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Abstract

Apple pomace is a good source of bioactive components. Therefore, the use of dried apple pomace for the
biofortification of wheat bread is highly justified. The aim of this work is to analyse the effect of different levels of
the additive (5, 10, 15%) of whole and ground pomace on the chemical composition and the content of pro-health
ingredients and also on physical characteristics and sensory evaluation of wheat bread. Among all analysed samples,
the wheat bread with 5% whole pomace received the best scores (good volume, small baking loss, low crumb
hardness in comparison to control on the day of baking and during storage). Although 5% addition of pomace
did not guarantee such an increase of bioactive compounds as other applied levels, it caused an increase in total
polyphenol content, flavonoids and anthocyanins by 55, 200 and 160% as compared to control, respectively. The
addition of 5% whole apple pomace to wheat bread could be advised on industrial scale because of high consumer

acceptance of such products.

Keywords: apple pomace, pro-health components, quality, wheat bread

1. Introduction

Global apple production has increased in the last decade
by 38% from 55 to 76 million tonnes (http://www.fao.org/
faostat), while average annual production of apples in the
EU, estimated to be 10 million tonnes, is harvested mostly
in the countries which specialise in their production, i.e.
Poland, France, Italy and Germany (European Commission,
2014). Apples are mostly utilised in the production of juice,
fruit wine, cider, spirit and vinegar, and the remaining off-
product, i.e. apple pomace, is microbiologically unstable.
This causes a problem, because large amounts of pomace
that are produced in a short time, have to be dried, pressed,
or ensilaged in order to be further utilised (Fronc and
Nawirska, 1994). Such preserved pomace consisting of
seeds, petioles, flesh with peel and husk, and seed nests,
constitutes a heterogeneous fraction, which is a rich source
of many compounds, such as protein, minerals, fibre, lipids,
vitamins, phyto-compounds including polyphenols, etc.
(Fronc and Nawirska, 1994; Waldbauer et al., 2017). The
ease of acquiring this off-product, its low cost and the

presence of many of the above-mentioned nutrients, health-
promoting and bioactive substances make it an attractive
material for further conversion (e.g. drying). Up to now,
the most common uses of apple pomace have covered the
production of feed for farm animals, biofuels and biogas,
pectins, dyes, etc. (Tarko et al., 2012). Considering the
fact that dried apple pomace is an excellent source of
dietary fibre with preferably balanced soluble and insoluble
fractions (1:2) (McKee and Latner, 2000), the resulting fibre
preparations have been used for the production of wheat
products (breads and cakes). However, attention should be
paid to the second component, i.e. bioactive compounds
from the group of polyphenols, which are an integral part
of the fibre and reveal a pro-health character. Polyphenols
have anti-inflammatory, anti-allergic, antithrombotic,
antiviral and anti-carcinogenic properties. Many properties
of phenolic acids and flavonoids result mainly from their
antioxidant functions and the ability to modify enzymes
responsible for immunological activity, carcinogenesis
and cellular transformations (Mink et al., 2007; Yokohira
et al., 2008). Therefore, the use of dried apple pomace for
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the biofortification of wheat bread is highly justified. The
purpose of this work is to analyse the effect of different
levels of the additive (5, 10, 15%) of whole and ground
pomace on the chemical composition and the content of
pro-health ingredients (fibre and polyphenols) of wheat
bread. In addition, the analysis of the impact of the above
mentioned additive on physical characteristics and sensory
evaluation of wheat bread was performed.

2. Materials and methods
Materials

Materials consisted of wheat bread samples with a varying
share of apple pomace. They were evaluated in terms of
the content of nutritional components, the content of
dietary fibre, the content of bioactive components, as well
as physical characteristics and sensory evaluation. The
characteristics of apple pomace as an additive is presented
in Table 1.

Methods
Bread preparation

Bread was baked with wheat flour (PZZ Krakéw, Krakow,
Poland), yeast Saf-instant (Lesaffre, Marcq-en-Baroeul,
France), salt (commercial) and whole or milled apple
pomace (ZPOW HORTINO Lezajsk sp. z o.0., Lezajsk,
Poland). Basic formulation contained 700 g of wheat flour,
31 gyeast, 10.5 g salt and water (its addition was adjusted
for each dough, so as to obtain the same farinographic
consistency as for control dough). It was modified by
replacing 5, 10 and 15% wheat flour with an equivalent

Table 1. Characteristics of apple pomace.

