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Abstract This study examined the effect of the incorpora-
tion of flesh fibre concentrate (FFC) from apple, pear, and
date pomaces on wheat bread dough performance and bread
quality. The nutritional composition and techno-functional
properties (water-holding capacity, oil-holding capacity,
swelling capacity) of FFC were determined beforehand.
Dough performance was evaluated by farinograph,
alveograph and visco-amylograph. Bread quality was
assessed by physical (weight, specific volume, and color)
and textural (hardness and elasticity) parameters. Digital
imaging analysis was also performed in order to better un-
derstand the observed effects. Results showed that the addi-
tion of FFC in wheat flour significantly improved (P<0.05)
dough properties inducing an increase of water absorption
(from 55 to 60 %), of stability (from 4 to 31 min),of tenacity
(from 83 to 116 mmH2O) , a reduction of extensibility (from
69 to 29 mm), of softening (from 60 to 20 BU), of break-
down (from 34 to 25 BU) and of setback (from 103 to 93 BU)
in comparison to the control dough (without fibre). The
formulation containing FFC produced loaves that had vari-
ous colors (crust, 0<ΔE*<10 and crumb, 0<ΔE*<20;ΔE*
corresponding to color variation), a comparable specific
volume (2.7 vs 2.9 cm3/g for control) and a more aerated
internal crumb structure compared to the control. During
storage of breads at 20 °C, there was no significant difference

(P<0.05) between enriched and control bread crumb and
crust texture profiles.
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Abbreviations
FFC Flesh fibre concentrate
DF Dietary fibre
DM Dry matter
aw Water activity
IDF Insoluble dietary fibre
NDF Neutral dietary fibre
WHC Water-holding capacity
OHC Oil-holding capacity
SWC Swelling capacity
WA Water absorption
BU Brabender units
DDT Dough development time
DS Degree of softening
QI Quality index
W Deformation energy
P Tenacity
L Extensibility
ΔE* Color difference
S Stability

Introduction

Nowadays, there is a growing demand from consumers for
baked products with lower caloric density and higher levels
of dietary fibre (DF). The latter is considered as an excep-
tional ingredient with a lot of beneficial effect on human
health (Sun-Waterhouse et al. 2008; Tsatsaragkou et al.
2012; Mahawar et al. 2012). According to the Association
of Official Analytical Chemists (1995) dietary fibres are

B. Bchir (*) : C. Blecker
Department of Food Science and Formulation, Gembloux
Agro-Bio Tech, University of Liège, 2, passage des déportés,
5030 Gembloux, Belgium
e-mail: brahim.bchir@ulg.ac.be

B. Bchir
e-mail: bchbrahim@yahoo.fr

H. N. Rabetafika :M. Paquot
Department of Industrial Biological Chemistry, Gembloux
Agro-Bio Tech, University of Liège, 2, passage des déportés,
5030 Gembloux, Belgium

Food Bioprocess Technol (2014) 7:1114–1127
DOI 10.1007/s11947-013-1148-y



defined as “the polysaccharides and remnants of plant mate-
rials that are resistant to hydrolysis (digestion) by human
digestive enzymes” (DeVries et al. 1999). High dietary fibre
intake is generally believed to reduce the risk of coronary
heart disease (Sun-Waterhouse et al. 2008), prostate and
laryngeal cancer (Pelucchi et al. 2004). In addition to the
physiological benefits provided by high fibre foods, studies
have shown that dietary fibres can also impart some func-
tional properties to foods, e.g. increase water-holding capac-
ity, oil-holding capacity, emulsification and/or gel formation.
DF’s beneficial effects and properties, justify its addition in
food products such as bakery products, jam, soup and meat
etc. In fact, many authors illustrated that dietary fibres incor-
porated into food products can modify textural properties,
avoid syneresis, stabilize high fat food and emulsions and
improve shelf-life (Elleuch et al. 2011).

However, there is often insufficient fibres consumption in
the daily diet, which is partly attributed to the fact that insuf-
ficient fibres are incorporated into popular product categories
such as bakery products (Sun-Waterhouse et al. 2008).
According to the United States Department of Agriculture,
the recommendations for DF intake range from 25 to 30 g/day.
Therefore, the development of enriched bread with higher
fibre content is one of the efficient ways to increase fibre
intake (Goesaert et al. 2005).

Many researchers have studied the effect of increasing
fibre content in bakery products (De Escalada et al. 2010).
Wittig de Penna et al. (1998) used lupinus fibre in muffins.
Wheat bran, corn bran, oat bran and soy hulls were used by
Jeltema and Zabic (1979)) in cakes. Furthermore, many
forms of DF have been used in bread making such as wheat
bran, oat bran (Park et al. 1997), corn bran (Abdul-Hamid
and Luan 2000), date seed fibre (Borchani et al. 2011), apple
fibre (Mahawar et al. 2012), carob fibre (Tsatsaragkou et al.
2012), psyllium husk fibre (Chen et al. 1988), field pea hull
(Collar et al. 2007), and hazelnut (Anil 2007). To the best of
our knowledge, there are no reports on the use of apple, pear
and date fibre from cooked fruit by-products as a source of
DF in bread making. Cooked fruits have specific flavors,
generated from non-enzymatic browning reactions, includ-
ing caramelized sugar aromas. In Belgium, the production of
“Liège syrup”, a very popular fruit-concentrate spread sim-
ilar to apple butter, generates annually one thousand tons of
by-products from cooked apples, pears and dried dates
(Aguedo et al. 2012; Rabetafika et al. 2013).

The aim of the present study is to evaluate the potentiality
of apple, pear and date fibres, from cooked fruits by-products
of “Liège syrup” manufacturing, as a bakery ingredient.
Thus, two sets of experiments were carried out, one to
determine the composition and techno-functional properties
(water-holding capacity, oil-holding capacity, swelling ca-
pacity) of flesh fibre concentrate (FFC) and the other to
evaluate the impact of FFC addition on physicochemical

properties of dough (e.g. water absorption, development
time, stability, deformation energy, tenacity, extensibility,
breakdown etc.) and bread quality (e.g. weight loss, specific
volume, color, crumb structure and texture, etc.).

