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Résumeé

The main purpose of this work is to design breaitls improved nutritional properties without modifig
their acceptability. Thén vitro glycemic index (IG) of breads, with various contenf wheat dietary
fibres (DF) and different densities, was determitgda-amylolysis and correlated ta vivo clinical
measurements. Their texture has been assessed Itiynaentation and image analysis, in order to be
able to compare their mechanical properties andstelcture features to sensory criteria. All résul
underlined the significance of bread density, wixateéhe composition and processing of breads. Adter
survey of professional practices to collect the iimw of breadmaking and determine the most
important unit operations, the study at labscalstafctural modifications during processing hasufmsd

on two main operations: dough proofing and makipgAidecrease of dough stability due to DF addition
was evidenced by the follow-up of bread dough prapby image analysis. This result was attributed t
the increase of dough viscosity when adding fibessmeasured by creep-recovery tests on controlled
stress rheometer. These results allowed to sughestnecessary modifications to the process by
increasing water addition and decreasing proofimg twhen incorporating fibres.

Mots-clés :bread, dietary fibres, professional practices, idgg texture.

1. Introduction

The French National Plan for Health & Nutrition (RN) recommends the increase of foods containing
starch and dietary fibres (DF), spurring the additof wheat fibres in order to decrease the glycemi
index (IG) of French bread. Dietary fibres are thenants of the edible part of plants, which are no
digested and absorbed in the upper human inteskimey are mainly composed of plant cell walls, for
instance in the different tissues of the wheatmgraind their variable structural features affeairth
properties and technological role (Saulreeial.,2007). Because of this variety and in spite oflige
amount of literature describing the effect of fibiea breadmaking, there is no evidence of its éffec
IG, whereas the influence of the process mightigeificant (Rizkallaet al, 2006). From a sensorial
point of view, the addition of fibres in currentefich bread results in a loss of crispiness of thstcan
increase of density, a granular mouth feeling andag crumb. All these drawbacks may limit
consumer’s acceptability (Martiet al, 2008). Hence, two main issues challenge the atlaptof the
breadmaking chain to the addition of fibres: fifstproving our knowledge on the modification of \ahe
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flour dough and bread properties and secondlyexafg the necessary changes to craftsmen’s practice
at different processing steps, since this actigtgot mainly achieved at industrial scale. In thispose,
this work, developed in the frame of various ANRojpcts, combines experimental approach and
knowledge representation in order to integrate th@cess-structure-property relationships of
breadmaking from the molecular to macroscopic scale

2. Material and methods

2.1 Collecting knowledge on breadmaking practices

Professional practices of craftsmen were collebied survey carried out on 69 bakers working orhbot
current and traditional baking processes, haviggad ability to manage the process, and locateoveit
France, to avoid any bias with regional practic@be questionnaire was designed together with éxper
on the basis of the succession of operations peapbg Roussel and Chiron (2002): mixing, firstrgi
dividing, rounding (making-up), relaxation, shapiral proofing, scoring and baking. Because we
already knew this standard process, we could aeridsed questionnaire, in order to spare timenh5
for answering), given the working load of the baker

2.2 Formulation at pilot scale: ingredients and bradmaking process follow-up

Flour (Protein 12%) Brasseuil T65 type was a giftri Moulins Giraudeau (44), it contained 12% water
(total basis). It was mixed with 66% water (weigkgight flour) in mixer with oblique arm (Mahot) for
12 mn at 80rpm to obtain 3 kg dough. Necessarysaugnts were made to yeast content in order to
modify density. 7.5% wheat fibres (fine bran, nayntdhorts”) were incorporated in order to get a ash
level equivalent to a T80 type flour. To obtain ddein the format “baguette”, two processes were
applied: current French bread (PCF) and traditi¢mehch bread (PTF), the latter mainly having lange
proofing times. The target specifications and progg are recalled in table 1.

Table 1: Target characteristics and properties ofddl “baguettes”and symbols used in figures.

Sample # Symbol Type & composition Density MaingedrFeatures

1 O PCF 0.18 « Blank » high Gl

2 | PCF+fibres 0.20 Regular crumb grain T80

3 O PCF « dense » >0.3 High density, regular crumingrai

4 (@) PTF 0.25 Irregular crumb grain

5 [ PTF+fibres 0.25 Irregular crumb grain T80

6 [ ) PTF+ modified fibres 0.25 Id.

7 [ PTF+fibres « dense » 0.35 High density, irregutamtb grain T80
8 (@) Sourdough bread 0.35 High density, irregular crgmain

During proofing, the section and shape of doughewsmtinuously measured by camera video (every
5mn) and image analysis in order to determine thwuéion of dough porosity, assuming cylindrical
symmetry, and dough stability, defined by the rdt@mght/maximum width (H/L). Breads (baguettes)
were baked in a Bongard traditional electric dea&ro(V=200L, P=21kW) at 250°C for 26 mn.

