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Abstract: In recent years, there has been an increase in consumer interest in functional foods enriched
with health-promoting ingredients, which include dietary fiber. Therefore, the present study inves-
tigated the functional properties of fruit fiber preparations, i.e., cocoa, chokeberry, and apple fiber
preparations, then designed wheat bakery products, kaiser rolls, with these fibers and evaluated the
designed products. The fiber preparations selected for the study were evaluated for water binding
properties (WHC), solubility (WSI), total polyphenol content, and antioxidant activity using a spec-
trophotometric method. In the designed bakery products, the weight losses occurring during baking
were determined, specific mass, and hardness were evaluated, and sensory evaluation was carried out
using a descriptive method. The tested fiber preparations showed varying water solubility, ranging
from approximately 17% for cocoa fiber to approximately 30% for chokeberry one. The highest
values, both in polyphenol content and antioxidant properties, were characteristic for chokeberry
fiber, at 7.0 mg GAE/1 g and 10.1 Trolox/100 g, respectively, while the lowest values were for apple
fiber (1.6 mg GAE/1 g, 3.6 Trolox/100 g). Baked products, kaiser rolls, with the proportion of the
tested preparations at a lower addition level (3% flour replacement) had more favorable sensory
characteristics than those containing a higher proportion of fiber (6% flour replacement). Considering
all the tested fiber preparations, the rolls with the addition of chokeberry fiber preparation were
the most favorable in terms of sensory characteristics. As the proportion of apple and cocoa fiber
preparations in the rolls increased, the hardness and intensity of the bitter taste also increased. The
designed bakery products could be a valuable addition to the assortment of semi-confectionery
breads (yeast doughs), where the unfavorable bitter taste could be masked by the addition of, e.g.,
dried fruits (cranberries, raisins), nuts, sunflower seeds, or fruit filling.

Keywords: cocoa fiber preparation; apple fiber preparation; chokeberry fiber preparation; antyokxi-
dant properties; polyphenol content; food design; kaiser rolls; high fiber content

1. Introduction

In recent years, the production and consumption of highly processed foods, poor
in fiber, which is a valuable food component that affects metabolism and physiological
processes in the human body, has increased significantly [1]. Health benefits associated with
consuming dietary fiber include preventing constipation, improving intestinal peristalsis,
preventing colon cancer [2]. In addition, fruit fibers can be a good source of antioxidants in
the diet [3]. Usually, fruit fibers are obtained from pomace (post-production waste in the
fruit industry), which is a valuable source of nutrients and bioactive components, such as
vitamin C, minerals, pectin, saccharides, as well as aromatic and color compounds [4]. The
most commonly produced fruit fibers are preparations obtained from chokeberries, apples,
cranberries and cocoa fibers. Chokeberry pomace, the residue of juice production, is rich in
bioactive secondary plant metabolites, compounds with the character of polyphenols [5].
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They are characterized by a high content of anthocyanins, flavones, phenolic acids, and
tannins [6]. Apple pomace, formed during the processing of fruit into beverages, cider,
juices, or wine, is rich in pectin, which exhibits health-promoting properties, including
inhibiting the absorption of toxic lead compounds from food and participating in the
regulation of blood cholesterol levels [7,8]. Roasted cocoa husk, a waste product from
the chocolate industry, is used to obtain a fiber preparation with high antioxidant proper-
ties [9]. Cocoa fiber contains theobromine, the main alkaloid found in cocoa, which exhibits
stimulating properties, improves concentration, and reduces feelings of exhaustion [10].
This fiber prevents food from drying out quickly due to its high binding properties for
both water and fat [9,11]. The use of fruit fibers in food technology contribute primarily
to increasing the amount of dietary fiber in the diet, but also to enriching the diet with
bioactive compounds [12].

There is a lot of research in the literature [13–15] on the use of fiber preparations
in food design. Most often, these studies concern the use of fiber obtained from cereals,
and to a lesser extent, fruit fibers. The available data most often concern the use of fibers
in the development of cereal products, such as pasta, cakes, or bread, and to a lesser
extent, the type of kaiser rolls, which are the subject of current study. The literature
review shows [16–19] that there is a great interest among scientists in the use of waste
products from the food industry as valuable food components rich in dietary fiber and
bioactive ingredients. In recent years, fruit and vegetable pomace, processed as low aw
fiber preparations, obtained by drying and grinding, has been enjoying great popularity.
There are various forms of fiber preparations on the market. Preparations are available in
the form of granules, seeds, hulls, shells or grains, as well as in bulk form in the form of
powder [20,21].