Material and Methods

Material

The by-products of cooked apple, pear and dried date, came
from the production of “Liège syrup” from the Siroperie
Meurens (Aubel, Belgium) in autumn 2011. During the in-
dustrial process, apples (mainly French “Granny-Smith” and
Belgian “Jonagold” and “Jonagored” cultivars) and pears
(Belgian and French “Conference” cultivars) were cooked
separately during one hour. Sun-dried dates (“Deglet noor”
from Tunisia) were heated in water during 3 h and were then
pitted; the ensuing pulp was then cooked during 2 h. After
cooking, the different fruit were filter-pressed, yielding solid
by-products: 100 kg of fruit yielded approximately 12 kg of
by-products. Approximately 10 kg of fresh by-products were
randomly collected from two different batches (each weighing
several hundred kilogrammes) and rapidly stored at −20 °C
for later analysis (Aguedo et al. 2012).

Wheat commercial flour of standard quality provided by
Ceres group (BELGIQUE) was used for dough preparation.
Flour composition was: proteins, 11.7 %; lipids, 1.2 %; mois-
ture, 13.2 % and ash, 0.6 %.

Sample Preparation

For all analyses, the samples were desugared, oven-dried and
ground, in order to avoid microbial spoiling during storage.
Desugaring process was performed as follows; pomaces
were stirred at room temperature during 15 min in distilled
water at a ratio 1/10 (w/v; pomace/water). The mixtures were
then filtered on 100-μm nylon filter to separate the insoluble
residues. These operations of extraction and filtration were
repeated twice (Rabetafika et al. 2013). Residues of
desugared fruit pomaces were then oven-dried. Drying ex-
periments were carried out in a laboratory scale drier with an
air velocity of 2.0±0.1 m/s. The drying cabinet (Memmert
tcp 800, Schutzart, Germany) was equipped with an electri-
cal heater, a fan and temperature indicators. The grinding
was carried out with a laboratory hammer mill Retsch with 1-
mm mesh sieve (Haan, Germany).

The particle size of these preparations expressed as D(0.5)
was determined by laser diffraction using a laser particles
size analyzer (Mastersizer-Malvern 2000, United kingdom).
D(0.5) corresponds to the mean particle size for which 50 %
of the sample volume is below. Bulk density was determined
in accordance with Sabanis et al. (2009).
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All analytical determinations were performed in triplicate.
Values were expressed as the mean±standard deviation.

Physico-Chemical Analysis of FFC

Dry Matter, Ash, Lipid and Water Activity

Drymatter (DM)was determined by drying samples at 106 °C
to constant weight (Association of Official Analytical
Chemists 1995). Total ash content (525 °C for 3 h, expressed
as percent of DM), lipids were analyzed according to AOAC
methods (Association of Official Analytical Chemists 1995).
Water activity (aw) was measured using Aqualab Cx-2 instru-
ment (Decagon, Pullman, USA) at 20 °C (Bchir et al. 2012a).

Protein Determination: Dumas Method

Protein concentration was determined using a Dumas Elementar
Rapid N cube 161 15054 (Donaustrasse, Germany). Up to 1 g
solid sample material was wrapped in paper and pressed into
pellets. The wrapped samples were loaded onto a carousel with
60 positions. Samples are individually transferred to the com-
bustion tube via the well ball valve (a rotary valve that has a ball
closure). Nitrogen determination is based on the quantitative
combustion digestion of the sample at approximately 900 °C
in excess oxygen (Saint-Denisa and Groupy 2004). The bound
nitrogen is transformed into molecular nitrogen and nitric ox-
ides. The analysis gases are transferred with CO2 as carrier gas
via a catalytic post combustion zone onto a reduction zone. At
this point, the conversion of the nitric oxides into nitrogen at hot
tungsten takes place. Furthermore, the excess oxygen is bound.
After a two-stage drying phase, the gas mixture flows to the
thermoconductivity detector via an electronic flow controller. A
connected PC calculates the nitrogen concentration in the sam-
ple from the thermoconductivity detector signal of the N2 in the
CO2 and from the sample weight. A factor of 6.25 was used for
conversion of nitrogen to crude protein (Bchir et al. 2012a).

Dietary Fibre Determination

Insoluble dietary fibres (IDF) including neutral dietary fibre
(NDF) such as cellulose, hemicelluloses and lignins were
analysed according to the Van Soest and Wine (1967) meth-
od, and AOAC 973.18 method (Association of Official
Analytical Chemists 1995) using selective solubilisation in
neutral and acid detergent solutions of the insoluble fibre.
Klason lignin was determined as the insoluble residue after
treatment with H2SO4 72 % of the insoluble acid detergent.

Pectin content was quantified by the determination of the
amount of galacturonic acid in samples. Analyses were
performed by high-performance anion exchange chromatog-
raphy coupled with pulsed amperometric detector (HPAEC-
PAD) using a Dionex ICS-3000 system equipped with a

PA100 anion exchange column (4×250 mm) and a PA100
guard column (4×50 mm). Elutions were performed at 35 °C
at constant flow of 1 ml/min with solvent A (100 mMNaOH),
solvent B (600 mM CH3COONa +100 mM NaOH), and
solvent C (500 mM NaOH) as following: 100 % A during 5
min, then a linear 2 min gradient up to 25 % B and 75 % A
maintained during 7 min, then a linear 0.5 min gradient up to
50%B and 50%Amaintained during 9.5 min, then up to 100
% A in 0.5 min A and maintained during 9.5 min (Rabetafika
et al. 2013).

Free Sugars Determination

HPAEC-PAD analysis was performed to quantify free sugars
namely glucose, fructose and saccharose. Free sugars were
extracted with water before injection on the Dionex ICS-
3000 system equipped with a PA100 anion exchange column
(4×250 mm) and a PA100 guard column (4×50 mm).
Elutions were performed at 35 °C at constant flow of 1
ml/min with solvent A (100 mM NaOH), solvent B (600
mM CH3COONa +100 mM NaOH), solvent C (500 mM
NaOH), and solvent D (distilled water) as following: 50 %
solvent A+50 % solvent D during 8 min, linear gradient up
to 100 % solvent A during 4 min, 100 % A during 3 min,
linear gradient up to 30 % B and 70 % A during10 min, 30 %
B and 70 % A during 3 min, up to 50 % B and 50 % C during
0.1 min, 50 % B and 50 % C during 9.9 min, up to 50 % D
and 50 % A during 0.1 min, 50 % D and 50 % A during 10
min (Rabetafika et al. 2013).