Apple pomace

Protein (g/100 g) 52
Total sugar (g/100 g) 423
Ash (g/100 g) 1.17

Total dietary fibre (g/100 g) 449
Soluble dietary fibre (g/100 g) 11.9
Insoluble dietary fibre (g/100 g) 43
Content of polyphenols (mg catechin/g dm) (without F-C reagent)!

Total flavonoids content (mg rutin/g dm)

Content of phenolic acids (mg ferulic acid/g dm)

Content of flavonols (mg quercetin/g dm)

Content of anthocyanins (mg cyanidin-3-glucoside/g dm)

TEAC? [uMTx/kg dm]

Water holding capacity (g/g)

mass of apple pomace (in the case of whole apple pomace, it
was first soaked with water at 20 °C for 90 minutes, drained
on the sieve, and then added to the other constituents of
the dough). The dough was prepared by a straight method,
i.e. all ingredients were combined together for 10 minutes
in a spiral mixer SP 12 (Diosna, Osnabriick, Germany).
Then it was fermented in bulk for 20 minutes at 33 °C,
80% relative humidity, divided into 250 g portions, formed
and left in metal pans for final fermentation which was
continued under the above mentioned conditions for 30
minutes. Baking was performed in an electric oven MIWE
Condo type CO 2 0608 (MIWE Michael Wenz GmbH,
Arnstein, Germany), for 30 minutes at 230 °C. Baked loaves
were removed from pans, weighted, cooled at ambient
temperature for 90 minutes, reweighted and analysed or
stored in polyethylene bags at 22+2 °C for further analyses.
Each formulation was baked in two independent batches
consisting of 7 loaves in each batch.

Chemical evaluation

The following analyses were performed on each sample of

wheat breads with a share of apple pomace (additionally

in apple pomace):

1. Chemical composition
Content of basic nutritional components was performed
by the methods of AOAC (2006). Protein (Nx5.7) was
determined by Kjeldahl method (AOAC No. 950.36,
using the extraction system Biichi B324; Biichi
Labortechnik, Flawil, Switzerland), total carbohydrates
by AOAC No 974.06, fat by Soxhlet method (AOAC No
953.38, using the Biichi B811), and ash by AOAC No
923.03. The content of non-starch polysaccharides, i.e.
total, soluble and insoluble dietary fibre, was determined

Whole apple pomace Milled apple pomace

4.03 5.27
3.21 3.92
0.09 0.14
0.08 0.13
0.17 0.24
39.12 45.34
5.12 3.38

1 F-C = Folin-Ciocalteu.
2TEAC = Trolox equivalent antioxidant capacity.
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by the method 32-07 of AACCI (2012). Each of the above
mentioned determinations was repeated twice.

2. Antioxidant constituents
Antiradical activity was determined in the ethanol
extracts. 0.6 g of the sample was dissolved in 30 cm?
80% ethanol, shaken in darkness for 120 minutes (electric
shaker type WB22; Memmert, Schwabach, Germany),
and centrifuged (15 minutes, 4,000 rpm, in centrifuge
type MPW-350; MPW MED. Instruments, Warsaw,
Poland). The supernatant was decanted and stored at
-20 °C for further analyses.
Determination of total polyphenols content (TPC)
was done by two spectrophotometric methods: (1)
using Folin-Ciocalteu reagent, according to Singleton
et al. (1999); and (2) without using Folin-Ciocalteu,
according to Mazza et al. (1999), with the modification
of Oomah et al. (2005). The content of phenolic acids,
flavonols and anthocyanins was measured using a
spectrophotometrical method, according to Mazza
et al. (1999), with the modification of Oomah et al.
(2005). The content of flavonoids was evaluated using
a spectrophotometrical method, according to El Hariri
etal. (1991).

Additionally antiradical activity was assessed using
analytical methods with ABTS (2,2’-azino-bis(3-
ethylobenzothiazoline-6-sulphonic acid)-diamonium
salt) (Re et al., 1999). Results of antiradical activity were
expressed as TEAC (trolox equivalent antioxidant capacity;
uMTx/kg dry mass of sample). Each of the above mentioned
determinations was repeated four times.

Water holding capacity of apple pomace

Water holding capacity was determined using the method
proposed by Stojceska et al. (2008). A centrifugal tube with
3 g sample was filled with 50 cm? of distilled water and
left for 90 minutes at ambient temperature. Samples were
centrifuged for 5 minutes at 4,000 rpm. Mass of sediment
was used to determine water holding capacity of apple
pomace. Each of the above mentioned determinations was
repeated four times.

