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Abstract

In breadmaking, dietary fibres are used to improve the nutritional quality of the final products; on the other hand, they may
affect the physical and sensory properties. This work aimed to the evaluate, on pan breads, the effect of substituting 3 g of
wheat flour with an equivalent amount of fibre rich ingredients: chestnut peels (CP) or wheat bran (WB), in comparison to
a traditional wheat bread formulation (C). The effect of four levels of added water (54, 60, 66, 71 g/100 of flour) was also
tested. The fibre content of CP (33%) and WB (42%) affected their water binding capacity and, consequently, the quality of
the final loaves, according to the different water addition levels. In bread crumb, water content and water activity increased
proportionally to the water addition levels, being instead in the crust also affected by the presence of fibres: lower water
retention capacity was observed for CP, in comparison to WB and C. The loaf volume resulted higher for C in comparison to
WB and CP, in relation to the larger dimensions of the crumb pores, probably due to the interfering effect of fibres during the
development of the gluten network. Crumb hardness resulted higher for C at low water addition levels, being instead higher
for CP at high water addition levels. CP showed a darker and redder colour, than both WB and C bread, for the presence of
the brown pigments carried by chestnut peels. PCA analysis confirmed that more water is required for both the fibre-enriched

breads to show characteristics similar to the control loaves.
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Introduction

The term "dietary fibre" indicates carbohydrate polymers
with three or more monomeric units, which are neither
digested nor absorbed in the human small intestine [1].
Dietary fibres are currently the subject of numerous stud-
ies aimed at investigating their positive effects, linked to
both health and organoleptic aspects. Indeed, the fibre intake
seems to have positive effects on health such as improvement
of intestinal function, prebiotic activity, reduction of blood
cholesterol levels, and attenuation of post-prandial blood
glucose and insulin levels [2]. According to Reg. (EC) No.
192472006 [3], it is possible to use the claim “source of
fibre” when the product contains at least 3 g of fibre per
100 g or at least 1.5 g of fibre per 100 kcal. Dietary fibres are
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interesting not only for their nutritional properties, but also
for their functional and technological properties [4, 5]. It is
well known that the incorporation of fibre, extracted from
different sources, into food such as meat products, breakfast
cereals, and bakery goods can change its structure, texture,
stability, and rheological properties [6-8].

When added to bread formulations, fibres could affect
microstructure, texture, and shelf life of the final products
[9]. Wheat bran is the most largely considered fibre for
the production of “whole” breads [10]. However, with the
increasing demand for sustainable food productions, food
by-products such as the ones derived from legumes or from
vegetable processing, rich in fibre and/or in other compo-
nents (vitamins, minerals, antioxidants, etc.) are being used
alternatively or coupled with wheat bran. In the last years,
several authors evaluated the applicability of different veg-
etable by-products (e.g., green coffee parchment, cocoa bean
shells, and legume hulls) rich in dietary fibres and other bio-
active compounds to produce bread formulations [11-14].

In this view, the main by-product of the chestnut indus-
try is the peels (composed by pericarp and integuments).
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Chestnut peels represent about 6-10% of the fruit weight
[15] and they contain about 30% of fibre, consisting mainly
of lignin, cellulose, and hemicellulose, as well as being an
important source of phenolic molecules (tannins and ellagi-
tannins) with antioxidant activity and other bioactive com-
pounds [16]. These properties make chestnut peels useful
both as functional ingredients as well as a source for extrac-
tion of specific compounds.

The functional properties of chestnut peels have been pre-
viously studied for the enrichment of foods such as cook-
ies [17] and sausages [18], but there are not scientific data
about the use of chestnut peels in breadmaking. In addition
to the food functionalization, the use of chestnut peels can
contribute to the reduction of food waste and the further
enhancement of the chestnut supply chain.

From a technological point of view, it is well known
that the addition of fibre-containing ingredients to a bread
formulation can modify the optimum water absorption
level of the system during the kneading step [19, 20] Dur-
ing breadmaking, if the level of added water is insufficient
for the hydration of all dough ingredients, the gluten does
not become fully hydrated and its elastic nature does not
become fully developed. Conversely, an excessive level of
free water results in an increased extensibility and stickiness
of the dough. Eventually, the amount of water can modify
the microstructure, texture, volume, and even colour of the
final bread loaves [21, 22].

In this context, the present work aimed to compare the
technological performance of chestnut peels and wheat
bran supplementation for bread making, in comparison to a
standard bread without added fibres. The physicochemical
characteristics of the final loaves were analysed, by explor-
ing also the influence of different amounts of water added
to the dough.

