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Abstract

The effects of adding wheat and oat bran, at different levels and milled to varying 
particle size ranges, to dough formulations were investigated, with respect to aeration 
and dough development during mixing, expansion during proving and fi nal baked loaf 
characteristics. Addition of bran reduced the density of the dough at the end of mixing, 
largely because of the increased water absorption, with bran particle size having little 
effect on dough density. Wheat bran substituted for fl our at 7.5% increased the capacity 
of the doughs to expand during proving, but despite this the baked loaf volumes were 
lower, and even lower at 15%. Grinding the wheat bran had little effect on optimum 
work input, water absorption and expansion during proving, but gave slightly lower loaf 
volumes and a fi ner crumb texture. The low correlation between proving expansion and 
baked loaf volume suggested that the effects of the wheat bran in bread formulations 
occurred during baking. By contrast, adding oat bran reduced both the maximum 
expansion capacity of the dough during proving and the baked loaf volume, suggesting 
that the oat bran exerted its effects largely during proving. Grinding the oat bran gave 
lower optimum work inputs and higher water absorptions, and reduced both proving 
expansion and baked loaf volumes.

Keywords: Bread dough; wheat bran; oat bran; mixing; proving; proof; baking; aeration; dynamic 
dough density, particle size, work input, water absorption

1. Introduction

A major goal of nutritionists, dieticians and policy makers is to encourage greater consump-
tion of dietary fibre. van der Kamp (2003), reporting on the Dietary Fibre 2003 conference, notes 
that it is still generally agreed that intakes of fibre and fibre-containing foods are well below recom-
mended levels in Western countries, and advises that “the development of products that are attrac-
tive to consumers and underpinning research to this end is a key element in efforts to increase the 
intake of dietary fibre”. Cereal brans are a major category of dietary fibre and one that is particularly 
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beneficial in promoting gut health and avoiding a range of diseases (Mongeau and Brassard, 1982; 
Ferguson and Harris, 1997; Zhang and Moore, 1999; Cho et al., 2004). A major field of research is 
therefore centred around the incorporation of cereal brans into cereal-based and other food prod-
ucts, in forms that are attractive to consumers, as the basis for encouraging healthy diets. However, 
cereal-based foods frequently derive their appeal from an aerated structure (Campbell, 2003), and 
bran is generally detrimental to the creation of aerated structures in these products. Understand-
ing how bran interacts with bubbles in cereal-based foods is therefore fundamental to the effective 
development of healthy, fibre-rich versions.

The majority of the research activity in this area has focussed around bread, although as bread 
is highly aerated it is possibly not the ideal vehicle for delivering bran into the diet; several workers 
have therefore studied the incorporation of bran into less aerated products including cakes, biscuits, 
muffins, breakfast cereals, snack foods, flat breads and pizza (Pomeranz, 1977; Chen et al., 1988; 
Sosulski and Wu, 1988; Basman and Köksel, 1999; Pacheco de Delahaye et al., 2005). The effects 
of bran in bread (and to a lesser extent in these other products) are well established (with the details 
and extent of effects dependent on the type and level of bran incorporation): increased dough water 
absorption and loaf weight, decreased dough strength, increased dough stickiness, decreased mix-
ing and fermentation tolerances, reduced loaf volume and specific volume, coarser crumb texture, 
darker crumb colour and reduced crumb softness (Shetlar and Lyman, 1944; Lorenz, 1976; Pomer-
anz et al., 1977; Pomeranz, 1977; Dubois, 1978; Shogren et al., 1981; Dreese and Hoseney, 1982; 
Rogers and Hoseney, 1982; Collins, 1983; Wootton and Sham-Ud-Din, 1986; Lai et al., 1989a-c; 
Gan et al., 1989, 1992, 1995; Rao and Rao, 1991; Zhang and Moore, 1997, 1999; Nelles et al., 
1998; de Kock et al., 1999). Numerous sources of fibre have been studied in bread formulations, 
with wheat bran the most prevalent, followed by studies of oat bran. Generally, at equal levels of 
addition oat bran gives higher water absorption, stickier doughs and lower baked loaf volumes than 
wheat bran, but taste panellists tend to prefer the oat bran bread (D’Appolonia and Youngs, 1978; 
Krishnan et al., 1987; Sosulski and Wu, 1988). White wheat yields whole grain bread products that 
are more acceptable to consumers than those made from red wheat (Marquart et al., 2006). Bran 
from different wheat cultivars may produce bran with inherently less detrimental properties (Nelles 
et al., 1998; de Kock et al., 1999).

Addition of bran to bread dough formulations generally increases the level of water required; 
this additional water is retained by the loaf during baking, giving a heavier loaf and a lower specific 
volume (Dreese and Hoseney, 1982; Rao and Rao, 1991). Dreese and Hoseney (1982) and Rogers 
and Hoseney (1982), based on measurement of dough height during baking in an electrical resis-
tance oven, argued that this water is also available for starch gelatinisation during baking, thereby 
lowering the starch gelatinisation temperature and, as a result, the extent of gas retention during 
baking (oven spring) and thereby the final loaf volume. This mechanism, if predominant, would 
imply that ultimately the effect of bran on gas retention is principally during baking, rather than 
earlier in the breadmaking process.