Bread volume, oven loss, baking loss

Bread volume and height were measured with the use of
Volscan Profiler (Stable Micro Systems, Godalming, UK).
Oven loss (during baking) and total baking loss (during
baking and cooling) was calculated according to Korus et
al. (2006). Each of the above mentioned determinations was
done on 10 samples acquired in two independent batches
(5 loaves in each batch).

Bread with apple pomace

Texture profile analysis of bread crumb

Texture profile analysis of bread crumb of one loaf from
each batch was performed, using texture analyzer TA-
XT2plus (Stable Micro Systems), according to the standard
program, at the compression rate of 5 mm/s. A sample
of bread crumb, taken from the centre of the loaf with a
height of 2 cm (and diameter of 1.5 cm) was pressed to
reach 50% deformation by a P/20 aluminium cylinder probe
with a diameter of 2 cm, in two cycles with a 5s delay. Two
independent measurements were done for each loaf. The
resulting hardness and cohesiveness of the crumb were
used as indicators of textural changes during storage. The
calculations were performed using the attached software
Texture Exponent (Stable Micro Systems). The analysis
were performed after 2, 24 and 48 hours after baking. The
measurements were done on four samples acquired in two
independent batches (2 samples from each batch).

Sensory evaluation

Sensory evaluation was carried out according to the Polish
Standard PN-A-74108: 1996 (PKN, 1996) by a group of 12
panellists, who considered the following characteristics
of the product: appearance (maximum score: 5 points),
crust colour (3 points) and thickness (4 points), crumb
elasticity (4 points) and porosity (3 points), smell and taste
(6 points) and also other features of crust (concerning
proper or improper crust formation, presence of fractures
and air bubbles; 4 points) and other features of crumb
(concerning uniform colour, dryness or moistness, its
adhesion to crust and slicing ability; 3 points). Analyses
were done in a laboratory designed and equipped with
respect to PN-ISO 8589: 1998 (PKN, 1998).

Statistical analysis

The experimental data were subjected to analysis of variance
(Duncan’s test), at the confidence level of 0.05, by the use of
software Statistica v. 8.0 (Statsoft, Inc., Tulsa, OK., USA). All
measurements were done at least in duplicate (the number
of replicates for each determination has been mentioned
above). Correlation coefficient was determined with the
use of Statistica 8.0PL software.

3. Results and discussion

The influence of apple pomace on chemical composition
of wheat breads

Basic chemical composition of bread with milled and
whole pomace is shown in Table 2. It could be observed
that the content of protein in breads with the addition of
pomace varied in the range 13.1-14.4% (around the average
determined for control), but the observed changes were
quite random. Total fat in bread containing milled and
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whole pomace decreased in comparison to control by
20-29%, except for bread containing 5% milled pomace,
where the level of fat was not changed significantly. The
content of ash increased in bread with 5% of milled and
10% whole pomace, while in other samples it was not
changed in comparison to control. On the other hand,
total sugar content decreased in bread supplemented
with apple pomace as compared to control in the range
8-35%. As it could be expected from the fact that apple
pomace is mainly composed of dietary fibre, the addition
of this by-product caused a significant rise in the level
of fibre fractions in bread, as compared to control. This
increase reached 118-210; 100-250; 107-240% for soluble
(SDE), insoluble (IDF) and total dietary fibre (TDF),
respectively (Table 2). Such a change is important because of
hypocholesterolemic, hypoglycemic and anticancer effects
on humans. Epidemiological studies suggest correlations
between the decline in the consumption of the dietary fibre,
and the increase in gastrointestinal disease (Mendeloff,
1987), hypercholesterolemia (Tinker ez al., 1991) and
colorectal cancer (Cassidy et al., 1994). In addition, the
introduction of fibre with very favourable proportions
(soluble to insoluble ratio 1:2) such as apple fibre is an
additional advantage, because it will guarantee the pro-
health nature of products with its participation.

Reis et al. (2012) also reported an increase in TDF in
the range of 53 to 127% in baked products with 10-30%
apple pomace in comparison to the control. According to
Rupasinghe et al. (2008) wheat muffins with the share of
8-24% apple skin powder were characterised by a higher
insoluble fibre content (on average by 85%) compared to
control. In the case of soluble fibre and total fibre fraction,
the amount of this component was 11 and 6 times higher
in relation to the control, respectively. In the study on
bread with banana peels, there was a 2-fold increase in
TDF compared to control (Sodchit et al., 2013). And in the
case of grape pomace, the TDF and SDF levels increased 2

times and the IDF 3 times compared to the control (Martins
et al, 2017).