2.3 Study at labscale: structural and texture analges

For a-amylolysis, bread pieces.25cn) are stirred within flaks containing 150mL waterda.01ug
amylase (ref 1.163.12, Merck) /mg starch in phospbaffer to reach pH7, at 37°C. 2mL of suspension
are removed every hour for the first seven hourd #wen at 24 and 28h; hydrolysis products (oses,
oligosaccharides) are measured after centrifugaimmording to the procedure detailed by Tollier and
Robin (1979). All measurements were triplicate@diag to a relative uncertainty <5%. Initial velkyci
and starch easily degradable fraction are detedréfier fitting amylolysis curve according to a pde

1% order kinetic model, in order to be compared ults fromin vivo clinical assays (Rizkallat al,
2005). Thermal and mechanical analyses of dougte werformed by DSC and DMA as described in
detail by Chevallieret al. (2000) in order to assess starch gelatinizatiah glaten aggregation under
conditions as close as possible of baking processatifig ratex5°C/mn). The shear behaviour of
unleavened doughs was studied by adapting creewesc tests on plane/plane shear rheometer
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according to Rouilleet al. (2005). Crumb grain (texture) was assessed bynsogr(800dpi) about 10
slices x 3 baguettes per sample; the images wetgsanl, using Aphelion and MatLab softwares, and,
following canonical analysis, similarity maps wehewn to compare crumb grain, detailed procedures
being adapted from Lassouest al. (2007). Overall mechanical properties of bagugtieces are
determined by multi-indentation test early set-gpaissess crust crispness and crumb firmness by
applying a compression/relaxation test with 10 @oa2ljustable pins, from force-displacement curve as
described in details by Chaunigtral. (2008).

3. Results and discussion

3.1 Nutritional properties : glycemic indices and g&rch modifications

Like for heat moisture treated starchy products, kinetics of amylolysis of breads were comprised
between those of native starch (low accessibilityenzyme) and extruded starch (easily accessible)
(Fig.1a). Although significantly different, thesimilar shape allowed them to be fitted by the ¢iqua

(% hydrolysis) = a . Log (1+ t/b) Q)

t (h) being the time of hydrolysis, and the initi@locity VO = a/bcan be used to compare with values of
in vivo glycemic index (Fig.1b).

@) (b)

100 25

9hydrolys Vo(h-1)

50 55 60 65 70 75 80

Figure 1 : Results of kinetics of amylolysis foy lfaeads without (1,4: O,0) and with fibres (2, 5 ®,®) and their
fit (dotted= without, full=with fibreywith eq.(1) and (b) comparison of initial hydrolysis velocity, With in vivo
IG (full legend in Table 1).

Given the error values, comparison between kinetiesvs that bread glycemic index does not depend
first on the DF content but that is rather influeddy the breadmaking process, since all traditipna
processed breads have lower IG (<60%) apdalues (<12H). Results from amylolysis, namelyMare

just fairly correlated wittin vivo IG results. This is not surprising, since humagediion involves more
phenomena including mastication and gastric emgtyivat even more sophisticatau vitro methods
(Englystet al, 1999) do not address, but at least, amylolyisiesga first mean of screening and relating
nutritional properties to starch structural modifions. Regarding these latter, DSC results shadtggdn

the crumb, starch was completely gelatinized wieiiaathe crust, the presence of fibres might have
reduced this modification. The first result may doglained because the curve of moisture/temperature
within bread (in the crumb) during baking (Wagneale, 2007) early crosses the melting curve afcéta
conversely, the uncertainty on the variations ofigerature and moisture at bread surface (crustjslim
the interpretation of the role of fibres during ek

3.2 Bread texture: mechanical properties and crumlappearance

The acquisition and analysis of images from breadssections allow to draw a similarity map of the
crumb grain, or visual appearance, where the ellipgpresent the variability along the baguettés (F
2a). When not overlapping, their location suggésis the main effect of process is that traditidmalad
has a coarser cellular structure with larger vatlscthan current one and that fibres additionéases
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crumb homogeneity and density. However, resultirgnf multi-indentation measurements, apparent
modulus E (Pa) and residual stregqPa), likely accounting for crust and crumb medtanproperties
respectively, are well correlated (Fig. 2b). Thasult suggests that neither the process nor théaddf
fibres modify the texture contrast of “baguettes”.

€Y (b)

5,E+05

3 » Effet « fibres »

4,E+05

4,E+05 [

|

3,E+0

Composante Principale 2 (37%)

3,E+0!

ResStress {Pa)

Alvéoles +fines

2 E+05 E(Pa)

1,E+06 2,E+06 3,E+06 4,E+06 5,E+06

3
-4 -3 -2 4

o 1
Composante Principale 1 {57 %)

Figure 2 Texture of baguettes defined by (a) similarity map of baguette crumbs and density @n)d
the variations of their mechanical gticruml properties(same legend as Fig.1)

When compared with the results obtained in studyiogsumer’s acceptance (Martin et al., 2008), the
addition of fibres to traditionally processed braady seem a good opportunity to cope with sensory
requirements.