In addition, several workers have conceived bran to have a mechanical effect that physically 
disrupts gluten films, either during their formation in the mixer or, more probably, when they are 
stretched into thin films during the later stages of proving and early stages of baking (Shetlar and 
Lyman, 1944; Pomeranz et al., 1977; Dubois, 1978; Wootton and Sham-Ud-Din, 1986; Gan et al., 
1989, 1992; Zhang and Moore, 1997). This postulation led Shetlar and Lyman (1944) to propose 
fine grinding of the bran to minimise this mechanical effect. This strategy proved effective, although 
possibly for reasons in addition to the mechanical effectiveness of the smaller particles, such as their 
increased rate of hydration (Lai et al., 1989a). Gan et al. (1989, 1992) reported that pearling wheat 
kernels prior to milling improved the breadmaking performance of the resulting wholemeal flour, 
and identified epicarp hairs (which are preferentially removed by pearling) as being particularly 
deleterious to the mechanical integrity of the gluten films supporting the aerated loaf structure, con-
cluding that this was due to a physical rupture, rather than a biochemical, mechanism. de Kock et al. 
(1999) considered the deleterious effects of bran in bread to have both physical and chemical causes.
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It is perhaps implicitly assumed in many studies that bran damages the aerated structure when 
the expanded dough is at its most fragile, i.e. during the later stages of proving and early stages of 
baking. However the hypothesis that bran has effects on the gas phase during mixing or proving 
that directly contribute to the creation of the coarser crumb structure of bran-enriched breads has 
not been considered previously. It is widely believed that in no-time breadmaking processes the 
aerated structure created in the mixer directly affects the final baked loaf texture (Chamberlain and 
Collins, 1979; Cauvain et al., 1999; Campbell, 2003); it is conceivable that bran could affect the 
initial air content and bubble size distribution and therefore affect baked loaf texture at least in part 
via this mechanism. Similarly, the growth of these bubbles depends on the mass transfer dynamics 
of CO2 diffusion into the nitrogen nuclei initially created. This depends on the solubility and dif-
fusivity of CO2 in the liquid dough phase, as well as the initial bubble size distribution (Shah et al., 
1998; Chiotellis and Campbell, 2003a,b). Bran in the formulation could conceivably affect these 
and thereby slow bubble growth during proving, such that more of the CO2 produced by the yeast is 
lost from the dough surface, giving less expansion and smaller loaf volumes.

The objective of the following work was therefore to investigate at which point during the 
breadmaking process (mixing, proving or baking) the addition of wheat or oat bran had its effect 
on the bubbles, as a basis for an interpretation of the effects of bran from the perspective of the gas 
bubble dynamics throughout breadmaking. In addition, more information on the effects of bran 
level and particle size in a no-time mechanical dough development system was sought.

2. Materials and Methods
2.1.  Bran preparation

Commercial wheat bran (Flemings Bran Flakes, Champion Flour Mills, Christchurch, New 
Zealand) and oat bran (Harraways Oat Bran, Harraway and Sons Ltd., Dunedin, New Zealand) 
were purchased locally. The wheat bran had a nominal average dietary fibre content of 44% (37% 
insoluble and 7% soluble), while that for the oat bran was only 12.7%, and it was clear that the oat 
bran also contained a large proportion of oat flour. Oat bran is less easily defined than wheat bran 
because the starchy endosperm flour does not detach from the outer tissue layers so easily (Doe-
hlert and Moore, 1997; Wood, 1997). In an attempt to increase the fibre content of the oat bran, 
250 g samples were sieved over a 500 μm mesh screen for five minutes using a Simon rotary sifter 
(Henry Simon Ltd., Stockport, UK), with the material retained on the screen used in subsequent tri-
als. Ash analysis of the original bran and of the throughs and overtails after sifting was performed 
in duplicate to confirm that sifting had increased the bran content of the retained material (AACC, 
1995, Method 08-01).  The oat bran had a median particle size, x50, of 1050 μm prior to sifting, with 
24.8% of the material smaller than 500 μm. Sifting the bran over 500 μm for 5 minutes removed 
18.8% of the total material, an efficiency of 76%, and increased its median particle size to 1200 μm. 
The ash content of the original bran was determined to be 1.83%, and of the resulting throughs and 
overtails was 0.96 and 2.03%, respectively, indicating that the sifting strategy had removed mainly 
oat flour and had slightly increased the bran content of the remaining material.

Following the recommendations of Zhang and Moore (1997, 1999), identical bran samples 
were milled to obtain different size fractions of comparable composition. For the wheat bran, 
30 g samples were milled for 0, 5, 10 and 30 seconds in a Bosch domestic coffee grinder. For the 
oat bran with the <500 μm material removed, 40 g samples were milled for 0, 5 and 30 s. The 
particle size distribution of the milled fractions was determined by sieve analysis using the Simon 
rotary sifter with Endecott sieves of aperture sizes 1700, 1000, 750, 500, 250 and 125 μm. Although 
not formally measured, the bulk density of the oat bran was clearly much greater than (over three 
times) that of the wheat bran. Milling the wheat bran increased its bulk density, while milling 
the oat bran decreased its bulk density, such that after 30 s milling both brans had similar bulk 
densities.
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2.2.  Dough preparation, baking and dynamic dough density measurements

Doughs based on 125 g of (flour + bran) were mixed in the MDD125 mixer as described in 
Chapter 32 (Campbell et al., 2008a). Wheat bran fractions milled to different average particle sizes 
were substituted for flour at levels of 7.5 and 15%, while the less bran-rich oat bran fractions milled 
to different average particle sizes were substituted for flour at higher levels of 10, 20 and 30%. The 
optimum work input requirement and water absorption were determined for each bran size and 
level based on the measured torque during mixing, according to Crop and Food’s in-house method 
B7. For baking trials the entire dough was recovered from the mixer and baked as described in 
Chapter 32 (Campbell et al., 2008a). Duplicate loaves were prepared for each formulation (except 
for the loaves containing oat bran at 30%, for which only a single loaf was prepared for each size 
fraction). Arbitrary loaf volume was calculated as (volume in cm3 − 540)/18. Texture was evaluated 
on a 1-11 scale by an experienced baker, and baking score calculated as the sum of the texture score 
and the arbitrary loaf volume, as described in Chapter 32. For dynamic dough density measure-
ments, doughs were mixed with double the normal yeast level (i.e. 6% on flour weight instead of 
3%, to increase the speed of the test) and with 1% less water than the optimum, to facilitate sample 
retrieval and handling. Immediately after mixing, the dough piece was gently sheeted, using a roll-
ing pin and some rectangular Perspex rods, to a thickness of 12 mm. From this a sample was taken 
using a 21 mm diameter metal cookie cutter, and gently swirled in a spherical flask to strengthen 
the outer surface (Campbell et al., 2008a). The sample was then tested using the dynamic dough 
density (DDD) approach described previously (Campbell et al., 2001; Chiotellis and Campbell, 
2003b; Campbell et al., 2008a). Two DDD systems were used as described by Campbell et al. 
(2008a). For each trial, doughs were mixed in a random order and processed alternately through the 
two systems, then duplicate doughs were mixed in the reverse random order and again processed 
alternately, such that each dough treatment was evaluated using both DDD systems, to avoid any 
systematic error arising from differences between the two systems. In addition, doughs were mixed 
without yeast and the density measured, to indicate the effect of bran source, level and particle size 
on the aeration of the doughs during mixing.