Considering the content of ash and fat in baked products
with apple pomace Reis et al. (2012) observed no changes
of these components compared to control, in contrast to
the protein content which decreased. Also in research by
Rupasinghe et al. (2008) regarding wheat muffins with
8-24% apple skin powder, the share of this additive did not
affect the fat and ash content but decreased the protein
content. On the other hand, in breads with banana peels
(5 and 10%) there was an increase in protein (by 11%), fat
(by 20%) and a 3-fold increase in ash, and a decrease in
carbohydrates (2-fold) in relation to control (Sodchit et
al., 2013). In the case of bread from capuassu peels (3-9%),
there was no change in protein content, a slight decrease
in carbohydrates and a slight increase in fat and ash with
regard to control (Salgado et al., 2011).

The influence of apple pomace on bioactive compounds

Taking into account polyphenols, it was found that their
contents increased significantly in breads with the use
of apple pomace in comparison to the control (Table 3).
Regardless of the form in which the additive was used
(whole or ground apple pomace), the amount of polyphenols
increased by 55, 106 and 127% in breads with a share of
5,10 and 15% of the above-mentioned additive in relation
to the control (Table 3). The total content of polyphenols
determined by spectrophotometric method using the
Folin-Ciocalteu reagent is a value useful for correlating
the content of phenolic compounds with their antiradical
activity, although according to many authors (Gallardo et
al., 2006; Shahidi and Naczk, 1995) the results obtained by
this method may be biased, because Folin-Ciocalteu reagent
may interact not only with polyphenols, but also with other
compounds, e.g. vitamin C, some alkaloids, amino acids,
proteins, polysaccharides, and organic acids. Therefore,

Table 2. Chemical composition of wheat bread with a share of apple pomace (g/100 g d.m.)."2

Samples Content of Contentof fat  Content of ash
protein
Control 13.63+0.15b 2.16+0.08¢c 2.26+0.03a
B5W 14.370.04d 1.72+0.08b 2.30+0.02a
B5M 13.59+0.05b 2.04+0.04c 2.39+0.01c
B10W 14.24+0c 1.70£0.10b 2.40£0.01c
B10M 13.1940.03a 1.60+0.04b 2.28+0.02a
B15W 13.71£0.03b 1.53+0.08a 2.35+0.01ab
B15M 13.76+0.15b 1.64+0b 2.34+0ab

Content of total Insoluble dietary Soluble dietary  Total dietary
sugars fibre fibre fibre
2.03+0.02f 2.92+0.03a 1.02+0.01a 3.94+0.02a
1.87+0.03e 5.90+0.06b 2.28+0.05b 8.18+0.02b
14520 b 6.08+0.02¢c 2.23+0.01b 8.31£0.01c
1.61£0.01d 8.06+0.02d 2.78+0.08¢c 10.84+0.09d
1.35+0.02a 8.18+0.05e 2.76+0.03c 10.94+0.02d
1.53+0c 9.93+0.02f 3.01+0.02d 12.95+0.04e
1.32+0a 10.19£0.029 3.16+0.02d 13.3520.04f

1 Presented data are mean values + standard deviation (values followed by the same letters in particular columns are not significant different at 0.05

level of confidence).

2 Control = control bread; B5SW = wheat bread with a share of 5% whole apple pomace; B5M = wheat bread with a share of 5% milled apple pomace; etc.
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the total polyphenol content was also determined using
the method without Folin-Ciocalteu reagent according
to Mazza et al. (1999) with the modification of Oomah et
al. (2005). It was found that the content of polyphenols,
determined using the method without Folin-Ciocalteu
reagent, increased significantly in the range from 39 to
280% in wheat breads with apple pomace in comparison
to the control (Table 3). It could also be observed that the
level of polyphenols determined by this method in the
loaves produced with the use of whole pomace was on
average 16% higher in comparison to one found in bread
manufactured with milled pomace (Table 3). Taking into
account the fact, that the content of polyphenols in the
whole pomace was lower than in the milled pomace (Table
1), it should be noticed that the whole, non-milled apple
pomace used in bread formulations could form a natural
protective layer for polyphenols (maybe also for nitrogen
compounds, as it was observed while discussing changes in
protein level). Although many authors (Alvarez-Jubete et al,
2010; Zielinski et al., 2009) reports the loss of polyphenols
during baking, its extent could be influenced by the form in
which they are introduced to bread formulation. In this case
thermal degradation was greater when they were added in
the milled form, probably because they were more exposed
to contact with hot air.