Materials and methods
Materials, bread formulation, and breadmaking

Chestnut peels were obtained from “I briganti di Cerreto”,
a local community cooperative (Reggio Emilia, Italy), and
were collected as by-products of the production of chest-
nut flour. The chestnut flour was obtained with a traditional
method from fruits dried at constant temperature (40 °C)
for 40 days in an old-fashioned drying kiln called “metato”.
Metato is a structure of around 10-20 m? composed by two
levels: chestnuts are positioned in the upper level (as a layer
of 40-80 cm thickness) and are dried with the aid of heat
generated from the flame-free combustion of chestnut tree
wood, that takes place in the lower level. Chestnut peels
were ground in a blender Osterizer 890-49H (Oster, USA)
for 2 min at the maximum speed.
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Wheat bran was kindly provided by Molino Bongio-
vanni S.r.l. (Villanova Mondovi, Italy).

The granulometry of both alternative plant raw materi-
als was determined by laser diffraction method (details
hereafter).

Soft wheat multipurpose flour type “0” (dough alveo-
graph energy W: 250; fats: 1.6 g/100 g; carbohydrates:
73 g/100 g; fibres: 1.2 g/100 g; proteins: 12 g/100 g; ashes:
0.05 g/100 g), as legally defined by the Italian Government
Official Bulletin [23], was purchased from a local market
as a single production lot.

The sampling scheme was "3 X4" in term of flour type
(C, CP, and WP) and levels of added water (54, 60, 66, and
71 g/100 g flour). Each bread type was produced in two or
three production batches, resulting in a total amount of 24
(3%x4x2)or36(3x4x3)bread loaves.

Pan bread samples were as follows: C, control
(100 g/100 g of soft wheat flour); WB, bread prepared by
substituting in the control recipe 3 g of soft wheat flour
with 3 g of wheat bran; CP, bread prepared by substitut-
ing in the control recipe 3 g of soft wheat flour with 3 g
of chestnut peel.

Pan bread samples were produced using the following
formulation, expressed on a flour basis: soft wheat flour
(without and with fibre supplementation) (100 g), water
(54, 60, 66, and 71 g), yeast (1.7 g), sunflower oil (6.5 g),
and salt (2.0 g). To simplify, these quantities are here
reported on 100 g of soft wheat flour; the real flour dose
used for one loaf of bread was 450 g with relative propor-
tions of the other ingredients.

A domestic bread maker machine (Moulinex, Groupe
Seb Italia S.p.A., Milano, Italy) was used for bread mak-
ing, with the following program: stirring + kneading, +ris-
ing, 136 min; baking, 53 min at 210 °C. The breads were
then equilibrated at 25 °C in a temperature-controlled
chamber (ISCO 9000, Milan, Italy) for 2 h and analysed
the same day of bread making.

The ratios of chestnut peels or wheat bran/soft wheat
flour and the used water levels were optimized in terms of
sensory characteristics, by performing preliminary tests, to
obtain loaves with acceptable physical and sensory proper-
ties. The trials were conducted during a master thesis in
Food Science and Technology at the University of Parma,
Italy (data not published) [24].

Physico-chemical analyses on chestnut peels
and wheat bran

The total fibre content of chestnut peels and wheat bran
was measured according to the AOAC Method 2009.01
[25]. The results are expressed as percentage on dry
weight (dw).
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Water-binding capacity (WBC) of chestnut peels and
wheat bran was determined as described by Paciulli et al.
[26].

Particle size of both chestnut peels and wheat bran was
measured by means of a laser diffraction particle-size ana-
lyzer (Beckman Coulter Inc., USA) with the following
parameters: 350 mbar vacuum, obscuration 8%, and run
length of 19 s. All the analyses were performed in triplicate.

Analyses on bread
Moisture content and water activity

Moisture contents of breads were measured according to
AOAC 925.09 [27], in triplicate, on crust and crumb.

The water activity (a,,) of bread crumb and crust (crust
thickness: 1.5+0.2 mm) was determined in triplicate at
25.0+0.2 °C using an electronic dew-point water activity
meter Aqualab Series 4 model TE (Decagon Devices, Pull-
man, Washington, USA) calibrated with saturated salt solu-
tions and deionized water in the a,, range of 0.846—1.000.