3. Results and Discussion

In the following discussion, it is recognised that the differences between wheat and oat bran 
are substantial and diverse, oat bran containing more endosperm than wheat bran (as noted above), 
being richer in β-glucans and lipids, and differing from wheat bran in terms of composition and 
thermo-mechanical properties in more or less every respect. The intention of the following work is 
not to attempt to explain the differences in behaviour of the particular wheat and oat bran samples 
used in the current study, nor to imply that these particular samples are necessarily representative 
of all wheat or all oat bran samples (although the findings are broadly consistent with comparable 
studies). The purpose is, rather, to use these starkly contrasting but generally well studied bran 
types to demonstrate that in a general sense bran interacts with bubbles throughout the breadmaking 
process, and that the details of the interaction depend on the source and nature of the bran.

3.1.  Effects of bran level and particle size on work input and water absorption 
during mixing

Figure 1 shows the cumulative particle size distributions of wheat and oat bran samples milled 
for different times in the coffee grinder. Clearly, particle size decreased significantly even with short 
milling times. The particle size below which 50% of the material fell (the mass-based median, x50) 
was determined by linear interpolation to be 1570, 940, 740 and 520 μm for the wheat bran samples 
milled for 0, 5, 10 and 30 s, respectively, and 1200, 540 and 230 μm for the oat bran samples milled 
for 0, 5 and 30 s, respectively.
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Doughs were prepared containing wheat bran substituted for flour at levels of 7.5 or 15%, or 
oat bran at levels of 10, 20 or 30%, along with control doughs with no bran. Table 1 lists the opti-
mum work inputs and water absorptions measured for the various dough formulations. Each result 
is based on two or three replicate measurements, except the oat bran milled for 30 s, for which the 
data are from a single determination. Based on long experience with these mixers, differences of 
greater than 1 Wh/kg or 1% water absorption are considered significant. The work input and water 
absorption of the original flour were 12.9 Wh/kg and 61.5%, respectively. The addition of wheat 
bran at 7.5% reduced the optimum work input to an average of 11.1 Wh/kg, and increased the water 
absorption to 65.7%. Addition of wheat bran at 15% gave essentially the same optimum work input 

Figure 1. Cumulative particle size distributions from (a) wheat bran and (b) oat bran milled in a 
coffee grinder for different times.
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(11.3 Wh/kg), and further increased the water absorption to an average of 69.5%. At both levels par-
ticle size had only a weak effect, consistent with Zhang and Moore (1997) and with Lorenz’s (1976) 
finding for triticale bran. By contrast, the effect of the addition of oat bran depended strongly on 
the particle size. As with the wheat bran, oat bran reduced the optimum work input and increased 
the water absorption, with the magnitude of the effect increasing with the level of bran addition. 
However, smaller oat particles gave much larger effects. The observations of Cadden (1987, 1988) 
regarding the different responses of wheat and oat bran to milling are consistent with these observa-
tions; the increased surface area of the oat bran following milling allows more rapid uptake of water 
during the short mixing time, while for the wheat bran this is offset by the destruction of water-
retaining structures in the bran. The effects on water absorption found in the current work also 
agree with those of Krishnan et al. (1987).

3.2.  Effects of bran level and particle size on aeration during mixing

Figure 2 shows the densities of unyeasted doughs containing wheat or oat bran of different 
sizes and at different levels. (Throughout this paper error bars, where shown, are ±1 standard devia-
tion of the mean, based on a pooled standard deviation. In this figure example error bars are shown 
for one data set only, to maintain clarity of the figure.) (The doughs containing wheat bran were 
mixed to the same work input of 11.2 Wh/kg (the average of the results reported in Table 1) for all 
the size fractions, and to water absorptions of 64.7 and 68.4%, 1% less than the average of the val-
ues reported in Table 1, in order to facilitate sample retrieval and handling. The doughs containing 
oat bran were mixed to the optimum work inputs indicated in Table 1 for each level and particle 
size, and with 1% less water than indicated.) Clearly addition of bran reduced the density of the 
doughs. For the wheat bran, addition at 7.5% reduced the density from 1.135 g/cm3 for the dough 
with no bran to an average value of 1.121 g/cm3, and addition at 15% decreased the density further, 
to an average value of 1.105 g/cm3; however, particle size had little effect. For the oat bran, all lev-

Table 1. Optimum work inputs and water absorptions measured for dough formulations containing wheat and 
oat bran.

                                    Work Input (Wh/kg)

Wheat Bran Oat Bran

No bran
Milling 
time (s)

Particle 
size (µm) 7.5% 15%

Particle 
size (µm) 10% 20% 30%

12.9   0 1570 12.2 11.8 1200 11.95 9.90 8.40

  5   940 10.8 11.4   540 10.65 9.00 7.60

10   740 10.8 11.3  − − − −

30   520 10.8 10.7   230   9.15 8.25 6.50

                                       Water Absorption (%)

Wheat Bran Oat Bran

No bran
Milling 
time (s)

Particle 
size (µm) 7.5% 15%

Particle 
size (µm) 10% 20% 30%

61.5   0 1570 65.4 69.9 1200 62.1 62.9 61.1

  5   940 65.7 69.6   540 63.7 64.3 63.4

10   740 66.1 69.3  − − − −

30   520 65.7 69.0   230 65.6 66.1 66.4
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Figure 2. Effect of level of addition and particle size on densities of unyeasted doughs containing 
wheat or oat bran.

els of addition decreased the density, but unlike the wheat bran results, the extent of the reduction 
was not in proportion to the level of addition. Again particle size had no strong or consistent effect.

