effect of addition of
dietary fibres on the farinographic
properties of wheat flour were reported by
Almeida, Chang & Steel (2010).

3.2. Effect of citrus fiber addition on
Amylograph properties

Incorporation of citrus fiber at 0%, 2%, 4%
and 6% levels showed differences on the
dough pasting properties as measured by
Amylograph. The results are indicated in
Figure 2. The presence of the citrus fiber

significantly affected the pasting properties
of the flour blends.
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Figure 2. Amylograph characteristics of wheat
flour-citrus fiber blends: G_t, gelatinization

temperature (°C); P_V, peak viscosity (BU).
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The results show that the increasing
addition level of CF reduced the
gelatinization temperature (G_t), the
lowest gelatinization temperature values
being recorded to a 6% dose of citrus fiber
addition. Also, the peak viscosity (P_V)
increased simultaneously with the increase
dose of citrus fiber addition in wheat flour
dough. These fact may be attributed to a
more quickly starch gelatinization due to a
higher water level in the dough samples
with a higher fiber content incorporated.

3.3. Effect of citrus fiber addition on
Falling Number index value

Effect of citrus fiber on the amylase
activity and consequently on dough
viscosity are illustrated in Figure 3.
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Figure 3. Falling Number index (FN) as a

function of citrus fiber (CF) addition.
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With the increase dose of citrus fiber
content to 6%, the FN index increased
from 351 to 398 s. Therefore, an increase
in FN index indicates that an increase in
citrus fiber content in the wheat flour
dough has decreased it’s oa-amylase
activity.

This may be due to the ability of the starch
granule and of the citrus fiber fraction to
retain water and swell freely, transforming
into a mass with increasing viscosity.

4. Conclusions

Citrus fiber additions had significant
effects on dough rheological behavior,
increasing the Farinograph parameter
water absorption capacity. The
Farinograph parameters of fiber-enriched
dough provided useful information on the
suitability of citrus fiber incorporation
levels, from its parameters development
time, dough stability and degree of
softening. It clearly indicates that citrus
fiber incorporation above 4g/100g has
negative impact on dough development
time and dough stability. Incorporation of
citrus fiber did also influence the
Amylograph  parameters gelatinization
temperature and peak viscosity, showing a
decrease in a-amylase activity. The results
obtained showed the fact that citrus fiber
can be added to wheat flour at a level of
4% without negative influence on
rheological properties of the wheat flour
dough.

5. References

[1]. THEBAUDIN J. Y. LEFEBVRE A. C,
HARRINGTON M., BOURGEOIS C. M., Dietary
fibres: Nutritional and technological interest,
Trends in Food Science and Technology, 8. 41-49,
(1997)

[2]. GELROTH J., RANHOTRA G. S., Food uses
of fibre. In: S. Sungsoo Cho, M. S. Dreher (Eds.),
Handbook of dietary fibre, New York: Taylor and
Francis (2001)

[3]. ESHAK E.S., I1SO H., DATE C., KIKUCHI S.,
WATANABE Y., WADA Y, WAKAI K,
TAMAKOSHI A., Dietary fiber intake is associated
with reduced risk of mortality from cardiovascular
disease among Japanese men and women, Journal of
Nutrition, 140. 1445-1453, (2010)

[4]. KING D.E., Dietary fiber, inflammation, and
cardiovascular disease, Molecular Nutrition &
Food Research, 49. 594-600, (2005)

[5]. O’NEIL C.E., ZANOVEC M., CHO S.S,
NICKLAS T.A., Whole grain and fiber
consumption are associated with lower body weight
measures in US adults: National Health and
Nutrition Examination Survey 1999-2004, Nutrition
Research, 30. 815-822, (2010)

[6]. TUNGLAND B.C., MEYER D., Nondigestible
oligo and polysaccharides (dietary fibre): Their
physiology and role in human health and food,
Comprehensive Reviews in Food Science and Food
Safety, 1. 73-92, (2002)