Wheat bread with apple pomace was characterised by
a higher content of phenolic acids by 131% on average
compared to the control, except for those with 5 and 10%
milled pomace. At the same time, it was noticed that the use
of whole pomace guarantees higher content of polyphenols
and phenolic acids in the analysed material (Table 3). In
contrast the content of two flavonoid fractions, i.e. flavonols
and anthocyanins, increased in wheat breads especially after
using milled pomace. On the other hand, bread with whole

Bread with apple pomace

pomace was characterised by a higher content of flavonoids
compared to bread with milled pomace and control (Table
3). These discrepancies should be explained by the fact
that in this work, only the flavonols and anthocyanins have
been labelled as markers of the whole range of flavonoids.
It can therefore be suggested that the remaining flavonoid
fractions could have been greater after using unmilled
pomace in baked bread, which resulted in a higher content
of total flavonoids and polyphenols in these breads in
relation to wheat bread in which milled apple pomace
was applied. It should also be added as it has already been
mentioned, that whole apple pomace constitutes a specific
protective barrier for bioactive substances, which prevents
excessive losses during baking.

According to Zielinski et al. (2009) and Alvarez-Jubete et al.
(2010) the loss of phenolic compounds during baking could
reach even 60%, due to thermal, oxidative and enzymatic
degradations (Alvarez-Jubete et al., 2010). Anthocyanins
are most susceptible to degradation during thermal
treatment, and their loss depends on: processing time,
temperature, pH, presence of enzymes such as polyphenol
oxidase (Alvarez-Jubete et al., 2010) Despite of these losses
during baking the introduction of apple pomace resulted in
an increase of phenolic compounds in wheat bread. This
observation should be explained by high concentration of
phenolic compounds in the pomace (Table 1). Similarly
in the experiments of Smith and Yu (2015) concerning
bread containing different quantities of grape pomace
an increase in total phenolic content could be observed.
Similar studies of Hoye and Ross (2011) proved that bread
with 10% grape seed flour was characterised with higher
TPC than control. In the study of Reis et al. (2012) on
bread with apple pomace an increase in TPC, flavonoids
and anthocyanins was 175, 192, and 115% respectively as

Table 3. Content of polyphenolic compounds and antiradical activity of wheat bread with a share of apple pomace.'23

Samples Total polifenolic Total Content of
content (mg flavonoids polyphenols (mg
catechin/g dm) content (mg catechin/g dm)
(with F-C reagent) rutin/g dm) (without F-C reagent)

Control  0.29+0.06a 0.07+0.02a 0.082+0.002a

B5W 0.45+0.03b 0.21£0.01d 0.179+0.006¢

B5M 0.45+0.04b 0.07+0a 0.114+0.001b

B10W  0.60+0.02¢c 0.36+0.02e 0.294+0.004f

B1OM  0.62+0c 0.07+0c 0.269+0.004d

B15W  0.68+0.02d 0.11£0.04ab 0.312+0.003g

B15M  0.64+0.04cd 0.10+0.04a 0.281+0.003e

Content of Content of Content of TEAC [uMTx/
phenolic acids flavonols (mg anthocyanins kg dm]

(mg ferulic quercetin/g dm)  (mg cyanidin-3-

acid/g dm) glucoside/g dm)

0.012+0c 0+0a 0.010+0a 7.80+0a
0.017+0.001d  0.001+0b 0.026+0.003b 18.97+0.08¢c
0.006+0a 0.018+0.002d 0.042+0.003¢c 17.37£0.1b
0.026+0.003e  0.012+0.002c 0.034+0.005¢ 22.17+0e
0.007+0b 0.021+0.003de ~ 0.104+0.003e 19.77+0.13d
0.036+0.004f  0.035+0.004g 0.072+0d 24.57+0.05f
0.031+0.002f  0.024+0.002f 0.143+0.010f 25.37+0g

1 Presented data are mean values + standard deviation (values followed by the same letters in particular columns are not significant different at 0.05

level of confidence).