Dough density depends on the extent of aeration of the dough and on the gas-free dough den-
sity, both of which vary with the work input and the amount of water in the formulation (Campbell 
et al., 1993; Chin and Campbell, 2005). The major effect of bran is to increase the water absorp-
tion, which decreases the gas-free density of the dough. Thus for the wheat bran, particle size had 
little effect on the work input, the water absorption or the dough density, while the level of addition 
affected the latter two; the observed reduction in dough density on adding bran to the formulation 
is in part due the reduction in the gas-free dough density resulting from the increased water addi-
tion. Campbell et al. (2008b) in Chapter 34 investigate the effect of wheat bran on dough aeration 
in more detail, concluding that the wheat bran used in that work increased dough aeration dur-
ing mixing, and that large particles increased aeration more than small particles. For the oat bran, 
particle size and level of addition greatly affected work input and water absorption, but not dough 
density. This implies that the increased water content of doughs with finely ground bran, which 
would decrease density, was offset by a factor acting to increase density, possibly a reduction in 
gas content with smaller particles. A comprehensive study would be needed to untangle the relative 
contributions of these interacting factors; however, it appears that the addition of oat bran does not 
give dramatic changes in dough density indicative of substantial differences in the level of aeration 
of the dough achieved in the mixer. However it is possible that the presence of bran particles alters 
the rate of turnover of air during mixing, while leaving the gas content relatively unchanged; this is 
investigated by Campbell et al. (2008b) in Chapter 34.

Inclusion of bran could also affect the bubble size distribution in the dough. This, indepen-
dently or in combination with a change in the air content, could change the interfacial area available 
for mass transfer of CO2 into bubbles and hence the rate of growth of the dough piece, particularly 
during the early stages of proving. Figure 3 illustrates the density profiles obtained using the finest 
wheat bran and the medium oat bran, which had similar median particle sizes, at different levels; 
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similar results were obtained from the other bran samples. There is no evidence of significant dif-
ferences in the profiles at the early stages of proving, particularly for the oat bran. This supports the 
view that the effect of adding bran is not mediated through changes to the aerated state of the dough 
ex-mixer (but see Campbell et al., 2008b, in the next chapter, which examines the effect of wheat 
bran particle size on aeration during mixing in more detail).

3.3.  Effects of bran level and particle size on dynamic dough density profiles 
and maximum expansion

Campbell et al. (2008a) report that addition of wheat bran at 7.5% slightly increased the 
maximum expansion of the dough during proving, as measured by the DDD technique, compared 
with a control with no bran. However this did not persist during baking, such that addition of 7.5% 
bran decreased the final loaf volume. Addition of 15% bran gave much the same DDD expansion as 
the control, but resulted in a much lower baked loaf volume.

Figure 3 confirms that the wheat bran had relatively little effect on dough expansion, in 
marked contrast to the oat bran which drastically reduced the maximum expansion of the doughs. 
Figure 4 clarifies this further, plotting the maximum expansion (1/ρmin, the inverse of the minimum 
density) versus median particle size for the two brans at different levels of substitution. As found 
previously (Campbell et al., 2008a), Figure 4 shows that the wheat bran at 7.5% slightly increased 
dough expansion, with 15% returning expansion to levels similar to the control doughs. These 
results are consistent with those shown in Figures 3(b) and 6 of Campbell et al. (2008a), although 
less pronounced, possibly due to the effect of mixing the doughs with 1% less water. These results 
suggest that addition of bran at a level of 7.5% had the effect of making the dough slightly more 
extensible, enhancing its ability to retain gas during proving, but that addition at 15% removed the 
effect. It has been noted in the literature that bran appears to have two counteracting effects when 
added to bread, one beneficial, the other deleterious (Shetlar and Lyman, 1944; Wootton and Sham-
Ud-Din; 1986). This probably accounts for some of the contradictory effects reported in the litera-
ture, and possibly also contributes to the effect observed here, that at low levels of substitution, bran 
appears slightly beneficial to gas retention during proving, but not at higher levels.

Surprisingly, the particle size of the wheat bran had no distinguishable effect on maximum 
expansion. This correlates with the finding above, that wheat bran particle size also had no effect 
on optimum water absorption (based on mixer torque) or work input. It implies that the effects of 
bran on dough expansion may be related to the effects of bran on water absorption and/or dough 
development—particle size did not affect either of these, for the reasons discussed above, and did 
not affect dough expansion, possibly for the same reasons.

By contrast, oat bran reduced maximum expansion in proportion to the level of inclusion. 
In this case, as with work input and water absorption, and again in contrast with the wheat bran 
results, particle size had a major effect. This was more evident at higher levels of oat bran, for 
which coarser particles allowed greater expansion than finer particles. These results indicate that 
addition of the oat bran had a large part of its effects, in relation both to level of addition and to par-
ticle size, during proving, in contrast to the wheat bran for which the major effect appeared to occur 
during baking. Again, the correlation with water absorption and optimum work input results implies 
that the effects of bran on expansion originate with its effects on these parameters.

3.4.  Effects of bran level and particle size on baked loaves

Figure 5 shows the effect of wheat and oat bran particle size and level on baked loaf volumes. 
In this case the addition of both bran types was detrimental to loaf volume at all levels of substitu-
tion. Any enhancing effect of the wheat bran at the 7.5% level during proving was lost during bak-
ing. Oat bran gave greater reductions in loaf volume than wheat bran (acknowledging that the levels 
of substitution are greater for oat bran, but also that its actual bran content is less—part of the effect 
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of the oat bran arises from the dilution of wheat flour with oat flour, in addition to the effects of the 
oat bran itself).