Taking the above into account, the present study investigated the functional properties
of fruit fiber preparations in the form of powder, i.e., cocoa, chokeberry, and apple fibers
preparations, and examined the possibility of developing bakery products, specifically
kaiser rolls, very popular among consumers, enriched with these preparations at two levels
of additive, i.e., 3% and 6%.

2. Materials and Methods
2.1. Materials

The material for the study consisted of fruit fiber preparations, i.e., chokeberry fiber,
apple fiber, and cocoa fiber preparations purchased from the local market (Table 1).

Table 1. Energy value (kcal/100 g) and nutrient and salt content (g/100 g) of the tested fiber
preparations (according to the manufacturer).

Type of Fiber
Preparation Energy Value Fat (Including

Saturated Fatty Acids)
Carbohydrates

(Including Sugars) Fiber Protein Salt

Chokeberry 251 4.25 (0.0) 16.9 (7.0) 57.8 7.2 <0.01

Apple 293 3.7 (0.7) 29 (<1) 60.0 7.0 <0.1

Cocoa 269 6.0 (1.7) 0.7 (<0.2) 72.0 17.0 <0.1

The formulation of rolls with the addition of the above-mentioned preparations was
based on the exchange of flour in the amount of 3% and 6% for individual fiber preparations
(Table 2).
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Table 2. Composition of recipe (%) of wheat dough in the form of rolls enriched with studied fiber
preparations.

Formulation
Ingredient

Basic
Recipe

3% Addition of a
Fiber Preparation

6% Addition of Fiber
Preparation

Wheat flour type 450 60 57 54

Water 25 25 25

Instant yeast 1 1 1

Sugar 1 1 1

Salt 1 1 1

Eggs 8 8 8

Butter, 82% fat content 5 5 5

Fiber preparation - 3 6

2.2. Methods
2.2.1. Water Activity (aw)

The aw value was measured using a manual AquaLab Water Activity Meter (Decagon
Devices, Inc., Pullman, WA, USA).

2.2.2. The Water Holding Capacity (WHC)

The water holding capacity (WHC) was determined according to the procedure de-
scribed by Sudha et al. (2007) [22]. Hence, 1 g of powder sample was measured into test
tubes and 50 mL of distilled water was added to each. They were then centrifuged at
10,000× g rpm (MPW-380 R, MPW Med. Instruments, Warsaw, Poland) for 15 min and the
excess water was discarded. The powder with absorbed water was weighed again. WHC
was expressed as g water/1 g of powder.

2.2.3. The Water Solubility Index (WSI)

Water solubility index (WSI) was measured by the method described by Anderson et al.
(1996) [23]. After mixing 2.5 g of powder with 30 mL of distilled water, the sample was
incubated at 37 ◦C ± 1 for 30 min and then centrifuged for 20 min at 10,000× g rpm
(centrifuge MPW-380 R, Poland). The supernatant was collected in a pre-weighed weighing
vessel and dried at 103 ± 2 ◦C to constant weight. WSI was expressed as g water/100 g
of powder.

2.2.4. Total Polyphenolic Compounds

The total polyphenol content was determined by the spectophotometric method
described by Singelton and Rossi (1965) [24]. The principle of this method is based on
the color reaction between Folin-Ciocalteu reagent and polyphenolic compounds in an
alkaline medium. The intensity of the resulting color was measured spectophotometrically,
at a wavelength of 720 nm. The content of polyphenolic compounds was expressed as
GAE (Gallic Acid Equivalent), i.e., the amount of mg of gallic acid per 1 g of dry weight
of powder.

2.2.5. Antioxidant Properties

The antioxidant activity of the powders was determined using ABTS+. (diammonium
salt of 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) cationorods according to the
method of Re et al. (1999) [25]. The principle of the method is to measure the ability to
deactivate synthetic ABTS-+ cation radicals by antioxidant compounds contained in the
tested material. These compounds, as a result of the reaction, cause a decrease in the
color intensity of the radical solution, which was determined spectophotometrically at a
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wavelength of λ = 734 nm. The antioxidant activity was expressed as mmol TEAC (Trolox
Equivalent Antioxidant Capacity) per 100 g dry weight of the tested powder.