[7]. FIGUEROLA F., HURTADO M.L., ESTEVEZ
A.M., CHIFFELLE I, ASENJO F., Fibre
concentrates from apple pomace and citrus peel as
potential fibre sources for food enrichment, Food
Chemistry, 91. 395- 401, (2005)

[8]. ANDERSON J.W., BAIRD P., DAVIS R.H,,
FERRERI S., KNUDTSON M., KORAYM A,
WATERS V., WILLIAMS C.L., Health benefits of
dietary fiber, Nutrition Reviews, 67. 188-205,
(2009)

[9]. TRUMBO P., SCHLICKER S., YATES A,
POOS M., Dietary reference intakes for energy,
carbohydrate, fibre, fat, fatty acids, cholesterol,
protein, and amino acids, Journal of the American
Dietetic Association, 102. 1621-1630, (2002)

[10]. LOPEZ G., ROS G., RINCON F., PERIAGO
M.J., MARTINEZ M.C., ORTUNO J., Relationship
between physical and hydration properties of
soluble and insoluble fiber of artichoke, Journal of
Agricultural and Food Chemistry, 44. 2773-2778,
(1996)

[11]. BLOKSMA A.H., BUSHUK W., Rheology
and chemistry of doughs, p. 131-218 In: Wheat:
Chemistry and Technology, Y. Pomeranz, Ed. 3"
Ed. AACC, St. Paul, MN, USA (1988).

[12]. ANIL M., Usage of flaxseed as a source of
dietary fiber in breadmaking, Phd Thesis, Ondokuz
Mayis University, Samsun, Turkey, (2002)

[13]. OZKAYA B., Effects of sugar beet dietary
fiber of different particle size on rheological
properties of dough and quality of bread, Gida
Teknolojisi, 2. 57-64, (1997)

[14]. GLITS@T L. V., BACH KNUDSEN K.,
Milling of whole grain rye to obtain fractions with
different dietary fibre characteristics, Journal of
Cereal Science, 29. 89-97, (1999)

Silvia MIRONEASA, Georgiana Gabriela CODINA, Effect of citrus fibers addition on wheat flour dough rheological

properties, Volume XII, Issue 4 — 2013, pag. 322 - 327



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XII, Issue 4 — 2013

[15]. UZUNKAYA D.F., ERCAN R., The
possibilities of wusing high fiber additives in
hamburger buns, Gida, 24. 369-377, (1999)

[16]. WANG J., ROSELL C.M., BENEDITO C.,
Effect of the addition of different fibres on wheat
dough performance and bread quality, Food
Chemistry, 79. 221-226, (2002)

[17]. SANGNARK A., NOOMHORM A., Effect of
dietary fiber from sugarcane bagasse and sucrose
ester on dough and bread properties, LWT - Food
Science and Technology, 37. 697-704, (2004)

[18]. SANGNARK A., NOOMHORM A,
Chemical, physical and baking properties of dietary
fiber prepared from rice straw, Food Research
International, 37. 66-74, (2004)

[19]. ANGIOLONI A, COLLAR C.,
Physicochemical and nutritional properties of
reduced-caloric density high-fibre breads, LWT-
Food Science and Technology, 44. 747-758, (2011)
[20]. ANIL M., Using of hazelnut testa as a source
of dietary fiber in breadmaking, Journal of Food
Engineering, 80. 61-67, (2007)

[21]. SUDHA M.L., BASKARAN V.,
LEELAVATHI K., Apple pomace as a source of
dietary fiber and polyphenols and its effect on the
rheological characteristics and cake making, Food
Chemistry, 104. 686-692, (2007)

[22]. BARROS F., ALVIOLA J. N., ROONEY
L.W., Comparison of quality of refined and whole
wheat tortillas, Journal of Cereal Science, 51. 50-
56, (2010)