For both bran types there appears to be a consistent effect of particle size, with larger bran 
particles giving slightly larger loaves, but the effect of particle size is less dramatic than that of 
level of bran incorporation. However, comparing Figures 4 and 5, there appears to be little correla-
tion between maximum expansion as measured by DDD and baked loaf volume for the wheat bran 
doughs, but very similar patterns for maximum expansion and baked loaf volume for the oat bran 
doughs. Figure 6 confirms this by plotting specific loaf volume versus maximum dough specific 

Figure 3. Effect of (a) fi nest wheat bran (x50 = 520 μm); and (b) fi ne oat bran (x50 = 540 μm) 
incorporation on dynamic density profi le.
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volume (both in units of cm3/g) for both wheat and oat bran doughs. For the wheat bran doughs, 
there is no clear correlation, although if the control dough with no bran were excluded a weak cor-
relation might be suggested. For the oat bran doughs, by contrast, there is a strong and statistically 
significant correlation between baked loaf specific volume and maximum dough specific volume.

The poor correlation between expansion during proving, as measured by the DDD technique, 
and baked loaf volume for doughs containing wheat bran implies that the negative effects of wheat 
bran on bread occur during baking, not during proving. Indeed, during proving, wheat bran at low 
levels (7.5%) appears to have a slight strengthening effect, allowing slightly greater expansion. 
However, this is not preserved during baking, such that baked loaves containing 7.5% wheat bran 
are of smaller volume than control doughs. From this it is concluded that the effects of wheat bran 
on bread quality are manifest principally during baking rather than during proving. This is in agree-
ment with the hypothesis of Dreese and Hoseney (1982) and Rogers and Hoseney (1982), that the 
extra water required in a dough formulation containing bran is available for starch gelatinisation 
during baking, thereby lowering the setting temperature and hence the oven spring during baking 
and the final loaf volume.

By contrast, the good correlation between DDD expansion and baked loaf volume for the oat 
bran breads implies that oat bran exerts its negative effects principally during proving, rather than 
during baking; the depression of expansion during proving is preserved by baking and evident in 
the final loaves.

Table 2 summarises the weight, texture, volume and baking scores for the wheat and oat bran 
loaves. (The wheat and oat bran work was carried out in different weeks, with duplicate controls 
containing no bran prepared each time; the results for no bran are averaged from the controls for 
the separate wheat and oat bran experiments.) The amount of water in the various formulations was 
reflected in the loaf weights; this indicates that the additional water required when bran is included 
is retained during baking, in agreement with Dreese and Hoseney (1982) and Rao and Rao (1991). 
With increased bran substitution, the external appearance of the loaves became coarser, with flakes 
of bran visible in the crust. Grinding the bran gave a smoother but duller appearance that was con-

Figure 4. Effect of wheat bran and oat bran particle size and level on the maximum expansion of 
the dough during proving.
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Figure 5. Effect of (a) wheat bran and (b) oat bran particle size and level on baked loaf volumes.

sidered less attractive. Strength of the crumb decreased with increased level of incorporation and 
with grinding; the loaf containing 30% oat bran ground for 30 s was particularly fragile and broke 
easily when handled. This is evident in Figure 7, which illustrates the effect of the coarse and fine 
oat bran samples on loaf volume and texture. Increased levels and grinding of bran gave cells with 
thick walls, elongated horizontally instead of vertically and more compressed in the lower part of 
the loaf, and a darker crumb colour.

For both the wheat and the oat bran, finer particles gave smaller loaf volumes, but greatly 
improved the fineness of the crumb texture (although for the oat bran loaves this is not reflected 
strongly in the texture scores in Table 2, owing to negative effects on other aspects of crumb texture 
such as cell wall thickness and cell elongation). Close examination of Figure 7 illustrates this for 
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the loaves baked with coarse and fine oat bran; the latter have a noticeably finer crumb structure. 
Figure 8 illustrates the same effect for wheat bran, in which the finest wheat bran particles gave a 
finer crumb texture than the coarsest wheat bran. Collins (1983), Collins et al. (1985) and Collins 
and Young (1986) similarly reported that fine wheat bran gave a denser looking, closer crumb and 
smaller loaf volumes than medium or coarse brans. de Kock et al. (1999) found that smaller bran 
particles gave lower loaf volumes and more dense crumb structures (although their samples vary-
ing in size were obtained from different milling streams, rather than from milling initially identical 
samples, so differed in chemical composition as well as size). Lorenz (1976) also found that breads 

Figure 6. Specifi c loaf volume versus maximum DDD expansion for doughs containing (a) wheat 
bran and (b) oat bran at various levels and particle sizes.

4984-CH33.indd   3484984-CH33.indd   348 5/30/08   10:37:44 AM5/30/08   10:37:44 AM



Bubbles in Food II: Novelty, Health, and Luxury / 349

baked with fine triticale bran were softer and had a more uniform grain and smoother texture than 
those baked with coarse bran, but gave essentially no difference in loaf volume.

The results for oat bran are in agreement with those of Krishnan et al. (1987) who found 
coarse oat bran to be less deleterious to loaf volume than fine oat bran, although these were from 

Table 2. Loaf weight, texture, volume and baking scores for loaves prepared with different levels and particle 
sizes of wheat or oat bran. Differences in texture or baking score of 1 are considered signifi cant. For loaf 
volumes, the standard error of the mean of two replicates was 11 cm3 for the wheat bran loaves and 6 cm3 for 
the oat bran loaves.

                                  Loaf weight (g)

Wheat Bran Oat Bran

Milling time (s) No bran 7.5% 15% 10% 20% 30%

0 156.4 161.1 166.3 159.0 163.3 165.2

5 161.6 166.8 160.9 163.8 167.0

10 160.7 167.0 − − −

30 160.7 167.5 163.7 167.7 167.1

                                    Texture (1-11)

Wheat Bran Oat Bran

Milling time (s) No bran 7.5% 15% 10% 20% 30%

  0 8.8 4.5 3.5 6.75 5 2

  5 5.0 5.0 6 4.5 2

10 6.5 5.0 − − −

30   6.75   4.75 7 4.5 1

                                Volume (cm3)

Wheat Bran Oat Bran

Milling time (s) No bran 7.5% 15% 10% 20% 30%

  0 858 855 795 750 673 588

  5 835 768 750 669 560

10 848 769 − − −

30 840 763 725 628 553

                               Baking score

Wheat Bran Oat Bran

Milling time (s) No bran 7.5% 15% 10% 20% 30%

  0 26.5 22.5 17.7 18.4 12.3 4.6

  5 21.3 17.5 17.6 11.6 3.1

10 23.5 17.5 − − −

30 23.3 17.0 17.2   9.3 1.7
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samples that were sifted rather than milled in order to achieve the different particle sizes, so could 
have varied in composition as well as size. They also reported that a taste panel preferred 15% oat 
bran breads made with large particles and 10% bran levels made with intermediate particles, while 
the 15% small bran bread was consistently scored the lowest in all sensory aspects.