Techno-Functional Properties

Water-Holding Capacity The water-holding capacity (WHC)
was determined using a modified method described in the
literature (Mac Connell et al. 1974). 1 g of sample was stirred
with 15 ml of distilled water in a 50-ml centrifuge tube and
soaked overnight at room temperature. The mixture was then
centrifuged at 15,000×g for 20 min. The free water was
discarded and the absorbed water weighed. WHC was
expressed as gramme of water per gramme of dry powder.

Oil-holding Capacity The oil-holding capacity (OHC) was
measured using a method described in the literature
(Fermenia et al. 1997). One gramme of samples was added
to 15 ml of sunflower oil in a 50-ml centrifuge tube. The
content was left overnight at room temperature. After that the
tubes were centrifuged at 15,000×g for 20 min. The free oil
was decanted and the absorbed oil was weighed. OHC was
expressed as gramme of oil per gramme of dry powder.

Swelling Capacity The swelling capacity (SWC) was deter-
mined according to Guillon and Champ (2000). One gramme
of sample was weighed in a glass cylinder and left to swell
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overnight at room temperature after adding 15 ml of distilled
water. SWC was expressed as milliliter of swollen sample
per gramme of dry initial matter.

Bread Making Procedure

Four formulations were tested: control bread (without fibre),
breads enriched with date, pear, and apple fibre. FFC fractions
were incorporated in a bread formula in order to obtain loaf
with 2 % of fibre. Breads were prepared by mixing dough
constituents and water. First, wheat flour enriched by dietary
fibre and yeast (10 % of flour weight) were mixed in a
Kenwood (Serial, KM 336, Germany) device during 2 min.
The mixing rate was fixed on the±248 rpm. Then, the marga-
rine (25 % of flour weight) was divided in small pieces and
added to the mix. This blend was mixed again during 2 min at
248 rpm. Next, water was added little by little in one minute.
During this operation, the mixing rate was fixed at±305 rpm.
After 2.5 min of mixing at 305 rpm, salt (15% of flour weight)
was added and the mixing rate was reduced to 248 rpm. After
mixing, a first fermentation took place. The dough was placed
in a Salva fermentation room (IVERPAN-87, Toulouse,
France) during 45 min (30 °C, ±85%HR). Next, the dough
was divided in 4 parts and these parts were rolled by dough
rounder (Brabender, Duisburg, Germany) to obtain four
dough bowls of±400 g. Each bowl was put in a previously
oiled mould. For the second fermentation, the moulds with the
dough bowls were placed in the fermentation room (30 °C, ±
85%HR). The fermentation time was controlled using a
fermentation measurer. 25±0.3 g of dough were rolled by
hand and put in the fermentation measurer composed of a
plunger and graduated cylinder. The plunger of the measure
was placed at 2.4 cm. The second fermentation was stopped
when the plunger reached the 4-cm graduation. Dough vol-
ume was recorded every 10 min until the end of the second
fermentation.

Finally, the breads were baked in a Salva bakery oven at
230 °C during 15 min. Steam was injected into the oven at
the beginning of the baking. After baking, breads were
removed from their moulds and allowed to cool during 2
h at room temperature (∼25 °C). The volume and the weight
of the breads were measured before packing them in bakery
paper bags. The bread making was performed in duplicate,
and control breads without fibre addition were also pre-
pared each time that breads with different fibre fractions
were processed.

Dough Characteristics

The effect of added FFC on dough rheology during mixing
was determined by a farinograph (Brabender, Duisburg,
Germany), and alveograph (Chopin AL 87, France) and
viscoamylograph (Brabender PT-100, Germany).

Farinograph

Regarding the farinograph the following method 54-30-02
(American Association of Cereal Chemists AACC 2000)
was used. The determined parameters were: water absorption
or percentage of water required to yield dough consistency of
500 BU (Brabender units), dough development time (DDT;
time to reach maximum consistency in minutes), stability (S;
time when dough consistency remains at 500 BU), degree of
softening (DS; 12 min after maximum), Quality index (QI;
time interval between the points, where water is added and
the point where the curve presents a decrease of 30 BU).
Measurements were performed in triplicate. Values were
expressed as the mean±standard deviation.

Alveograph

The following method 54-30-02 (American Association of
Cereal Chemists AACC 2000) was used to determine the
alveograph test. The monitored parameters were the deforma-
tion energy (W), tenacity or resistance to extension (P), dough
extensibility (L) and curve configuration ratio (P/L ratio) of
dough, with or without fibres. Measurements were performed
in quintuplicate. Values were expressed as the mean±standard
deviation.

Viscoamylograph

Enriched dough and control dough properties were evaluated
following the method of Wiesenborn et al. (1994) using a
viscoamylograph (Brabender PT-100, Germany). Enriched
flour suspension was heated to 95 °C at a rate of 1.5 °C/min,
held at this temperature for 15 min, cooled to 50 °C at the
same rate and held at this second temperature for another 15
min. Amylogram was used to calculate maximum viscosity,
breakdown and setback in BU. Viscosity at the initial gela-
tinization temperature corresponds to 0 BU (Torre-Gutiérrez
et al. 2008).

On other hand, dough yield was also calculated by divid-
ing dough weight (gramme) by flour weight multiplied by
one hundred. Measurements were performed in triplicate.
Values were expressed as the mean±standard deviation.

Bread Quality Evaluation

Weight, Volume, Specific Volume and Weight Loss
Determination

Weight and volume were measured 2 h after removal of
bread loaves from the oven. Loaf volume was determined
by seed displacement in a loaf volume meter and specific
volume was calculated by dividing volume by loaf weight
(cubic centimeter per gramme).Weight of breads before and
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after cooking was measured using a precision weighing
scale; the weight loss was calculated using the Eq. (1)
(Borchani et al. 2011).