2 Control = control bread; B5SW = wheat bread with a share of 5% whole apple pomace; B5M = wheat bread with a share of 5% milled apple pomace; etc.
3 F-C = Folin-Ciocalteu; TEAC = Trolox equivalent antioxidant capacity; Tx = Trolox.
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compared to control. Altunkaya et al. (2013) observed an
increase in TPC with bread with pomegranate peel powder,
which was parallel to the increase in antioxidant activity of
the product in comparison to control. Analogical tendency
was observed in our analyses. The increase of antioxidant
activity was in range 171-217% in bread with a share of
apple pomace (Table 3). Chang et al. (2015) observed
an increase in TPC in the range 41-50% in bread with
lemon pomace fibre, which was accompanied with 6-32%
increase of antioxidant activity in comparison to control.
High antioxidant activity of bread with apple pomace in
comparison to standard was also confirmed in the study
of Reis et al. (2012). The correlation coefficients between
total phenolic content (TPC with Folin-Ciocalteu reagent)
and ABTS, content of flavonoids and ABTS, content of
anthocyanins and ABTS determined in bread samples
equalled: 0.93; 0.11; 0.67 respectively. It should be stressed
that some discrepancies between the reported results could
be caused by the products of Maillard’s reaction, which
have significant influence on antioxidant activity of bread.

The influence of apple pomace on physical properties of
wheat breads

Basic technological indices of control wheat bread and
wheat breads with a share of whole and milled apple pomace
are presented in Table 4.

The addition of apple pomace to wheat bread caused an
increase in moisture content of the crumb from 5.8% (in
the case of 5% share of whole pomace) to 19.2% (15%
share of milled pomace) (Table 4). The same relationship
was observed by Baca et al. (2011) who examined breads
with the addition of apple fibre, and by Reis et al. (2012)
who studied bread with apple pomace. Parallel increase in
moisture was also recorded in bread from capuassu peels
(3-9%) (Salgado et al., 2011). On the other hand, in breads
with banana peels (5 and 10%), the increase in moisture
was 3 times in relation to control (Sodchit et al., 2013).

The increase in the moisture content of breads with the
participation of apple pomace is explained by the high
water-binding capacity of dietary fibre, which is a valuable
component of this pomace. Hydration capacity of fibre
depends strongly on its botanical origin and composition, so
the amount of water which could be bound by one gram of
fibre ranges from 3 to 10 grams (Raghavendra et al., 2006).
The crumb of bread with milled pomace tended to be more
moist in comparison to the loaves with non-milled pomace,
although the significant difference was observed only at
the highest level of addition (15%). It could again reflect
the non-uniformity of the samples. The crumb taken from
loaves containing milled pomace contained more hydrated
parts of pomace while one isolated from loaves with whole
pomace contained less pomace which was also less hydrated
during dough preparation and baking.

Apple pomace significantly affected bread volume, which
decreased by 13.2-41.9% in the case of bread with milled
pomace and 3.5-22.8% in the case of bread with whole
pomace (Table 4). The decrease in bread volume together
with the increase in the share of apple pomace in bread was
also observed by Wojciechowicz and Gil (2009). Baca et al.
(2011) also found such dependence in bread with apple
fibre. The addition of milled pomace caused more decrease
in volume of the loaves in comparison to the same addition
of whole pomace. This observation agrees with earlier
reports on wheat-rye bread (90%-10%) with an addition
of whole and milled seeds of legumes (Achremowicz et
al., 2000). Such result was due to the presence of a large
number of small particles which could mechanically
interrupt formation of gluten network, responsible for
internal structure of wheat bread. Similar dependence
was not found for rye-wheat bread (70%-30%) because
its structure is formed mainly by starch and pentosans
(hydrocolloids) and not gluten proteins (Korus et al., 2002).

The dilution of gluten and interactions between gluten
and fibre (TDF) from apple pomace result in weakening

Table 4. Physical properties of wheat bread with a share of apple pomace.'-2

Samples Moisture (%)

Control 43.00+0.83a 731.67+22.90f
B5W 45.49+1.07b 706.25+10.61e
B5M 46.86+0.50bc 635.00+42.03d
B10OW 47.12+1.07bc 616.25+16.20cd
B10M 48.73+0.72bc 607.50+2.89¢c
B15W 48.37+0.47¢c 565.00+20.70b
B15M 51.24+0.07d 425.00+10.80a

Volume of bread (cm?)