The literature frequently advises grinding bran in order to alleviate its adverse effects on bread 
quality (Shetlar and Lyman, 1944; Pomeranz, 1977; Moder et al., 1984; Lai et al., 1989a), although 
smaller bran particles can be less beneficial physiologically (Mongeau and Brassard, 1982; Cad-
den, 1987, 1988; Ferguson and Harris, 1997). The results presented here indicate that grinding both 
wheat and oat bran results in smaller loaves but with a finer texture. Zhang and Moore (1999) simi-
larly found that smaller wheat bran particles gave a finer texture, but that intermediate particles gave 
the largest specific loaf volume. Their “Fine” bran had a mean particle size of 278 μm, much smaller 
than the finest sample used in the current work, while their “Medium” sample had a mean particle 
size of 415 μm, similar to the finest wheat bran sample used in the current work. Reconciling the 
effects of bran particle size on these two aspects of baked loaf quality, in order to advise bakers more 
precisely, requires a more profound and detailed insight into the interaction of bran with bubbles, 
including studies over a wider range of bran particle sizes and with a greater number of bran samples 
of differing natures and origins.

Figure 7. Cross sections of loaves prepared from doughs mixed with (a) coarse (x50 = 1200 μm) and 
(b) fi ne (x50 = 230 μm) oat bran at different levels of substitution.
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Previous studies on bran in bread have tended to focus on the chemical species and physical 
factors causing the deleterious effects. Few studies have attempted to identify when in the bread-
making process bran exerts its effects, with the notable exceptions of Dreese and Hoseney (1982) 
and Rogers and Hoseney (1982) who, based on results from an electrical resistance oven, consid-
ered that the consequences of wheat bran addition were manifest during baking. (Observed effects 
on mixing time and water absorption do not imply that the adverse effect of bran on loaf volume 
and crumb structure occurs during mixing; the water added at that point and the degree of devel-
opment achieved in the mixer affect the process at later stages.) Conversely, Collins (1983) noted 
“One problem with brown and wholemeal doughs concerns their reluctance to hold gas and expand 
to full proof. The gas produced tends to escape towards the end of final proof as the gas bubbles in 
the dough rupture… Adding DATA esters or other emulsifiers such as sodium stearoyl lactylate, 
aids gas retention in proof and influences loaf volume and the uniformity of crumb structure”. Gal-
liard and Collins (1988) similarly noted the susceptibility of wholemeal doughs in commercial pro-
duction to collapse during the later stages of proving as well as the early stages of baking, although 
they attributed the effectiveness of DATEM in wholemeal formulations to its contribution to baking 
expansion. Rasco et al. (1991) found with some of their bran pretreatments that loaf volume and 
proof height appeared to be equally affected. Most studies have reported baked loaf volumes but 
have omitted to collect information about the dough expansion during proving. The results pre-
sented here tend to support the view that the major effect occurs during baking with respect to the 
wheat bran, but not with respect to the oat bran, which appears to give noticeable effects during 
proving. However the DDD technique employed here, while very sensitive, is also very gentle with 
the dough and avoids the shocks encountered in commercial practice that may underlie the observa-
tions of Galliard and Collins (1988). It is also acknowledged that the work presented here is based 
on a single sample each of commercial wheat and oat bran; each of these will not be representative 
of all brans from these cereals, which can exhibit substantial differences in chemical composition 
and physical structure resulting from differences in origin and processing. However, despite these 
qualifiers, the results presented here appear to be consistent with other comparable studies.

The behaviour of bran in bread is extremely complex, and it is difficult to disentangle the 
often highly correlated phenomena into causes and effects. For example, addition of oat bran 
strongly affected work input and water absorption; are the later observations of dough expansion 

Figure 8. Cross sections of loaves prepared from doughs mixed with coarse (left, x50 = 1570 μm) 
and fi nest (right, x50 = 520 μm) wheat bran at 7.5% substitution.
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and baked loaf quality direct effects of the bran or artefacts of the altered dough formulation and 
development? Much more detailed studies are required to address this and other questions in order 
to manage bran in bread more profitably. Nevertheless, the current work, by focussing on the gas 
phase behaviour, has demonstrated that brans can exert their effects through mechanisms that are 
qualitatively different, not just in degree. Recognising that different fibre sources interact with the 
bread structure via different mechanisms will help to avoid an ineffective and costly “one size fits 
all” approach to countering the adverse effects of fibre in breadmaking.

4. Conclusions

Addition of wheat or oat bran to dough formulations appeared to have counteracting effects 
on dough density ex-mixer, the untangling of which requires further studies. Wheat bran decreased 
the optimum work input and increased the water absorption, with particle size having little effect. 
Wheat bran added at 7.5% slightly increased the expansion of the dough during proving, but never-
theless gave a lower loaf volume, while at 15% the bran had little effect on expansion during prov-
ing but greatly affected baked loaf volume. Particle size did not affect expansion during proving, 
but coarser particles gave larger loaf volumes than finer particles, but also gave more open textures. 
The poor correlation between the proving and baking results argues that the wheat bran had its 
major effects on the aerated structure during baking rather than earlier in the breadmaking process. 
The effects of oat bran, however, contrasted with those of the wheat bran in several respects. For 
the oat bran, the particle size had substantial effects on the optimum work input and water absorp-
tion of the doughs. As with the wheat bran, larger oat bran particles gave larger loaves than did finer 
particles, but with coarser crumb textures. In contrast with the wheat bran, both the level and parti-
cle size of the oat bran affected expansion during proving, resulting in a strong correlation between 
proving expansion and baked loaf volume. The results argue that the mechanisms by which bran 
damaged bread structure and texture were different for the wheat and the oat bran samples investi-
gated, with the wheat bran exerting its effects principally during baking, while the oat bran mainly 
affected gas retention during the later stages of proving.