Specific volume and crumb grain analyses

Specific volume of bread types was determined for each loaf,
according to the standard rapeseed displacement methodol-
ogy [28], and it was expressed as the volume/weight ratio of
cooked bread (mL/g).

Crumb porosity was evaluated on two central slices
(20 mm thickness) from each loaf. Images were acquired
with a Scanjet 8200 flatbed scanner (Hewlett-Packard, Palo
Alto, CA, USA), with a resolution of 600 dots per inch (dpi)
and converted from true colour to 256-level grey scale. Anal-
yses were performed on 40 X 40 mm squares taken from the
center of the images after their calibration, standardization,
and optimization by means of appropriate filters carried
out with Image-Pro Plus 4.5 software (Media Cybernetics
Inc., USA), as previously reported by Rinaldi et al. [29].
The same software was employed for data processing to
quantify the pores present in five pre-selected dimensional
classes based on their area (class 1, 0.001-0.005 mm?; class
2, 0.005-0.008 mm?; class 3, 0.008-0.010 mm?; class 4,
0.010-1.000 mm?; class 5,> 1.000 mmz) to obtain the num-
ber of pores of each class and the area occupied by each
class (expressed as percentage of the total number of pores).
Pores’ density (pores/ mm?) was also measured. Each analy-
sis was performed in triplicate.

Textural analyses
Texture analysis was performed on crust and crumb using

a TA.XT2 Texture Analyzer equipped with a 25 kg load
cell (Stable Micro Systems, Godalming, UK). Crust

hardness was measured by means of a puncture test using
a 3 mm-diameter stainless steel probe and a test speed of
2 mm/s. Maximum peak force (V) was measured from the
penetration curve and taken as crust hardness. Measure-
ments were performed on five pre-selected points of the
crust of three loaves per samples.

Crumb evaluation was carried out on ten cube of 20 mm
side obtained from two central slices of three loaves per
samples, by cutting with an electrical knife (Moulinex)
and then measured with a calliper to ensure repeatability.
A Texture Profile Analysis (TPA) test was performed on
the crumb cubes with a 35 mm-diameter cylindrical alu-
minium probe by means of a double compression with
a speed of 1 mm/s up to the 50% of the original sample
height. The textural parameters considered were hardness
(maximum peak force of the first compression cycle, N),
cohesiveness (ratio of positive force area during the sec-
ond compression to that during the first compression area,
dimensionless), resilience (area during the withdrawal of
the first compression cycle, divided by the area of the first
compression, dimensionless), and chewiness (hardness x
cohesiveness x springiness, N).

Colorimetric analyses

Colour was determined separately on crust and crumb using
a Minolta Colorimeter (CM 2600d, Konica Minolta Sensing,
Osaka, Japan) equipped with a standard illuminant D65 and
a Spectramagic 3.6 software for data analysis. The instru-
ment was calibrated before each analysis with white and
black standard tiles. Parameters L* (lightness, black=0,
white =100), a* (redness a* > 0, greenness a* <0), and b*
(yellowness, b* >0, blue b* <0) were quantified on each
sample using a 10° position of the standard observer.

Crust colour was determined on nine pre-selected loca-
tions on the crust of each loaf, while crumb colour was
determined on three points on the three central slices of
each sample.

Statistical analysis

One-way analysis of variance (ANOVA) and Tukey-LSD
post hoc test at a 95% confidence level were performed to
compare the particle size and WBC of the fibres. Two-way
ANOVA and Tukey-LSD post hoc test at a 95% confidence
level were performed to evaluate the effects of bread formu-
lation and the level of water addition on physicochemical
properties of bread samples at a=0.05. The eta squared (%)
was computed according to Eq. (1) to observe the amount
of variance explained in the main effects and interactions of
the ANOVA models by each measured independent variable
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SSe¢
g = SS ’ (1)

tot

n

where SS.; is the sums of squares for the considered effect,
and SS,, is the total sums of squares for all effects, the inter-
action, and the residual error.

The indicative effect size limits explained by n* are > 0.01:
Small effect size, >0.06: Medium effect size, > 0.14: Large
effect size [30].

Pearson correlation coefficients (r) were also calculated
considering a two-tailed significance level P <0.05. Princi-
pal component analysis (PCA) was carried out using nor-
malized variables and considering two or three production
batches for each sample. All the statistical tests were per-
formed using SPSS statistical software (Version 27.0, SPSS
Inc., IL, USA).