2.2.6. Weigh Loss

Weight loss during the baking of rolls with the addition of the studied fiber prepa-
rations was determined by taking into account the difference in weights of the products
before and after baking and cooling.

2.2.7. Volume and Specific Mass Measurements

The volume of the yeast rolls was measured using the measurement of the volume of
millet groats seeds displaced by the product. Based on the weight and volume of the rolls,
their specific mass (SM) was calculated using the formula:

SM =
m
v

where:

- SM is specific mass ( g
cm3 )

- m is sample weight (g)
- v is sample volume (cm3)

2.2.8. Instrumental Texture Measurement

The hardness of the crumb of the rolls with the fiber preparations tested was evaluated
using a TA.XT2 texture analyzer (Stable Micro Systems, Godalming, UK). A compression
test was performed using a 25 mm diameter stylus for its penetration to a depth of 9 mm.
For the measurement, bun crumb samples measuring 2 cm × 4 cm × 4 cm were prepared
and placed parallel to the mandrel. The measurement was repeated four times.

2.2.9. Sensory Evaluation

A simple descriptive method was used to determine the sensory characteristics of
the fruit fibers as well as the rolls prepared with them, such as external appearance,
smell, texture, and taste. Analysis was performed by six trained assessors fulfilling the
requirements of ISO standard 8586:2012 [26]. Individual rolls samples of the same size were
placed in plastic containers and covered with lids. The samples were differently coded for
each assessor and presented in individual random order. Still mineral water was used as
neutralizer between samples. Evaluation was performed in the sensory laboratory fulfilling
all requirements of ISO standard 8589:-2010 [27].

2.2.10. Kaiser Rolls Basic Chemical Composition

Determination of the basic composition of kaiser rolls was made on the basis of
calculations, taking into account the nutritional value declaration of each component found
on the product packaging.

2.2.11. Statistical Analysis

Statistical analysis of the obtained results was carried out using Statistica 13.0 software
(Tibco Software Inc., Palo Alto, CA, USA). One-way analysis of variance (ANOVA) and
Duncan’s post hoc test were used, with an assumed significance level of p < 0.05.

3. Results and Discussion
3.1. Functional Properties of the Studied Fiber Preparations

Figure 1 shows the appearance of the fiber preparations tested. All preparations were
characterized by a uniform consistency, without lumps in the form of loose powder. The
color of the fibers varied depending on the fruits from which they were obtained. The
darkest was the chokeberry fiber preparation, with a purple-brown hue, the lighter was the
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cocoa preparation, with a dark brown hue, and the lightest was the apple preparation, with
a light brown color. The fibers showed a fruity taste and smell, characteristic of the type of
fruit used, with no foreign aftertaste or aroma.

Figure 1. Appearance of the fiber preparations tested (a) chokeberry fiber; (b) apple fiber; (c) cocoa fiber.

The tested preparations had a low water activity of approximately 0.30 (Table 3), which
should give them adequate microbiological stability during long storage [28]. The type of
fruit fiber had a significant effect on water binding properties (WHC). The highest WHC
values were characterized by cocoa fiber preparation with 3.29 g water/1 g, followed by
apple fiber with 2.02 g/1 g, and chokeberry fiber with 2.55 g water/1 g (Table 2). The lower
WHC values in chokeberry and apple fibers may have been due to the lower fiber content
in the formulation with a higher proportion of the water-soluble fraction, compared to the
cocoa fiber. The varying water binding capacity of fiber preparations of different origins
depends on their fractional composition, with greater binding capacity attributed to the
polysaccharide fraction than to the lignin fraction. Lignin, due to its hydrophobic capacity,
binds much less water than hydrophilic polysaccharides, which have a higher capacity
to bind and retain water [29]. The ability to bind water molecules also depends on the
distribution and type of hydrophilic groups in a given product as well as the fiber length.
According to literature data, micronization or ultra-fine grinding is a new technique used
to obtain very fine powder, also in fiber preparations, with a particle size of 1–100 µm and
good surface properties. The powder obtained in the micronization process is characterized
by high solubility, dispersibility, and water resistance sorption, which improves the quality
of food products containing its additive. Moreover, micronization significantly increases the
efficiency of the extraction of bioactive compounds [30–32]. According to McConnell et al.
(1974) [29], during the micronization of fiber preparation particles, the water binding
capacity decreases as a result of a reduction in fiber length and development of the overall
fiber surface area. In addition, in some preparations, during the micronization process, the
size of the pores inside the fiber fibers is increased, resulting in a greater water holding
capacity of the resulting preparations [33]. Water binding capacity also depends on the
soluble factor content of the fruit, mainly pectin [34].