Weight loss ¼ Massbeforecooking−Massafter cooking

M assbeforecooking

� �
� 100

ð1Þ

Surface Color Measurement

Colors of crust and crumb were determined as the CIELAB
coordinates (L*, a*, b*) using a colorimeter Mini Scan
MS/Y-2500 with a lamp (D 65) lamp (HunterLab, Reston,
VA). In this coordinate system, L* value is a measure of
lightness, ranging from 0 (black) to +100 (white), a* value
ranges from −100 (greenness) to +100 (redness) and b* value
ranges from −100 (blueness) to +100 (yellowness) (Bchir
et al. 2012b). The total color difference (ΔE*) was deter-
mined by using Equation (2) (Romano et al. 2008):

ΔE� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L�−L0�ð Þ2 þ a�−a0�ð Þ2 þ b�−b0�ð Þ2

q
ð2Þ

Where L*, a*, b* and L0
*, a0

*, b0
* are the CIELAB

coordinates of enriched and control breads, respectively.
Two analyses were performed on crust and crumb at 3 cm
from the edge. The spot size corresponds to 4 cm.

Texture Analysis

The loaves were cut perpendicular to their axis in 15-mm
thick slices, using an electric knife (Krups, France), and
texture was taken at 2.5 cm of the crust. Texture analysis
were carried out using a texture profile analyzer (TA.XT2;
Stable Micro Systems, UK), with 7-mm (diameter) cylinder
probe for crust and 12.7-mm (diameter) spherical probe for
the crumb. The operating conditions of the instrument were
as follows: 2-mm/s pre-test speed, 2-mm/s test speed, 2-
mm/s post-test speed, 0.10-N trigger force and 10-mm dis-
tance of penetration and 60-s time of compression. The
hardness and elasticity of crust and crumb were the means
of 6 single slices. Two analyses were performed on each slice
at 2.5 cm from the edge. Hardness [Newton] was taken as the
force in compression which corresponded to the end of the
compression, while the elasticity was calculated by dividing
the value of hardness (Newton) after 60 s by the value the
value of initial hardness.

Digital Imaging

To acquire the digital image of the bread and the cut surface
of the bread crumb for visual evaluation, a digital camera
was used (Sony corp; DSC-W320; CHINA).

Statistical Analyses

Statistical analyses were carried out using statistical software
(SPSS for windows version 11.0). The data sets were
subjected to analysis of variance using the general linear
model option (Duncan test) in order to investigate differ-
ences among samples (P<0.05).

Results and Discussion

Characteristics of Apple, Pear And Date Pomaces

Composition and physicochemical properties of apple, pear and
date pomaces are shown in Table 1. Results showed predom-
inance of fibre in all pomaces especially insoluble fibre, follow-
ed by protein, fat, ash, and free sugar. Pomaces were desugared
to obtain a flesh fibre concentrate (FFC). Larrauri (1999) re-
ported that desugared pomaces contained more dietary fibre
(DF) such as cellulose and hemicelluloses rich in hydroxyl
group. In addition, washing the pomaces, particularly with
hot water, dramatically increased the techno-functional capac-
ities owing to the sugar released (Larrauri 1999).

In fact, Table 1 shows a high total dietary fibre content,
particularly for IDF reaching 78, 81 and 89 g/100 g DM, for
apple, date, and pear pomaces respectively. Cellulose repre-
sented the major component of insoluble dietary fibre in apple
and pear FFC, whereas for date FFC it was lignin. Both pear
and apple characteristics were higher to those observed in the
literature. Indeed, DF in unprocessed apple pomace from juice
manufacturing was reported to be only 51.1 % (Sudha et al.
2007). Grigelmo-Miguel and Martin-Belloso (1999)) and
Martin-Cabrejas et al. (1995) found that concentrate pear
pomaces were constituted with 36.1 to 43.9 % DF. However,
DF content in the date FFC is within the range of Borchani
et al. (2011) results, corresponding to 89 g/100 g DM.
Total DF content of pear, apple and date FFC was
higher than those of other fruit DF concentrates reported
for grape fruit, lemon orange, and mango (28–71 g/100 g DM)
(Figuerola et al. 2005; Vergara-Valencia et al. 2007). Soluble
dietary fibre protein and free sugar are present in low amounts
in pomaces. This is due to their solubilisation in water during
the desugaring.

However, FFC might be considered as a potential ingredi-
ent for dietetic food products. Protein content in FFCwas high
(5.7–6–10.7 g/100 g DM, pear, apple and date, respectively)
compared with other fibres such as mango fibre (4.28 g/100 g
DM) (Vergara-Valencia et al. 2007), lemon fibre (6.7 g/100 g
DM) and grape fruit fibre (4.42 g/100 g DM) (Figuerola et al.
2005). FFC contained a significant low amount of ash (0.9–
1.4–2.1 g/100 g DM, respectively), compared to that deter-
mined in fibre from Citrus sinensis peel (3.3 g/100 g DM)
(Chau and Huang 2003), lemon (3.4 g/100 g DM), orange (3.9
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g/100 g DM), and grapefruit (3.2 g/100 g DM) (Figuerola
et al. 2005). In addition, date, pear, and apple FFC presented a
low content of lipid (2.6–3.7–2.5 g/100 g DM, respectively),
lower than those reported in the commercial grape fibre (6.9
g/100 g DM) (Saura-Calixto 1998), peel of Citrus sinensis
(22.2 g/100 g DM) (Chau and Huang 2003) and apple fibre
(3.12 g/100 g DM) (Figuerola et al. 2005).

Physical properties of FFC are studied due to their impor-
tance in relation to the functionality and nutritional quality of
food fibre. Three parameters have been widely studied in
food functionality: the WHC, the OHC and the SWC (Sudha
et al. 2007).