Oven loss (%) Baking loss (%)

12.80+0.47¢ 15.60+0.49bc
12.85+0.33¢ 16.04+0.42¢
12.14+0.10b 14.81+0.38a
11.69+0.28a 14.70+0.32a
13.04+0.33¢ 15.55+0.47b
11.98+0.31ab 14.84+0.47a
14.19+0.53d 16.60+0.59d

1 Presented data are mean values + standard deviation (values followed by the same letters in particular columns are not significant different at 0.05

level of confidence).

2 Control = control bread; B5SW = wheat bread with a share of 5% whole apple pomace; B5M = wheat bread with a share of 5% milled apple pomace; etc.
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of gluten network in wheat bread (Chen et al., 1988) which
has consequences in bread structure and impairs CO,
retention. It could be observed that wheat bread with milled
apple pomace contains high levels of TDF, which is the
main reason for a decrease of their volume (Table 2 and 4)
confirming the results of earlier works (Chen et al., 1988;
Pomeranz et al., 1977; Wu and Shiau, 2015).

The oven loss characterising bread with a share of whole
apple pomace was reduced by 6.4-8.7% in comparison to
control. On the other hand, 2.6% increase of total baking loss
could be observed after 5% addition of whole pomace, while
at higher levels of its additions this parameter decreased by
4.9-5.8% in comparison to control (with exception of bread
with a share of 15% milled apple pomace). In bread with
5% addition of milled pomace, oven loss and total baking
loss decreased by 3.1 and 5%, respectively, while at larger
addition levels the parameters increased by 1.9-10.9% (oven
loss) and by 6.4% (total baking loss). Only the bread with
10% addition of milled pomace was characterised by the
total loss practically unchanged in comparison to control
(Table 4). The values of oven loss and baking loss were in
most cases larger in the cases of bread with milled pomace
as compared to the loaves with whole pomace, although
the moisture content measured two hours after baking was
also higher in the first case. The smaller values of both loss
indices determined for bread with whole pomace could be
due to a fact that larger parts of fibre could absorb more
water than small fragments, and the absorbed water is less
likely to migrate during baking period. This is confirmed by
the values of water holding capacity (whole pomace: 5,12 g/g
water, milled pomace: 3,38 g/g water; Table 1), and further
supported by the results of the study on bread containing
grasspea (Lathyrus sativus) seeds, in which the increase
in moisture content on the last day of storage could be
observed, contrary to the samples with no seeds or milled
seeds(Korus et al., 2002). The observed phenomenon was
explained by the migration of water absorbed by the seeds
to the crumb.

Bread with apple pomace

Table 5 shows bread quality levels, calculated on the basis
of the score obtained from the organoleptic assessment, the
bread quality levels by PN-A-74108: 1996. Control bread
and all breads with the use of whole apple pomace, both
in the amount of 5, 10 and 15% were classified as I quality
class. Breads with 5 and 10% share of milled pomace were
assigned to the second class, while bread with 15% share
to the third quality class. Similar relations were obtained
by Baca et al. (2011) examining breads with the addition
of apple fibre, where the increase in the fibre level resulted
in lowering the organoleptic evaluation of the bread. The
bread with 10% share of apple pomace was in the second
quality class, while the one with the largest share (15%) was
unacceptable due to significant reduction of the volume
of loaves, compact, hard crumb, dark colour of the bread
and its bitter taste (Table 5; Figure 1). However, the best
assessment was given to bread with 5% addition of whole
pomace, because it was characterised by the best overall
appearance, crust colour and elastic crumb of all breads
with pomace and was comparable to the control. The above
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Figure 1. Hardness of wheat bread with a share of apple pomace
(Control = control bread; BSW = wheat bread with a share of
5% whole apple pomace; B5M = wheat bread with a share of
5% milled apple pomace; etc.; OD = day of baking; 1D, 2D =
1, 2 days after baking). Statistical analysis was calculated
separately for each day.

Table 5. Sensory evaluation of wheat bread with a share of apple pomace.!

Samples The level of Appearance Colour of Crust

Other features Elasticity of Porosity of Other features Smell and

quality of bread crust thickness of crust crumb crumb of crumb taste
Control | 4.95 3 35 3.5 3.7 25 28 5.6
B5W | 5 2.75 319 3.9 3.8 29 23 54
B5M I 44 22 3.2 35 29 25 24 5.1
B10OW | 44 2.75 3.8 3.8 38 27 23 5.1
B10M I 44 24 35 33 29 1.7 24 4.5
B15W | 43 29 3.8 32 815 25 23 52
B15M Il 0.7 1.6 1.8 29 2.1 1.7 1.7 4.9

1 Control = control bread; B5W = wheat bread with a share of 5% whole apple pomace; B5M = wheat bread with a share of 5% milled apple pomace; etc.
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mentioned bread had the best porosity of all analysed loaves,
and its taste and smell were not worse than the control
(Table 5). In the studies of Massodi and Chauchan (1998)
and He and Lu (2015) concerning wheat bread with apple
pomace, it was also observed that the sensory evaluation
was correlated inversely to the quantitative share of apple
pomace in these breads.