3.3 Integration of practical knowledge in processes
The results of the survey on bakers’ professioraktices underline the significance of two main
operations, on which rely the variability of thepesses of breadmaking: proofing and dough makmng-u

Flour dough

Relaxed dough

Dough-making

Mixed dough

Firstrising

Divided dough

Ingredients - flour, water,
salt, yeast and additives
Bread making

Fermented dough

Calibrating
Light
elongation
Calibrated loave

Relaxation
Relaxed loave

Dough make-up

Shaped loaves

Ready to bake loaves

Figure.3: Flow sheet of the unit operations of bneadking process after crossing with the resulthiefdurvey.
Ellipses are unit operations and rectangles definegh states.
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Actually, these two operations may not be conducteder a wide range of conditions but the different
sequences in which they can follow each otheeckfihe craftsmen’ expertise. As represented ir3Fig
this diversity allows to complete the diagram eattpawn by Roussel and Chiron (2002). Conversely,
mixing may involve a wide range of operating coiutis and equipments but only occurs once, as a
starting operation. The main mechanisms of chang#ough structural features occurring during these
operations are linked to dough fermentation andrmedtion, and they are empirically assessed by the
craftsmen using various sensory criteria hamed:eld@wment, stability and consistency, toughness,
smoothness, respectively. Therefore, a close atemtas devoted to these phenomena in order tterela
sensory criteria to physical variables measuréddtstcale.

3.4 Dough behaviour

From the follow-up of dough development during fentation, no significant influence of fibres adaiti
was found for the evolution of porosity. The evadatof this property followed a classical sigmoighe
(Romanoet al, 2007), with an inflection point close to (30mr%) in both cases, with and without
fibres. However, they did not display the sameibtgbas shown by the curves H/L(t) and the imnagé
dough at the end of proofing (Fig. 4a). In mostesaghese curves can be well fitte@>(r.95) by an
exponential decay, for time valug®0 mn:

H/L(t) = [(H/L) o — (H/L).]. exp (-t/t) + (H/L) (2)

in which (H/Ly and (H/L), feature the initial and long term values of stipilresp., and.tthe stability
characteristic time.

(@) (b)
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Figure 4: curves of behavior (a) of stability andages during proofing and (b) of flow under shear (visitp vs
shear rate) for doughs wit®) and without Q) fibres.

The flow curves of the dough could be fitted by Bess model (Fig.4b), inserted in the graph. The
increase of viscosity due the addition of fibresaimty at lower shear rate valuelQ“*s'), may be
attributed to a reinforcement of the dough duehtoaddition of solid particles or to the decredseater
in the viscoelastic gluten network (Rouillé et 2005). It may be the cause of the loss of staghilftthe
fibres-enriched dough by precluding upwards bubbiggation or by destabilizing the interface betwee
gas bubbles. These phenomena control the acquisiticellular structure, and crumb texture. Finafityr
higher shear rate values, the viscosity differeisckess significant but suggests that higher meichan
power is required during mixing and making-up.

4. Conclusion: process recommendations and prospsct

Taking into account these results as well as opesise in breadmaking reflected in Fig.3, it iggested
that when incorporating fibres, (1) the level ofdstion of the dough is slightly increased (+3%alot
weight) in order to decrease dough viscosity, a)dtlje total proofing time is decreased (-15mn) to
reduce the loss of stability. As expected, the eqasnce is that the density of dough before bakingd,
hence, its final value, is increased. The resulbirends well illustrate this trend (Fig.5a), bue thfluence

of breadmaking process is also significant. Thiséase of density is particularly important aermss to
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govern texture, by increasing modulus, in a similay as Gibson-Ashby’s model allows to predict the
mechanical properties of cellular solids (Zghal @chnlon, 2001). The role of density is as much
important as its increase leads to a decrease wfo glycemic index (Fig.5b). This increase of density
may be explained either by a limited starch destination caused by a decrease of thermal flow withi
dough during baking, in agreement with Wagner e24l07), or by a reduced bread fragmentation durin
chewing, which further hinders the accessibilityeteyme during digestion (Zghal and Scanlon, 2001).
(a) (b)

T 30

70 FoSG

60

IG in vivo

Densit i
1E+06 en }’ 40 Density

0,10 1,00 0,15 0,20 0,25 0,30 0,35

Figure 5: Variations with density of (a) crust/crbmapparent modulus (dotted line = Gibson-Ashby’s power
law) and (b) in vivo IC (same legend as Fig.1).

As DF addition is thought to affect the structuchbnges during baking (starch gelatinization, glute
aggregation ...), there is a need to elucidate tiledetween bread density and 1G. Conversely, duis to
interest for nutritional purposes, most results rhaytransferred as guidelines for incorporatingatie
fibres in breadmaking.
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