Acknowledgements

This work was carried out during a sabbatical visit by GMC to Crop and Food Research. 
GMC is grateful to UMIST for time and funding for the sabbatical, to the UK’s Biotechnology 
and Biological Sciences Research Council (BBSRC) for further funding under its ISIS Long Term 
Travel Award Scheme, and to Crop and Food for hosting his visit. The authors are grateful to others 
at Crop and Food, in particular Marco Morgenstern, Nigel Larsen and Tim Lindley, Arran Wilson, 
Tom Finger, Jafar Al-Hakkak, Shiva Rao, Marcus Newberry and Lyall Simmons. The Satake Cor-
poration of Japan is gratefully acknowledged for its support of the activities of the Satake Centre 
for Grain Process Engineering.

References

AACC (1995). Approved Methods of the The American Association of Cereal Chemists. The Association, St. 
Paul, MN. AACC Inc., Minnesota, USA.

Basman A. and Köksel H. (1999). Properties and composition of Turkish flat bread (bazlama) supplemented 
with barley flour and wheat bran. Cereal Chem. 76(4):506-511.

Cadden A-M. (1987). Comparative effects of particle size reduction on physical structure and water binding 
properties of several plant fibers. J. Food Sci. 52(6):1595-1599, 1631.

Cadden A-M. (1988). Moisture sorption characteristics of several food fibers. J. Food Sci. 53(4):1150-1155.
Campbell G.M. (2003). Bread Aeration. Pages 352-374 in Breadmaking: Improving Quality. Cauvain S.P. 

(Ed.), Woodhead Publishing Ltd., Cambridge, UK.
Campbell G.M., Rielly C.D., Fryer P.J. and Sadd P.A. (1993). Measurement and interpretation of dough densi-

ties. Cereal Chem. 70(5):517-521.

4984-CH33.indd   3524984-CH33.indd   352 5/30/08   10:37:50 AM5/30/08   10:37:50 AM



Bubbles in Food II: Novelty, Health, and Luxury / 353

Campbell G.M., Herrero-Sanchez R., Payo-Rodriguez R. and Merchan M.L. (2001). Measurement of dynamic 
dough density, and the effect of surfactants and flour type on aeration during mixing and gas retention 
during proving. Cereal Chem. 78:272-277.

Campbell G.M., Ross M. and Motoi L. (2008a). Expansion capacity of bran-enriched doughs in different 
scales of laboratory mixers. Pages 323-336 in Bubbles in Food 2: Novelty, Health and Luxury. Camp-
bell G.M., Scanlon M.G. and Pyle D.L. (Eds.), Eagan Press, St. Paul, Minnesota, USA.

Campbell G.M. Koh C-K., Keung Y-M and Morgenstern M.P. (2008b). Effect of wheat bran particle size on 
aeration of bread dough during mixing. Pages 355-368 in Bubbles in Food 2: Novelty, Health and Lux-
ury. Campbell G.M., Scanlon M.G. and Pyle D.L. (Eds.), Eagan Press, St. Paul, Minnesota, USA.

Cauvain S.P., Whitworth M.B. and Alava J.M. (1999). The evolution of bubble structure in bread doughs and 
its effect on bread structure. Pages 85-88 in Bubbles in Food. Campbell G.M., Webb C., Pandiella S.S. 
and Niranjan K. (Eds.), Eagan Press, St. Paul, MN, USA.

Chamberlain N. and Collins T.H. (1979). The Chorleywood Bread Process: the role of oxygen and nitrogen. 
Bakers Digest 53:18-24.

Chen H., Rubenthaler G.L., Leung H.K. and Branowski J.D. (1988). Chemical, physical and baking properties 
of apple fiber compared with wheat and oat bran. Cereal Chem. 65:244-247.

Chin N-L. and Campbell G.M. (2005). Dough aeration and rheology. II. Effects of flour type, mixing speed 
and total work input on aeration and rheology of bread dough. J. Sci. Food Agric. 85(13):2194-2202.

Chiotellis E., Campbell, G.M. (2003a). Proving of bread dough I: Modelling the evolution of the bubble size 
distribution. Trans IChemE Part C: Food Bioprod. Proc.81:194-206.

Chiotellis E. and Campbell G.M. (2003b). Proving of bread dough II: Measurement of gas production and 
retention. Trans IChemE Part C: Food Bioprod. Proc. 81:207-216.

Cho S.S., Clark C. and Uribe-Saucedo S. (2004) Gastrointestinal and other physiological effects of wheat bran. 
Cereal Foods World 49(3):140-144.

Collins T.H. (1983). Making the best of brown bread. FMBRA Bulletin 1983, No. 1, February, 3-13.
Collins T.H., Fearn T. and Ford W. (1985). The effects of gluten, fungal alpha-amylase and DATA ester in 

wholemeal bread made by CBP. FMBRA Bulletin No. 5, October, 194-201.
Collins T.H. and Young L.S. (1986). Gluten fortification of brown flours used in the Chorleywood Bread Pro-

cess. FMBRA Bulletin No. 3, June, 95-101.
D’Appolonia B.L. and Youngs V.L. (1978). Effect of bran and high protein concentrate from oats on dough 

properties and bread quality. Cereal Chem. 55:736-743.
de Kock S., Taylor J. and Taylor J.R.N. (1999). Effect of heat treatment and particle size of different brans on 

loaf volume of brown bread. Lebensmittel-Wissenschaft und-Technologie. 32:349-356.
Doehlert D.C. and Moore W.R. (1997). Composition of oat bran and flour prepared by three different mecha-

nisms of dry milling. Cereal Chem. 74(4):403-406.
Dreese P.C. and Hoseney R.C. (1982). Baking properties of the bran fraction from brewer’s spent grains. 