Date and pear FFC had respectively a water-holding capac-
ity of 5.7 and 4.9 mL/g DM, lower than those reported in the
literature (5.9, 6.7 ml/g DM, for date and pear pomaces, re-
spectively). Whereas WHC for apple FFC were higher than
those found for concentrated apple pomace (Liberty cultivars)
by Figuerola et al. (2005). Oil-holding capacity is another
important parameter, ranging between 2.0 and 2.2 g/g for both
apple and pear pomaces, which were higher than 0.6–1.45 g/g,
values reported by Figuerola et al. (2005) and Pourfarzad et al.
(2013). A similar oil-holding capacity of date fibre (2.1 g oil/g
dry sample) was observed by Borchani et al. (2011) (2.3 g oil/g
DM). However, SWC were comparable or lower than those
found in the literature for different FFC (Martin-Cabrejas et al.
1995; Figuerola et al. 2005; Sudha et al. 2007).

These differences could be related to the amount of insol-
uble dietary fibre in various varieties but also to the different
fibre particle size. In fact, Sangmark and Noomhorm (2003)
and Oarrott and Thrall (1978) reported that higher particle
size of dietary fibre is associated with higher WHC and
OHC. A decrease of the hydration properties was obtained
after particle size reduction with carrot, cabbage fibres
(Cadden 1987), ashgourd and radish fibres (Gupta and
Premavalli 2010). The variation of WHC was explained by
a structural modification like the surface area, porosity of
fibres and fibre density (Cadden 1987; Lario et al. 2004).

L*, a*, b* values of pomaces reflected the modification of
FFC colors after cooking and desugaring process. Different
pomaces have a low L*, a*, b* values (28, 9, 9; 36, 6, 17; 35,
6, 13, for date, pear and apple, respectively). Pear and apple
pomaces have a less dark color compared to date pomace.
Taken into account the operating condition, the coloration
may result from enzymatic and non enzymatic browning.

In addition, water activities of different pomaces were
under 0.650, inhibiting bacteria, fungi, and yeast develop-
ment (Bchir et al. 2012a) and inducing a better conservation
of pomaces. Concerning the bulk density of powders, date
had the higher value followed by apple and pear.

Physicochemical and nutritional characteristics of dietary
fibres showed an interesting potentiality of fibre to be used in
food formulation as ingredients.

Table 1 Chemical and nutri-
tional composition, particle size
distribution, bulk density, water
activity and physical properties
of date pear and apple pomaces

WHC water-holding capacity,
OHC oil-holding capacity, SWC
swelling capacity,DM dry matter

Date Pear Apple

Chemical composition

Moisture (%) 7.8±0.2 8.3±0.1 8.1±0.2

Ash (g/100 g DM) 2.0±0.1 0.9±0.1 1.4±0.1

Protein (g/100 g DM) 10.7±0.5 5.7±0.2 6.0±0.3

Fat (g/100 g DM) 2.6±0.2 3.7±0.1 2.5±0.1

Free sugar (g/100 g DM) 1.0±0.1 0.3±0.1 1.1±0.1

Nutritional composition

Insoluble fibre (g/100 g DM) Hemicelluloses 13.4±0.5 28.5±1.2 16.4±0.5

Cellulose 23.2±1.1 38.8±1.1 42.4±1.2

Lignins 44.5±0.5 21.9±0.5 19.0±0.2

Total insoluble fibre (g/100 g DM) 81.1±1.2 89.2±0.5 77.8±0.5

Soluble fibre pectins (g/100 g DM) 2.6±0.1 1.5±0.1 4.2±0.1

Total fibre (g/100 g DM) 83.7±1.1 90.7±1.1 82.0±0.5

Particle size distribution (%)

D (0.5) 850±15 910±10 860±20

Bulk density (g/l) 539.5±4.9 385.5±2.0 429.5±5.2

Water activity 0.425±0.001 0.415±0.001 0.435±0.002

Physical properties

WHC (g water/g DM) 5.7±0.2 4.9±0.1 7.5±0.2

OHC (g oil/g DM) 2.3±0.1 2.1±0.1 2.2±0.1

SWC (ml/g DM) 3.9±0.1 5.9±0.1 7.0±0.1
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Effects of Flesh Fibre Concentrate on Dough Properties

Table 2 summarises the farinograph, alveograph and visco-
amylograph results of the control dough (without fibre addi-
tion) and those of dietary fibre (date, pear, and date FFC)
supplemented dough.

Farinograph Analysis

Results showed that the addition of FFC promoted differences
on the dough mixing behavior. In fact, a significant (P<0.05)
increase in the water absorption with added FFC-enriched
dough compared with the control can be noticed. This result
agreed with those found by other authors with different kinds
of fibre and hydrocolloids (Abdel-Kader 2000; Rosell et al.
2010). This result was expected due to the important number
of hydroxyl groups existing in the fibre structure, which
allows more water interactions through hydrogen bonding
(Gómez et al. 2003). These results explained an improvement
of the dough yield (Table 3). The higher water absorption was
observed in date and apple FFC-enriched dough.

Dough development time (DDT) and stability are indicators
of the flour strength, higher values suggesting stronger doughs
(Rosales-Juarez et al. 2008). DDT corresponding to the time

required for dough development, or to reach a dough consis-
tency equivalence of 500 BU, did not vary as a function of
fibre additions. Similar results were obtained by Borchani et al.
(2011). The use of FFC significantly increased the stability of
the dough (19, 29, 31 min, respectively, for pear, date and
apple) compared to the control (4 min; P<0.05; Table 2),
independently of fibre source. This can be explained by higher
interactions between FFC, water and flour protein (gluten)
(Borchani et al. 2011). Our results are in accordance with the
results reported by Anil (2007) and Laurikainen et al. (1998),
who found an increase of the stability with fibre addition.
Apple and date FFC exhibited a higher effect on dough stabil-
ity than the dough supplemented with pear FFC. This could be
related to the structure and the composition of the added fibre.
The addition of the FFC reduced three times the DS parameter
compared to the control dough. This result was in concordance
with those reported by Stojceska and Ainsworth (2008) and
Anil (2007), which found a decrease of softening degree
regarding addition of hazelnut fibre. The highest softening
value (60 BU) was observed in the control sample because
the antioxidants did not have any effect on the control dough. It
is worth noting that phenolic substances and antioxidants are
present in different FFC (Aguedo et al. 2012). Due to their
richness in phenolic compounds, FFC could be considered a

Table 2 Farinograph alveograph and viscoamylograph characteristics of dough containing different kinds of flesh fibre concentrate