Results and discussion
Analyses on wheat bran and chestnut peels

Mean dimension of chestnut peels and wheat bran parti-
cles, analysed by means of laser diffraction, was equal to
705.7+51.6 and 740.2 +64.2 pm, respectively; no sig-
nificant differences between the two studied fibres were
observed for this parameter.

Water-binding capacity (WBC) of chestnut peels resulted
significantly lower compared to wheat bran (2.42 +0.08
Swater/ Sdry weight VS 348 £0.59 8yuier/Bury weighs P <0.05). This
result can be related to the significant lower fibre content of
chestnut peel (33 +2.1%y,,) in comparison to wheat bran

(42.4 +1.0%y,,)- The polysaccharide constituents of dietary
fibres are indeed strongly hydrophilic. Water is held on the
hydrophilic sites of the fibre itself or within void spaces in
the molecular structure [31].

Analyses on breads
Moisture content and water activity

Moisture content of the crumb resulted significantly affected
by the amount of water added to the recipe (n°>=0.94,
P <0.001). In general, crumb moisture content significantly
increased for rising levels of added water, without being sig-
nificantly affected by the presence of different fibre sources
(Table 1).

The moisture content of the crust resulted to be sig-
nificantly affected by both formulation and water addi-
tion (P <0.05 and P <0.001, respectively); in general, it
increased for higher levels of water used in the formula-
tion (Table 1), except for CP which did not show a clear
trend. The control bread C showed the strongest rise of
crust moisture content, in comparison to the other formu-
lations, increasing of 83% by passing from 54 to 71 g of
added water/ 100 g flour. By splitting the data as function
of the water addition (Table 1), the crust moisture content
of the breads at the lowest and highest water addition level
(54 g and 71 g/100 g flour, respectively) differed signifi-
cantly among the studied samples (P <0.05). The C bread
showed the lowest moisture content at 54 g of added water
compared to WB and CP; conversely, at 71 g of added water,
CP revealed the lowest moisture content (Table 1). This dif-
ferent behaviour among the samples is in accordance with

Table 1 Moisture content and water activity of crust and crumb of control bread (C), bread fortified with wheat bran (WB), or chestnut peels

(CP) at different levels of water addition

Bread type Added water Moisture content (W/w %) Water activity
(/100 g flour) Crust Crumb Crust Crumb

C 54 13.67+037 € 37.89+0.91 oA 0.853+0.026 "B 0.973+0.001 A
60 14.02+0.17 brA 39.62+0.92 ofB 0.823+0.014 be/B 0.973+0.001 A
66 16.56+1.19 A 42.63+182 YA 0.789+0.025 o/A 0.986+0.003 VA
71 25.13+6.14 VA 46.77+1.09 VA 0.951+0.007 yA 0.987+0.002  ¥A

WB 54 15.20+0.45 be/B 36.89+0.37 oA 0.878 +0.008 UAB 0.973+0.002 YA
60 14.19+1.17 oA 42.05+0.52 brA 0.837+0.027 ab/B 0.975+0.002 brA
66 16.99+1.10 abl/A 4243 +1.34 b/A 0.793+0.019 A 0.987 +0.002 yA
71 19.16 +2.66 a/AB 45.32+1.46 VA 0.889+0.023 a/B 0.974+0.003 b/B

CP 54 16.29+0.31 A 37.46+0.41 be/A 0.914+0.021 yA 0.977 +0.003 ab/A
60 13.12+0.23 oA 41.52+0.80 be/AB 0.907 +0.023 ab/A 0.969 +0.002 b/B
66 16.03+1.41 ab/A 40.86+3.23 ab/A 0.844+0.033 A 0.981+0.000 /B
71 14524070 B 45524340 VA 0.913+0.017 /AB 0.971+0.008 ab/B

4~“Lower case letters indicate a significant difference (P <0.05) within the same bread among different water addition levels

A=CUpper case letters indicate a significant difference (P <0.05) within the same water addition levels among the different bread samples

@ Springer



European Food Research and Technology

the significant statistical interaction between the two con-
sidered main effects (n2=0.48, P <0.001, Table S1). The
presence of fibres in WB and CP breads may have helped in
reducing the moisture losses during baking, as these com-
ponents are able to promote the water-holding capacity of
the formulation [32], especially when the level of water in
the formulation is relatively low (54 g of added water per
100 g flour). On the other hand, in the presence of 71 g of
added water per 100 g of flour, CP showed the lowest values
of crust moisture content, followed by WB and C (Table 1).
The lower moisture content of CP in comparison to WB
may be due to the lower fibre content of CP in comparison
to WB (Paragraph 3.1) and, consequently, to the lower WBC
in presence of high amounts of added water [31].