[23]. GOMEZ M., MORALEJA A., OLIETE B.,
RUIZ E., CABALLERO P.A., Effect of fibre size
on the quality of fibre-enriched layer cakes, LWT-
Food Science and Technology, 43. 33-38, (2010)
[24]. SALMENKALLIO-MARTTILA M.,
KATINA K., AUTIO K. Effects of bran
fermentation on quality and microstructure of high-
fiber wheat bread, Cereal Chemistry, 78. 429-435,
(2001)

[25]. SULLIVAN P., O’FLAHERTY ],
BRUNTON N., ARENDT E., GALLAGHER E.,
Fundamental rheological and textural properties of
doughs and breads produced from milled pearled
barley flour, European Food Research and
Technology, 231. 441-453, (2010)

[26]. KOHAJDOVA Z., KAROVICOVA 7],
JURASOVA M., Influence of grapefruit dietary
fibre rich powder on the rheological characteristics
of wheat flour dough and on biscuit quality, Acta
Alimentaria, 42. 91-101, (2013)

[27]. GORINSTEIN S., MARTIN-BELLOSO O.,
PARK Y.S., HARUENKIT R., LOJEK A., CIZ M.,
CASPI A., LIBMAN I, TRAKHTENBERG S,
Comparison of some biochemical characteristics of

different citrus fruits, Food Chemistry, 74. 309-315,
(2001)

[28]. GRIGUELMO-MIGUEL N., MARTIT N-
BELLOSO O., Comparison of dietary fibre from by-
products of processing fruits and greens and from
cereals, Lebensmittel- Wissenschaft und Technologie,
32.503-508, (1999)

[29]. SCHIEBER A., STINTZING F. C., CARLE
R., By-products of plant food processing as a
source of functional compounds-recent
developments, Trends in Food Science &
Technology, 12. 401-413, (2001)

[30]. MARIN F.R, FRUTOS M.J., PEREZ-
ALVAREZ J.A., MARTINEZ-SANCHEZ F., DEL
RIO J.A., Flavonoids as nutraceuticals: structural
related antioxidant properties and their role on
ascorbic acid preservation. In E. Atta-Ur-Rahman
(Ed.), Studies in natural products chemistry, p. 741,
Amsterdam, Elsevier, (2002)

[31]. AHMED J.,, ALMUSALLAM AS., AL-
SALMAN F., ABDULRAHMAN M.H., AL-
SALEM E., Rheological properties of water
insoluble date fiber incorporated wheat flour dough,
LWT - Food Science and Technology, 409-416,
(2013)

[32]. WANG J., ROSELL C.M., BENEDITO DE
BARBER C., Effect of the addition of different
fibres on wheat dough performance and bread
quality, Food Chemistry, 79. 221-226, (2002)

[33]. ROSELL C.M., ROJAS C., BENEDITO DE
BARBER C., Influence of hydrocolloids on dough
rheology and bread quality, Food Hydrocolloids,
15. 75-81, (2001)

[34]. SUDHA M.L, BASKARAN V,
LEELAVATHI K., Apple pomace as a source of
dietary fiber and polyphenols and its effect on the
rheological characteristics and cake making, Food
Chemistry, 104. 686-692, (2007)

[35]. AJILA C.M., LEELAVATHI K., RAO U,,
Improvement of dietary fiber content and
antioxidant properties in soft dough biscuits with
the incorporation of mango peel powder, Journal of
Cereal Science, 48. 319-326, (2008)

[36]. LARRAURI J. A., RUPE'REZ P., BRAVO
L., SAURA-CALIXTO F., High dietary fibre
powders from orange and lime peels: associated
polyphenols and antioxidant capacity, Food
Research International, 29. 757-762, (1996)

[37]. ALMEIDA E.L., CHANG Y.K., STEEL C.J,,
Effect of adding different dietary fiber sources on
farinographic parameters of wheat flour, Cereal
Chemistry, 87. 566-573, (2010)

Silvia MIRONEASA, Georgiana Gabriela CODINA, Effect of citrus fibers addition on wheat flour dough rheological

properties, Volume XII, Issue 4 — 2013, pag. 322 - 327