Parameters Flour formulations

Dough control Flour with
date fibre

Flour with
pear fibre

Flour with
apple fibre

Farinograph analysis Water absorption (%) 55.5a±0.1 60.5c±0.5 57.5b±0.1 59.5c±0.1

Dough development time (min) 2.0a±0.0 2.0a±0.0 2.0a±0.0 2.0a±0.1

Stability (min) 4.0a±0.0 29.0c±1.5 19.0b±0.0 31.0c±1.0

Softening (BU) Quality index 60.0b±1.0
40.0a±1.5

20.0a±1.0
260.0c±1.5

20.0a±1,0
190.0b±2.5

20.0a±1.0
290.0d± 1.5

Alveograph analysis Tenacity (P) (mmH2O) 83.2a±2.4 105.3c±3.7 106.5b±4.2 115.7b±5.3

Extensibility (L) (mm) 69.1c±5.7 29.6a±1.1 35.3b±3.1 39.8b±3.8

P/L ratio 1.2a±0.1 3.5b±0.3 3.0b±0.3 2.9b±0.1

Deformation energy (×10−4) 193.4d±1.4 165.8c±4.3 158.1b±3.5 141.1a±1.9

Viscoamylograph analysis Initial gelatinization temperature (°C) 66.4a±0.9 69.6b±4.1 69.4b±0.3 69.8b±0.5

Viscosity at 95 °C (BU) 120.0d±2.8 106.0b±0.0 103.0 a±0.0 109.0c±0.0

Peak viscosity- temperature (°C) 91.0b±0.2 90.1a±0.1 89.8a±0.3 90.2a±0.2

Viscosity at 95 °C for 15 min (BU) 90.0b±1.4 85.0a±1.4 84.5a±2.1 87.0ab±0.5

Viscosity at 50 °C (BU) 196.0c±2.8 181.0b±2.8 178.5a±2.1 185.0b±1.3

Viscosity at 50 °C for 15 min (BU) 196.0c±1.5 181.5b±2.1 179.5a±2.1 182.0b±2.1

Breakdown (BU)a 34.0c±2.8 27.5b±0.7 25.0a±1.41 26.0ab±0.2

Setback (BU)b 103.0c±0.0 96.0b±1.4 94.0a±0.0 93.0a±1.2

All values given are means of three determinations. Means in line with different letters are significantly different (P<0.05)

BU Brabender units
a Breakdown: peak viscosity (BU)—viscosity at 95 °C for 15 min (BU)
b Setback : viscosity at 50 °C (BU)—Viscosity at 95 °C for 15 min (BU)
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good source of natural antioxidants that may have contributed
to strict doughs (Anil 2007; Borchani et al. 2011). Compared
with the control dough, FFC addition increased significantly
(P<0.05) the QI of dough. These results can be explained by
the interaction between FFC and gluten (Chen et al. 1988).

Alveograph Analysis

The effects of FFC addition on the alveograph parameters of
wheat flour dough are shown in Table 2. Dough resistance to
deformation or tenacity (P) gives information about the han-
dling characteristics of the dough (dough’s ability to retain gas).
Likewise, the extensibility of dough (L) is an indicator of the
dough handling characteristics, particularly the capacity of
extending without breaking down. The addition of FFC always
increased dough tenacity (P) and reduced dough extensibility
(L). The increase of P values is likely due to the interaction
between fibre structure and flour protein (Wang et al. 2002) or
the bad hydratation of doughs enrichedwith fibre. The resulting
effect onP and L becomes evident in theP/L ratio value, (which
gives information about the elastic resistance and extensibility
balance of flour dough and summarizes the effect of P and L
parameters) which always showed an increase (∼3 versus 1 in
the control). This increase was not moderate and showed
significant differences among fibres from different origins.
This could be related to the different composition of the added
fibre (Table 1). Wang et al. (2002) revealed that an increase of
the P/L parameter might be caused by the high content of
cellulose present in the fibre, which promotes a strong interac-
tion among fibre and flour protein.

A statistical difference (P<0.05) was observed in Table 2
between the control and the enriched FFC dough concerningW
(the deformation energy). Indeed, all the FFC tested led to a
decrease (up to 15 %) in the deformation energy (W). Similar
results were obtained by Gómez et al. (2003) showing that the
addition of wheat fibre and cocoa fibre decreasedW by 23 and
10 %, respectively. However, other works showed that the
addition of fibres contributed to a great improvement of the
deformation energy. The influence onW depended on the fibre
sources. In fact, Wang et al. (2002) found that the addition of
fibres promotes a remarkable reduction of the proteolytic deg-
radation, being practically neutralized by inulin and carob fibre.

Figure 1 exposes the properties of gas retention within the
FFC-enriched dough that were controlled by measuring the

volume of dough during fermentation using the growth in-
dicator. The control dough revealed a faster rate than the
enriched FFC dough. This might be due to an impediment of
gas retention in the dough caused by an excessive amount of
fibre (Sangnark and Noomhorm 2004). However, the vol-
ume of control dough tended to be stable after 80 min of
fermentation, nevertheless the volumes of enriched dough
continued to increase. This might be caused by the greater
water absorption of FFC, affecting yeast action and gluten
structure during dough development.

Viscoamylograph Analysis

Brabender viscoamylograph was used to measure changes in
the viscosity of dough during heating and cooling, with
continuous stirring. During heating, the viscosity increased
with the temperature from 0 BU (at initial gelatinization
temperature) to 112.5 at 122.0 BU (at 95 °C) due to swelling
of the starch granules. This was followed by a decrease in the
viscosity caused by the rupture and fragmentation of gran-
ules after 15 min at 95 °C (Table 2). During cooling at 50 °C,
viscosity increased due to the starch molecules re-association
to form a gel. In fact, amylose molecules aggregate to form a
network with remnants of starch granules (Borchani et al.
2011). Many authors observed similar dough behavior (Anil
2007 ; Rosales-Juarez et al. 2008).