The crust and crumb water activity values were in line
with those observed by other authors on breads enriched
with different bran fractions [33]. Both crust and crumb
water activity values were mainly affected by the differ-
ent water addition levels (n?>=0.67 and 0.59, respectively,
P <0.001) and less by the formulation effect (n?=0.17 and
0.13, respectively, P <0.001, Table S1). As observed for the
moisture content, the a,, values increased in C bread crust
and crumb for increasing level of added water (Table 1),
while a well-defined trend was not observable in cases of
WB and CP variants. CP resulted in general the formula-
tion with the higher values of crust a,, probably because
the chestnut peels components can physically entrap water
without forming chemical bonds. The water activity values
of the crumb correlated positively to the crumb moisture
content, as expected (r=0.628; P <0.05).

Bread volume and crumb porosity

Breads volume, measured immediately after baking and
cooling, was significantly affected by the formulation
(n2 =0.42, P<0.05, Table S1). In particular, a significant
difference in the bread volume was observed between C and
WB samples, for all the water addition levels, being charac-
terized by a mean volume of 3.5+0.1 and 3.3+0.2 g/mL,
respectively. A reduced volume development with the addi-
tion of WB was an expectable result, as WB particles may
be able to interfere with the formation of the gluten network
as they mainly act as a “filler” substance; moreover, also the
presence of glutathione and other reducing agents in WB
and their related chemical effects on the gluten fraction [34,
35] may be partially responsible for the volume reduction.
On the contrary, CP bread (mean volume of 3.4+0.3 g/mL)
did not show a significant difference with the other two sam-
ples (P> 0.05), despite being slightly lower than C, probably
because of the lower fibre content of CP in comparison to
WB. No significant differences in volume development were
linked to the levels of water addition (P> 0.05).

The measure of the pores’ density (number of pores/mm?)
revealed a slight dependence both from the water addition
level and the bread formulation (Table 2). The number of
pores decreased by increasing the level of added water,
mostly for CP; a negative correlation between pore density
and crumb moisture content was indeed found (r=-0.415,
P <0.05). In general, CP resulted the sample with the higher
pore density, followed by WB and C. Similar results were
already observed by other authors in gluten-free breads for-
mulated with different levels of water and xanthan gum [21].

The dimensional distribution of pores in bread crumb
slices was differently affected by the formulation, the water
addition level, and the interaction between these two factors
(Table S1). The more represented image pore classes were
the first (0.001-0.005 mm?) and the fourth (0.01~1.00 mm?),
for all the formulations; in terms of relative frequency, they
represented, respectively, the 34.9+8.8% and 44.4+9.5%
of the crumb porosity. All the samples showed a quite large
and heterogeneous distribution of crumb pores, that has also
been reported for commercial breads and attributed to the
difficulties to obtain products with standardized character-
istics also when a well-established production technology
is used [36].

The image analysis results (Table 2) underlined that the
two smaller dimensional classes of pores (0.001-0.005 and
0.005-0.008 mm?) were more affected by the level of added
water (n2 =0.74 and 0.54, P <0.001, respectively, Table S1)
rather than by the formulation. In particular, it was possible
to observe a decreasing trend of the percentage of pores
in the second dimensional class for higher levels of added
water. Also, the second dimensional class showed significant
negative relation with the moisture content measured in the
crumb (r=-0.39, P <0.05); water activity of the crumb
was negatively correlated with the first, second, and third
dimensional pore classes (r=—0.65, —0.36, —0.40, respec-
tively, P <0.05) but positively correlated with the two other
classes (r=0.66 and 0.54, respectively, P <0.05). The first
dimensional class showed a significantly lower percentage
of pores at a water addition level of 66 g/100 g of flour
(P <0.05); a similar result was also observed in the case of
the third dimensional class (0.008-0.010 mmz). Conversely,
the fourth dimensional class (0.010—-1.000 mm?), that was
mainly influenced by the water addition level (n2=0. 82,
P <0.001), determined the opposite result, with the sample
at a water addition level of 66 g/100 g of flour showing the
highest value for all the three formulations (Table 2). These
results were in line with the results of Upadhyay et al. [37]
who observed an increase in the mean size of air bubbles
developed in the bread dough at higher water concentra-
tions, at comparable conditions of dough fermentation; as
a result, a few bubbles of larger dimensions were formed.
The authors stated that this observation may be due to an
increase in the surface tension in the cell walls because of
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higher water concentrations. Rinaldi et al. [12], observed
a higher percentage of pores belonging to the high-dimen-
sional classes in the case of bread formulations having poor
volume development as a consequence of high WBC and
water-holding capacity (WHC). Larsen and Greenwood [38]
reported that crumb grain was negatively scored by a panel
group when increasing levels of water were added to the
dough, leaving however unaffected loaf volume and bake
scores.