Table 3. Physicochemical properties of the studied fiber preparations.

Type of Fiber Water
Activity

WHC
(g H2O/1 g)

WSI
(%)

Chokeberry 0.29 ± 0.002 b 2.55 ± 0.04 a 30.1 ± 0.20 c

Apple 0.30 ± 0.001 b 2.02 ± 0.08 a 27.4 ± 0.42 b

Cocoa 0.30 ± 0.001 a 3.29 ± 0.01 b 16.7 ± 0.21 a

a–c: values marked by different letters differ significantly (p < 0.05).

The fiber preparations tested were characterized by moderate solubility in water,
achieving a WSI of less than 31% in all preparations tested regardless of their type (Table 3).
The chokeberry fiber had the significantly highest (p < 0.05) solubility, while the cocoa fiber
had the lowest. An important element affecting the solubility of fiber preparations is the



Agriculture 2022, 12, 1715 6 of 13

proportion of soluble components, that is, mainly pectins, neutral hemicelluloses (high
and low branching), gums (including β-glucans), plant mucilages, and polysaccharides in
relation to the content of insoluble substances, mainly cellulose, hemicellulose extracted
from acidic solutions, lignins, accompanying components (cutin, suberin, silica) [34]. Based
on the current study, it can be concluded that the fiber preparations have more insoluble
substances in their composition, hence obtaining lower WSI. And considering the type of
fibers tested, solubility in water depended on the amount of fiber in the preparation, the
higher the content, the lower the solubility. The low values of the solubility index of the
fiber preparations suggest that they are suitable for use in products where the palpability of
the particles of the preparation is desirable, such as additives to dishes with a heterogeneous
texture (soups, sauces, cakes, pastries, fruit and vegetable fillings), as well as a base for
milkshakes, yogurts, fruit mousses, and sorbets. Comparing the results of chokeberry fiber
preparation to chokeberry powders, it was noted that they have approximately three times
lower WHC values and almost twice lower solubility [35].

The type of fruit fiber used had a significant effect on polyphenol content and antiox-
idant properties (Table 4). The highest results were obtained for chokeberry fiber, lower
values were characteristic of cocoa fiber, and the lowest results were noted for the apple
preparation. According to numerous literature data [36–38], the antioxidant properties of
fruits and vegetables depend on the content of bioactive substances, mainly polyphenols,
including anthocyanins, and vitamin C. According to the cited data, chokeberry fiber
showed the highest content of total polyphenols and at the same time had the highest
antioxidant properties. According to a study by Kulling and Rawel (2008) [39], choke-
berry fruits have significantly higher antioxidant capacity compared to other fruits. In
addition, the proportion of anthocyanins in the polyphenolic fraction in these fruits is very
high, at approximately 33% [40]. In comparison, the share of anthocyanins in the total
content of polyphenols in apples and cocoa is approximately 19–20% [41]. Comparing the
obtained results of the chokeberry fiber preparation to chokeberry powders, it was noted
that they are characterized by a significantly lower content of polyphenols (chokeberry
fruit: approximately 2480 mg GAE/100 g d.m.; the tested preparation: approximately
7.0 mg GAE/1 g d.m.) and more than five times lower antioxidant capacity (approxi-
mately 59 mmol Trolox/100 g d.m. in the fruit powder vs. approximately 10.1 mmol
Trolox/100 g d.m. in the fiber preparation) [35]. In summary, it can be said that the content
of bioactive compounds showing antioxidant activity depends on the type of raw material
used, from which the fiber is obtained. Another factor is the method of obtaining the prepa-
rations, i.e., the drying time and the degree of grinding, as well as the storage conditions of
the finished preparations [41].

Table 4. Content of total polyphenols (mg GAE/1 g d.m.) and antioxidant properties (mmol
Trolox/100 g d.m.) in the studied fiber preparations.