Viscoelastic properties are closely linked to gluten per-
formance while pasting/gelling profiles are strongly linked
to starch and so to flour formulation (Mahawar et al. 2012).
Table 2 shows a decrease of all dough peak viscosity when
adding FFC. Similar results were observed by Rosell et al.
(2010) showing a decrease of peak viscosity values with the
addition of apple pomace in the dough. This fact is attrib-
uted to the dilution of starch and gluten. Indeed, fibre
substitution of flour provoked a gluten dilution effect and
an interruption of starch-gluten matrix (Angioloni and
Collar 2009). Moreover, lipids content were reported to be
highly correlated with peak viscosity of starch measured by
the Brabender viscoamylograph (Kim et al. 1995). Various
lipids decrease the starch viscosity (Mahawar et al. 2012).
Lipids and phospholipids form a complex with the amylose
and long branch chains of amylopectin in the cereal
starches, resulting in the reduction of swelling and amylose
leaching inhibition.

Table 3 Effect of flesh fibre concentrate on dough yield and physical properties of breads

Dough control Flour with date fibre Flour with pear fibre Flour with apple fibre

Dough yield (g/100 g flours) 160.0a±0.4 169.0c±0.5 166.0b±0.3 170.0c±0.2

Specific volume (cm3/g) 2.9a±0.1 2.7a±0.1 2.7a±0.1 2.8a±0.1

Weight loss (%) 8.1a±0.1 8.5b±0.5 8.8b±0.1 8.7b±0.1

All values given are means of three determinations. Means in line with different letters are significantly different (P<0.05)
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In addition, gelatinization temperature of enriched dough
increased due to the techno-functional properties of fibre. In
fact, the high water-holding capacity of fibre induces a
reduction of the water availability for starch, involving an
increase in gelatinization temperature. Rosell et al. (2010)
showed that the incorporation of beet fibre into the dough
matrix induces the disruption of the viscoelastic system
leading to weaker doughs, and it greatly competes for water
with starch affecting pasting and gelling.

During heating (95 °C) and cooling (50 °C) apple FFC-
enriched dough, had the highest viscosity followed by date
and pear FFC-enriched dough. This could be due to the higher
content of pectin in apple FFC (Table 1). However no signif-
icant differences (P<0.05) among the viscosities were ob-
served. Similar results were observed by Sudha et al. (2007)
and showed the importance of pectin in gel formation.

Fibre-enriched doughs have lower breakdown, and set-
back values compared to control dough. These low values
suggest that enriched dough would have high paste stability
in mechanical processes, as it is the case with red and white
sweet potato starches (Osundahunsi et al. 2003). These are
vital aspects to consider when incorporating these FFC into a
food production process.

Effects of Flesh Fibre Concentrate on Bread Quality Evaluation

Dough Yield and Physical Properties of Breads

The effect of FFC addition on dough yield and physical
properties of breads is shown in Table 3. Compared with the
control, the addition of fibre significantly increased (P<0.05)

dough yields which is in agreement with the results obtained
by Gómez et al. (2003), Bouaziz et al. (2010) and De Escalada
et al. (2013). This trend could be explained by greater water
absorption by fibres. The increase of the dough absorption is
important from an economic point of view. Hence, the addi-
tion of FFC in bread formulation could give an interesting
value addition to date, pear and apple flesh.

Regarding specific bread volume, Table 3 shows a slight
decrease of this parameter as consequence of FFC addition.
However, the decrease was not significantly different
(P<0.05) from control and enriched breads, it is probably
due to the low quantity of added fibres (below to 3 %).
Gómez et al. (2003) revealed that the reduction of loaf volume
was more evident when the fibre addition was increased from
3 to 5 %. This means that the addition of FFC to bread
formulas did not produce an undesirable diminishing of loaf
volume. A reduction of the specific volume was previously
reported for fibre addition (Chen et al. 1988; Abdel-Kader
2000). Gómez et al. (2003) studied the effect of cellulose,
cocoa, coffee, pea, orange and wheat fibres addition up to 50
g/kg flour. They stated that the main problem of dietary fibre
addition in baking is the important reduction of loaf volume.
This effect is attributed to the interaction between fibre and
gluten and could be due to the dilution of gluten, which led to
a decrease in the gas retention capacity (Chen et al. 1988).

Dough enriched with different FFC had similar yield and
physical properties close to control breads. A significant
difference (P<0.05) was observed between control and for-
tified breads concerning breads weight loss. This might be
due to the water retention during baking and to fibre addi-
tions. Generally, the breads weight loss before and after
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cooking is in direct relation with the water loss. In fact, the
quantity of water necessary for dough hydratation depends
on the fibre addition during baking (Table 2). The increase of
water absorption with added fibre involves a higher amount
of water loss during baking enhancing bread weight loss.
Hence, breads weight loss before and after cooking was
strongly influenced by added fibre. Our results are in con-
cordance to those reported by Bouaziz et al. (2010).

Crumb Structure and External Appearance of Breads

Bread as a solid “soft” (Clark 1991), like many other food-
stuffs, consists, at a macroscopic level, of two phases: a fluid
(air) and a solid (cell wall material) (Scanlon and Zghal 2001).
Observation of control bread crumb cross-section (Fig. 2),
showed that the solid phase was entirely connected and the
air cells were isolated. The volume fraction of the phases and
the nature of their connectivity determine the structure, and
consequently the mechanical properties of the bread (Scanlon

and Zghal 2001). Therefore, processing conditions and raw
materials determine the structure of the bread. Indeed, in Fig. 2
a variation can be seen in the distribution of the air cells
between the control bread and the fibres-enriched breads.
The latter exhibited a number of non-uniformlarge gas cells,
affecting the uniformity of the crumb structure, and subse-
quently the bread quality. So, there are more cells of larger
diameter in fibre bread crumb than in the crumb of control
breads. According to Correa et al. (2012), alveolus stabiliza-
tion depends primarily on gluten–starch matrix and in a sec-
ond instance on the liquid lamella that is surrounding the cell.
So, a possible explanation for the increased size of alveolus in
the presence of fibre could be related to the viscosity decrease
of these lamellae and the destabilization of the gluten starch
matrix. However, no significant difference was observed be-
tween crumb structures of enriched breads.