A different dimensional distribution of crumb grain
pores was also observable for the three different formula-
tions. In particular, C in comparison with WB and/or CP
variants had a significantly lower frequency percentage for
the first dimensional class (0.001-0.005 mmz), for all the
water addition levels, except for the formulation with 66 g
of water/100 g of flour. Conversely, C showed a significantly
higher frequency percentage for the fifth dimensional class
(> 1.00 mm?) than the two experimental ones, in all the
cases except for the water addition level of 66 g/100 g of
flour. A greater relative abundance of pores with dimen-
sions higher than 1.00 mm? in C bread may be linked to
the greater volume development of the loaf [39], which was
confirmed by the statistical comparison between C and WB
volumes, but not between C and CP volumes. The higher
frequency percentage for the fifth dimensional class (> 1.00
mm?) and the greater volume development observed for C
in comparison to the two experimental breads may be due
to the interfering effect of WB and CP during the develop-
ment of the gluten network. The result is the formation of
a less-organized structure that is less able to stabilize the
air bubbles that are formed during the breadmaking opera-
tions. Also, the fourth dimensional class (0.010—1.000 mm?)

generally had higher frequencies values in the C bread than
in WB and CP, despite this difference was found only at
lower water addition levels (54 and 60 g/100 g of flour).

The main effect of formulation (n2 =0.40, P<0.001) was
predominant on the third dimensional class (0.009-0.010
mm?). CP showed a significantly higher frequency abun-
dance than C and WB (8.17 +1.95%, versus 6.70+1.81%
and 5.35 +1.92%, respectively). Positive correlations have
been found between pores’ density and the first (r=0.339,
P <0.05) and second (r=0.476, P <0.01) pore dimensional
classes. On the other hand, the fourth and fifth dimen-
sional pore classes showed a negative correlation with the
pores’ density (r=-—0.427, P<0.05; —0.594, P<0.01,
respectively).

Texture analysis

The results of texture analysis for breads crust and crumb
are reported in Table 3. The most relevant factor influencing
the crust hardness was the water addition level (r]2 =0.57,
P <0.001, Table S1), without a clear trend among the sam-
ples (Table 3). It is well known that water exerts a plasticiz-
ing role in a food matrix [40] that can be responsible for the
reduction of textural hardness of the product. Some differ-
ences among samples in terms of crust hardness were also
determined by the different formulation, despite a clear trend
was not observable.

Concerning crumb hardness, both formulation and water
addition levels showed a significant effect (n?~0.39-0.40,
P <0.001). For low levels of added water (54 and 60 g/100 g
flour), crumb hardness was significantly higher in C than in
WB and CP (with the exception of WP and C at 54 g/100 g

Table 3 Textural parameters measured in the crust and in the crumb of different bread formulations

Bread type Added water  Crust Crumb
(g/100 g) - ; 5
Hardness () Hardness (V) Resilience (%) Cohesiveness (—) Chewiness (N)
C 54 200+£042 YA 251050 YA 3921+1.75 94 0.73+£0.02 B 1.76+£0.33  b/A
60 1324027 YA 3.11+£0.69 ¥A 42644130 YA 075+£0.02 A 2.154£0.57 /A
66 2.11+£044 B 1.894045 B 4830+2.03 ¥ 0.81x001 ¥A 1.51£034 A
71 1234044 PA 2594055 YA 48.17+1.76  ¥A  0.70x0.14 YA 248+1.10 ¥A
WB 54 2.10+£041 YA 2184047 ¥AB 40124078 A 0.76+0.01 YA 1.61+£0.32 ¥AB
60 1.36+£034 A 1.90+048 B 43234219 YA 076+£003 VA 1.62+0.77 B
66 3394092 YA 1284024 OB 47944335 ¥A  077+£0.10 VA 0.99+024 B
71 0934020 B 1.87+038 B 47014291 ¥ 077£003 ¥A 1.60+£0.57 B
CP 54 120026 B 1.98+045 B 3731+123 B 0.75+£0.02 ¥AB 1434032 B
60 1454047 A 1641045 OB 4190+1.58 YA 077£002 VA 1304042 B
66 1.51£028 € 1424042 A 47.09+1.50 ¥A 0794005 VA 1.13+035 B
71 0.85+£0.18 B 2524058 ¥A 4758+3.44 ¥A  0754£021 VA 1.37+£0.73 B