Hardness of the crumb is the most frequently determined
texture parameter of bread, because it is recognised as the
main indicator of its freshness. It is usually defined as the
maximum force occurring during the first pressing of the
crumb (Romankiewicz et al., 2014). Hardness depends
on many factors, such as chemical composition of the
samples, technological processing, storage conditions. Even
amylose/amylopectin ratio may contribute to overall bread
texture (Schiraldi and Fessas, 2000). According to Gomez
et al. (2003) hardness could be significantly influenced by
the interactions of gluten with TDF originating from the
additive and water absorption properties of the fibre, in
our case the apple pomace. The results showed that only
5% addition of whole and milled apple pomace did not
significantly increase the hardness of the bread on the day
of baking (Figure 1). Higher levels of addition resulted in
a significant increase in hardness, and in the case of 15%
share of milled apple pomace, the hardness of bread was
more than four times higher than that of the control bread
(Figure 1). Hardness of all tested bread samples increased
during storage. Only the hardness of bread with 5% share
of milled pomace and 5% share of whole pomace did not
increase significantly after one day of storage compared to
the hardness on the day of baking. After two days of storage
a significant increase in hardness was not observed only in
the case of bread with 5% whole pomace. In addition, this
bread was characterised by significantly lower hardness
both after one and two days of storage compared to the
control bread (Figure 1). Taking into account hardness of
loaves with milled pomace it could be observed that its
values were larger on the day of baking and throughout the
whole storage period in comparison to those characterising
bread with whole pomace (with the exception of 10%
addition level). It could probably be explained by the fact
that parts of whole apple pomace absorb more water than
the milled fragments (Table 1) which reduces the resulting
hardness of bread crumb. As it was already mentioned
whole pomace could release the absorbed water to adjacent
crumb throughout the whole storage period which could
inversely affect its hardness.

According to Jung et al. (2015), cookies with 15 and 20% of
apple were characterised by a slight decrease in hardness
compared to the control. Also Min et al. (2010) observed
that 10-30% apple pomace additive caused a significant
decrease in the hardness of cookies in relation to the control.
On the other hand an increase in hardness corresponding
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Figure 2. Cohesiveness of wheat bread with a share of apple
pomace (Control = control bread; B5SW = wheat bread with a
share of 5% whole apple pomace; B5M = wheat bread with a
share of 5% milled apple pomace; etc.; OD = day of baking; 1D,
2D =1, 2 day after baking). Statistical analysis was calculated
separately for each day.

to the additive was noticed by Chang et al. (2015), in the
studies concerning bread with lemon pomace fibre.

Almost all the loaves did not differ significantly among
themselves in terms of second significant textural parameter,
i.e. cohesiveness. The exception was bread with 15% share
of milled pomace, which revealed the lowest value of this
parameter (Figure 2). On consecutive days of storage, this
cohesiveness significantly decreased in comparison to the
previous day in all cases. The exception was again the bread
with 15% milled pomace, in which, after the first day, the
cohesiveness did not significantly diminish, but after the
second day it significantly decreased (Figure 2). After two
days of storage the bread with 5% and 10% share of milled
pomace and with 5% share of whole pomace was slightly
more cohesive than control, while bread with 15% share of
powdered pomace revealed the lowest cohesiveness, which
was slightly different from the control (Figure 2).

4. Conclusions

Among all analysed samples, the wheat bread with a share
of 5% whole pomace received the best scores. This was the
result of several factors: good volume, small baking loss,
low crumb hardness in comparison to control on the day
of baking (though hardness increased during storage, it
was still lower than control), and significant level of protein
and total sugar.

Although 5% addition of pomace did not guarantee such an
increase of bioactive compounds as other applied levels, it
caused an increase in TPC, flavonoids and anthocyanins by
55,200 and 160% as compared to control, respectively. At
the same time it caused a significant increase of antioxidant
activity.
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The addition of 5% whole apple pomace to wheat bread
could be advised on industrial scale because of high
consumer acceptance of such products.
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