External appearance of enriched bread is also similar to that
of the control. Close results were obtained by Sabanis et al.
(2009), Bouaziz et al. (2010) and Farrera-Rebollo et al. (2012).

Fig. 2 Effect of flesh fibre concentrate on external appearance and internal structure of breads: control (a), date fibre (b), pear fibre (c) and apple fibre (d)

Table 4 Color values of breads control and supplemented with flesh fibre concentrate

Crust color Crumb color

L* a* b* ΔE* L* a* b* ΔE*

Control 53.07a±0.70 17.59c±2.13 34.77b±3.83 0 74.19c±0.88 1.96a±0.09 22.28c±0.20 0

Date fibre 52.20a±1.20 10.50b±1.10 28.15b±1.30 8.14a± 0.18 59.10b±1.12 3.16b±0.08 16.49b±0.25 16.20a±1.20

Pear fibre 54.39a±1.85 11.01b±0.84 29.28b±0.63 8.67a± 0.50 60.52b±0.91 3.58b±0.01 17.49b±0.18 14.57a±0.50

Apple fibre 61.25b±0.85 6.15a±0.20 26.65a±0.75 10.23b± 0.20 56.78a±0.81 5.42c±0.30 12.70a±0.42 20.17b±1.50

ΔE* color difference; L*, a*, b* CIELAB coordinates

All values given are means of three determinations. Means in column with different letters are significantly different (P<0.05)
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Crust and Crumb Color

The effects of FFC addition on the bread color are summarized
in Table 4. The color of bread crust is an important parameter to
determine its acceptability (Gómez et al. 2003; Rosales-Juarez
et al. 2008). Shittu et al. (2008) reported that the crust color of
bread depends on various factors such as the dough formulation
(i.e. type of flour, type and quantity of ingredient used), baking
temperature and time. The color difference, ΔE* (taking the
control bread as reference) showed the influence of fibre addi-
tions on the breads color. Statistical analysis did not show a
significant difference between the crust of the control bread and
the date and pear FFC supplemented breads, probably induced

by a low quantity of added fibres (2%). Gómez et al. (2003) did
not find any significant differences between the crust of the
control bread and the crust of 2 % fibre (cellulose, pea, orange,
wheat) supplemented bread. However, Fig. 2 shows that the
crust of the breads enriched with date fibre had a darker color
characterized by a low lightness (L*; Table 4). This fact could
be due to the original color of date fibre. In fact, the original
color of fibre can have some influence on the bread crust color,
this is mainly associated to Maillard and caramelization re-
actions (Shittu et al. 2008)”.

In terms of crumb color, Table 4 shows a more important
color variation (ΔE*) than for the crust. Besides, addition of
fibre significantly increased crumb a* values and significantly

0

5

10

15

20

25

30

35

0 1 2 3

H
ar

d
n

es
s 

(N
)

Time (day)

0

1

2

3

4

5

6

7

8

0 1 2 3

H
ar

d
n

es
s 

(N
)

Time (day)

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 1 2 3

E
la

st
ic

it
y 

Time (day)

a

b

c

Fig. 3 Effect of flesh fibre
concentrate supplementation on
crust hardness (a), crumb
hardness (b) and elasticity (c)
during storage: control (black
diamond), date fibre (empty
square), pear fibre (black
triangle) and apple fibre
(multiplication sign)

1124 Food Bioprocess Technol (2014) 7:1114–1127



decreased b* and L* values (P<0.05). This difference was
essentially related to the low lightness, L* in comparison with
the control, as consequence of its darker color. The original
color of ingredients can have some influence on the bread
crumb. Gómez et al. (2003)) showed that bread crumb color is
usually similar to the color of the ingredients because the
crumb does not reach as high a temperature as the crust.

Crumb and Crust Texture

The effects of FFC supplementation on bread textures during
storage are shown in Fig. 3a, b, c. During storage (from days
0 to 3), all breads showed an increase in hardness. Indeed, the
crust hardness increased from 8.0 to ∼26.5 N for the control
and the FFC containing breads (Fig. 3a). Crust hardness was
not significantly different between FFC-enriched breads and
control. This could be due to the lower (2 %) added fibre
level and the origin of fibre. Amylose recrystallization plays
an important role in the initial bread hardness and in the first
stages of aging, because the formation of the amylose net-
work induces bread hardening (Barcenas and Rosell 2006).

Figure 3b, c show the evolution of crumb hardness and
elasticity of control and FFC-enriched breads during the stor-
age. No significant difference was observed between FFC
supplemented breads and the control regarding the crumb
hardness and elasticity, for all fibres. Regarding the staling,
breads showed a significant (P<0.05) increase in crumb hard-
ness during storage. The most notable difference in hardening
was observed after 1 day of storage for all formulations. This
effect, observed by many other authors (He and Hoseney
1990; Martin et al. 1991; Gómez et al. 2003; Hug-Iten et al.
2003), is due to the amylopectin recrystallization, the forma-
tion of complexes between starch and proteins, and the water
redistribution among the bread constituents. Regarding elas-
ticity, Fig. 3c reveals a slight decrease of this parameter during
storage for both control and enriched breads, which confirms
our previously results.

Conclusion

On the basis of obtained results, cooked fruit by-products are
an excellent source of fibres (more than 70 %) which makes
them a great potential ingredient for food applications, espe-
cially in improving dough performance. Indeed, the addition
for FFC had pronounced effects on dough properties yielding;
higher water absorption, stability, tenacity, and smaller exten-
sibility, softening, breakdown and setback compared to the
control dough (without fibre addition). Apple FFC-enriched
dough had the best viscoelastic properties compared to the
date or pear FFC-enriched dough.

The bread enriched with FFC had similar characteristics
with the white wheat bread, since no significant differences

were found on the specific volume of breads and on the
crumb and crust texture. However, a slight difference on
the breads crust and crumb color was observed compared
to the control bread color. Moreover, slight differences were
found between enriched bread with fibres from different
origin (pear, apple and date).

These studies have shown the potential of developing
fibre-rich breads in order to increase the added value of
cooked fruit by-product. Therefore, FFC from cooked fruits
by-products could be introduced in many other bakery (e.g.
cereal bar, biscuit) or dairy (e.g. yogurt) products.
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