Samples were a control bread (C), a bread fortified with wheat bran (WB), or chestnut peels (CP) at different levels of water addition

a~“Lower case letters indicate a significant difference (P <0.05) within the same bread among different water addition levels

A=CUpper case letters indicate a significant difference (P <0.05) within the same water addition levels among the different bread samples
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flour that were not significantly different), while in the
samples with more added water (66 and 71 g/100 g flour),
CP showed a similar or even harder crumb texture, com-
pared to the other bread formulations. This behaviour can
be explained by the ability of fibres to compete with wheat
flour components to bind and organize water molecules in
the product [41, 42], and then to reduce viscous dissipation
effects; at the same time, fibres in presence of low water
contents may reduce the textural hardness of the system,
because they may interfere with the formation of a well-
organized gluten/starch structure [43]. The differences in
terms of textural hardness may also be linked to the differ-
ent crumb grain development: in particular, crumb hardness
correlated positively to the relative abundance of class the
third pore class (r=0.448, P <0.05).

The variation of chewiness among the samples was
mainly explained by the formulation factor (7*>=0.53,
P <0.001) rather than by the water addition levels n*=0.32,
P <0.001). The level of chewiness increased with the addi-
tion of fibres in bread recipes (independently from its
source). This result is in accordance with previous studies
regarding the addition of different sources of dietary fibres
in bread formulations [44, 45]; as chewiness is related to the
energy required to chew a food product until it can be swal-
lowed, it can be stated that the addition of CP and WP fibres
may be responsible for the rise of the structural rigidity of
the bread system.

The other considered textural crumb attributes (resil-
ience and cohesiveness) were mainly affected by the water
addition levels (7>=0.97, P <0.001 and >=0.56, P <0.05,
respectively) and less by formulation (Table S1). In general,

resilience raised for increasing level of water regardless of
the presence or absence of fibres; a negative correlation
has also been found between resilience and pore density
(r=-0.527, P<0.05). Resilience is a textural parameter
that describe the ability of a food structure subjected to a
strain to counteract against the deformation and to regain
its original height; a rise of resilience at increasing levels of
water content has also been observed in the case of gluten-
free breads [46].

Cohesiveness was only subjected to slight variation in
C bread as a function of the different levels of added water,
while it remained constant in WB and CP.

Colour

Colorimetric observations are reported in Table 4. Concern-
ing colour indicators, formulation influenced the evolution
of lightness and redness (L* and + a*) (n2 =0.85 and 0.91,
P <0.001, Table S1), while yellowness (+ b*) was in similar
extent affected by both formulation and water addition level
(n2= 0.42 and 0.45, P<0.001). The addition of both the fibre
variants significantly decreased the lightness of bread crumb;
conversely, it significantly increased the redness parameter
a* (P<0.05), as a direct consequence of the presence of
coloured fibres that modify the crumb appearance [47]. In
particular, by considering the mean data of the different
levels of added water, CP showed the lowest value of L*
(59.6 +4.8), while WB showed only a slight, but significant
difference of lightness if compared to C (68.33 +3.57 and
72.60+3.73). Considering redness, CP showed the highest
value of a* (4.53 +1.40), followed by WB (2.01 +£0.53) and

Table4 Colorimetric

Bread type Added water  Lightness L* Redness a* Yellowness b*
parameter§ (L*, a*, b*) (/100 g)
measured in the crumb of
different bread formulations C 54 70.97+3.94 VA 0.30+0.07 b€ 13.79+1.40 YA
60 71554206 YA 043+0.10 € 1397166 YA
66 7631+4.00  ¥A 0.17+0.08 ¢ 16.22+1.51 o/B
71 72334276 YA 0.30+0.15 € 13474086 YA
WB 54 68.50+2.57 YA 2114043 @B 13.53+1.24 A
60 69.43+295 /A 1.82+048 b8 1349+1.17 YA
66 71334230  ¥B 246+045 B 18.45+0.83  ¥A
71 64.08+1.79 B 1554035 B 11414153 B
CP 54 58.61+3.12  YB 4224033 YA 926+1.09 B
60 59.50+242 B 428+036 YA 9.58+0.84 B
66 56.4+3.05  C 6.17+045 YA 13.72+0.61 ac
71 62.19+6.04 VB 375+1.60 YA 11.36+234 M€