Cereal Chem. 59:89-91.
Dubois D.K. (1978). The practical application of fiber materials in bread production. Bakers Digest 5(2):30-33.
Ferguson L.R. and Harris P.J. (1997). Particle size of wheat bran in relation to colonic function in rats. Lebensmittel-

Wissenschaft und-Technologie 30(7):735-742.
Galliard T. and Collins A.D. (1988). Effects of oxidising improvers, an emulsifier, fat and mixer atmosphere 

on the performance of wholemeal flour in the Chorleywood Bread Process. J. Cereal Sci. 8:139-146.
Gan Z., Ellis P.R., Vaughan J.G. and Galliard T. (1989). Some effects of non-endosperm components of wheat 

and of added gluten on wholemeal bread microstructure. J. Cereal Sci. 10:81-91.
Gan Z., Galliard T., Ellis P.R., Angold R.E. and Vaughan J.G. (1992). Effect of the outer bran layers on the loaf 

volume of wheat bread. J. Cereal Sci. 15:151-163.
Gan Z., Ellis P.R. and Schofield J.D. (1995). Mini review: Gas cell stabilisation and gas retention in wheat 

bread dough. J. Cereal Sci. 21:215-230.
Krishnan P.G., Chang K.C. and Brown G. (1987). Effect of commercial oat bran on the characteristics and 

composition of bread. Cereal Chem. 64:55-58.
Lai C.S., Hoseney R.C. and Davis A.B. (1989a). Effects of wheat bran in breadmaking. Cereal Chem. 

66:217-219.
Lai C.S., Hoseney R.C. and Davis A.B. (1989b). Functional effects of shorts in breadmaking. Cereal Chem. 

66:220-223.
Lai C.S., Davis A.B. and Hoseney R.C. (1989c). Production of whole wheat bread with good loaf volume. 

Cereal Chem. 66:224-227.

4984-CH33.indd   3534984-CH33.indd   353 5/30/08   10:37:51 AM5/30/08   10:37:51 AM



354 / Chapter 33

Lorenz K. (1976). Triticale in fiber breads. Bakers Digest 50(6):27-30.
Marquart L., Chan H.W., Orsted M., Schmitz K.A., Arndt E.A. and Jacobs D.R. (2006). Gradual incorporation 

of whole-grain flour into grain-based products. Cereal Foods World 51(3):114-117.
Moder G.J., Finney K.F., Bruinsma B.L., Ponte J.G. and Bolte L.C. (1984). Bread-making potential of straight 

grade and whole wheat flours of Triumph and Eagle-Plainsman V hard red winter wheats. Cereal Chem. 
61(4):269-273.

Mongeau R. and Brassard R. (1982). Insoluble dietary fiber from breakfast cereals and brans: Bile salt binding 
and water-holding capacity in relation to particle size. Cereal Chem. 59(5):413-417.

Nelles E.M., Randall P.G. and Taylor J.R.N. (1998). Improvement of brown bread quality by prehydration 
treatment and cultivar selection of bran. Cereal Chem. 75:536-540.

Pacheco de Delahaye E., Jimenez P. and Perez E. (2005). Effect of enrichment with high content dietary fiber 
stabilized rice bran flour on chemical and functional properties of storage frozen pizzas. J. Food Eng. 
68:1–7.

Pomeranz Y., Shogren M.D., Finney K.F. and Bechtel D.B. (1977). Fiber in breadmaking—effects on func-
tional properties. Cereal Chem. 54(1):25-41.

Pomeranz Y. (1977). Fiber in breadmaking—A review of recent studies. Bakers Digest 51(5):94-96, 142.
Rasco B.A., Borhan M., Yegge J.M., Lee M.H., Siffring K. and Bruinsma B. (1991). Evaluation of enzyme and 

chemically treated wheat bran ingredients in yeast-raised breads. Cereal Chem. 68:295-299.
Rao P.H. and Rao H.M. (1991). Effect of incorporating wheat bran on the rheological characteristics and bread 

making quality of flour. J. Food Sci. Technol. 28:92-97.
Rogers D.E. and Hoseney R.C. (1982). Problems associated with producing whole wheat bread. Bakers Digest 

56 (December):22.
Shah P., Campbell G.M., McKee S.L. and Rielly C.D. (1998). Proving of bread dough: Modelling the growth 

of individual bubbles. Trans IChemE Part C: Food Bioprod. Proc. 76:73-79.
Shetlar M.R. and Lyman J.F. (1944). Effect of bran on bread baking. Cereal Chem. 21:295-304.
Shogren M.D., Pomeranz Y. and Finney K.F. (1981). Counteracting the deleterious effects of fiber in bread-

making. Cereal Chem. 58(2):142-144.
Sosulski F.W. and Wu K.K. (1988). High-fiber breads containing field pea hulls, wheat, corn and wild oat 

brans. Cereal Chem. 65:186-191.
van der Kamp, J. (2003). New perspectives for dietary fibre research and development of novel research tools. 

Cereal Foods World 48(5):257-259.
Wood, P.J. (1997). Functional foods for health: Opportunities for novel cereal processes and products. Pages 

233-239 in Cereals: Novel Uses and Processes. Campbell GM, Webb C and McKee SL (Eds.), Plenum 
Press, New York, USA.

Wootton M. and Sham-Ud-Din M. (1986). The effects of aqueous extraction on the performance of wheat bran 
in bread. J. Sci. Food Agric. 37:387-390.

Zhang D. and Moore W.R. (1997). Effect of wheat bran particle size on dough rheological properties. J. Sci. 
Food Agric. 74, 490-496.

Zhang D. and Moore W.R. (1999). Wheat bran particle size effects on bread baking performance and quality. 
J. Sci. Food Agric. 79, 805-809.

4984-CH33.indd   3544984-CH33.indd   354 5/30/08   10:37:51 AM5/30/08   10:37:51 AM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.16667
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Thomson)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