Samples were a control bread (C), a bread fortified with wheat bran (WB), or chestnut peels (CP) at differ-

ent levels of water addition

4~“Lower case letters indicate a significant difference (P<0.05) within the same bread among different

water addition levels

A=CUpper case letters indicate a significant difference (P<0.05) within the same water addition levels

among the different bread samples
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C (0.31£0.13); all the three studied breads were signifi-
cantly different in terms of a* values (P <0.05). Also, the
water addition level showed some significant differences in
the case of a* and b* values, despite no clear trends were
identifiable among the samples (Table 4). Finally, the light-
ness of the crumb was found to be positively correlated to
the moisture content of the crumb (r=0.35, P <0.05).

Principal component analysis (PCA)

Multivariate PCA methodology generated six PCs that
explained 80.8% of variance of the dataset. The first two
PCs used for sample visualization (Fig. 1a), explained 29.8%
and 15.8%, respectively, of the total variance.

By considering the formulation effect, it was not possible
to observe a clear grouping pattern; CP breads showed rela-
tively more negative scores on the PC 1, while the control
breads showed more positive scores; WB determined inter-
mediate scores if compared to CP and C. Based on the load-
ing plot (Fig. 1b), CP was differentiated by a higher relative
abundance of pores of low dimensions (first and second pore
classes), a relatively low water activity of the crumb, and a
reddish colour (high a* values). Still, the samples related to
the different formulations were quite overlapped.

Considering the water added to the formulations, it was
possible to observe some grouping patterns: samples con-
taining 71 g and 66 g of added water/100 g of flour showed
positive scores in PC 1. These two groups of samples were
differentiated from the samples with lower amount of added
water (with the exception of the two control samples hav-
ing 60 g of water/100 g of flour) because of their higher

lightness and yellowness (L* and b*), moisture content of
crumb and crust and higher pores’ dimension (fourth and
fifth pore classes). Based on PC 2, these two groups resulted
further differentiated: positive scores in the case of 71 g of
water/100 g of flour and negative in the case of 66 g of
water/100 g of flour. By observing the loading plot (Fig. 1b),
samples with 71 g of water/100 g of flour were discriminated
by higher values of crumb moisture content, a,, hardness,
chewiness, resilience, and cohesiveness, while of 66 g of
added water/100 g of flour were mainly differentiated by a
higher crust hardness, b* value, a,, of the crumb, and loaf
volume.

Finally, the samples with lower amount of water added to
the formulation (54 and 60 g/100 g of flour) were related to
high scores of the first and second pore dimensional classes,
other than to a redder colour.

Conclusion

In this study, the supplementation of chestnut peels for
breadmaking was evaluated for the first time and compared
to both a standard wheat bread and to a bread formulation
supplemented with wheat bran. In addition, the breads were
produced by modulating the water added to the dough.

The results showed that the incorporation of chestnut
peels exerts some influence in the physicochemical char-
acteristics of the product, with some of them (i.e., textural
and colorimetric characteristics) being critical in defining
the consumer appreciation of a bread. The level of water
exerted an influence even higher than the presence of fibres
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20 7 05|
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Fig.1 Principal component analysis (PCA) score (a) and load-
ing (b) plots of the two principal components of the model (PC 1,
PC 2). Samples were indicated and labelled according to the formu-
lation (control: 100 g/100 g standard wheat flour bread; wheat bran:

bread supplemented with 3 g of wheat bran per 100 g of flour; chest-
nut peels: bread supplemented with 3 g of chestnut peels per 100 g of
flour), and water added to the flour (54, 60, 66, and 71 g/100 g flour)
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on the physicochemical properties of breads, despite a clear
trend was not always appreciable. In general, as showed by
PCA, the presence of fibres in bread formulations requires
higher amount of water to reach characteristic similar to the
non-enriched breads.

In view of these results, it can be concluded that the uti-
lization of chestnut peels may be applicable to produce a
fibre-enriched product that can contribute to the develop-
ment of a more sustainable and efficient chestnut supply
chain. However, to complete the evaluation of this ingredi-
ent, further studies should be carried out to test its effect on
doughs with different gluten content, the sensory accept-
ability, and the potential differences during the shelf life
in comparison to the standard and the wheat bran enriched
breads, commonly accepted as controls.
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