Type of Fiber Total Polyphenols Antioxidant Activity

Chokeberry 7.0 ± 0.03 a 10.11 ± 0.02 a

Apple 1.6 ± 0.01 c 3.63 ± 0.02 c

Cocoa 6.3 ± 0.04 b 7.62 ± 0.01 b

a–c: values marked by different letters differ significantly (p < 0.05).

3.2. Use of the Fruit Fiber Preparations in Wheat Bakery Production on the Example on Kaiser Rolls

In the study, the addition of fiber preparations was used in such an amount that
the final products obtained were characterized by a dietary fiber content at a level that
allowed the use of the nutritional claim “source of fibre” or “high fibre” per 100 g of
product [42]. When kneading dough with the addition of apple and cocoa fibers, a firmer
texture and lower volume during dough rising were noted compared to control samples
without the addition of fiber preparations. This may be related to the higher water-binding
properties of the fiber preparations compared to flour, the lower gluten content of the
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rolls with fiber preparations added, as well as the interaction between the various dough
ingredients [43]. Other trends were noted for the dough with the addition of the chokeberry
fiber preparation. During both kneading and rising, the dough was similar in texture to
the control dough. This may be due in part to the lower proportion of fiber (58%) in the
chokeberry preparation than in the apple and cocoa preparations (60% and 72%), as well as
differences in the presence of individual fractions. Taking into account the water binding
capacity and solubility degree of the tested fiber preparations, it can be concluded that the
lowest WHC values and the highest WSI values obtained for chokeberry fiber may have
influenced the obtaining of a softer and less compact dough texture, while in the other fiber
preparations obtaining the opposite relationship perhaps resulted in a more compact and
dough-like structure.

Evaluation of Designed Kaiser Rolls

The results shown in Table 5 indicate that the water activity values of all types of rolls
were similar to each other. Pathogenic microorganisms do not develop at aw < 0.62. With
aw at 0.3, the product is most stable in terms of lipid oxidation, non-enzymatic browning,
enzymatic activity and microbial growth. As aw increases, the likelihood of food spoilage
increases [44]. In the present study, all designed buns were characterized by similar high
aw. Taking the above into account, it can be concluded that bread belongs to perishable
foods, in which there is a possibility of the development of microorganisms (bacteria, yeasts,
molds) during storage [45].

Table 5. Water activity, weight loss, specific mass and hardness of control and fiber-fortified rolls.

Type of Rolls Water
Activity

Weight Loss
(%)

Specific
Mass (g/cm3) Hardness (N)

Control 0.96 ± 0.003 14.25 ± 0.2 d 0.30 ± 0.03 a 17.38 ± 1.82 a

Apple fiber 3% 0.95 ± 0.001 15.06 ± 0.7 e 0.37 ± 0.02 b 53.36 ± 8.41 c

6% 0.97 ± 0.002 13.46 ± 0.5 c 0.52 ± 0.04 c 65.70 ± 3.64 d

Cocoa fiber
3% 0.96 ± 0.002 11.70 ± 0.5 b 0.33 ± 0.06 ab 36.25 ± 8.76 b

6% 0.97 ± 0.001 11.35 ± 0.5 ab 0.47 ± 0.05 c 66.23 ± 7.27 d

Chokeberry fiber 3% 0.97 ± 0.001 10.81 ± 0.8 a 0.32 ± 0.03 ab 14.91 ± 3.10 a

6% 0.96 ± 0.001 11.73 ± 0.6 b 0.30 ± 0.02 ab 20.81 ± 4.34 a

a–e: values marked by different letters differ significantly (p < 0.05).

The designed rolls differed in weight losses during the baking process, and in most
cases these differences were statistically significant (Table 5). The highest (p < 0.05) weight
losses were characterized by the control rolls and those with 3% apple fiber preparation
(losses of approximately 14% and 15%, respectively). In a study conducted by Tańska and
Rotkiewicz (2011) [46], similar results were obtained for baked products with a 10% addition
of apple pomace (losses were approximately 15%). In addition, this study found that the
addition of pomace did not significantly affect baking losses. Significantly (p < 0.05) the
lowest weight losses occurred in rolls with 3% and 6% chokeberry and cocoa preparations
(approximately 11–12%). Significantly higher losses were found for buns with 10% apple
preparation. Hyang-Sik et al. (2014) [47] in their study of bread enrichment with chokeberry
fiber preparation at 1%, 3%, 5%, and 10% levels noted that there were significantly lower
weight losses as the amount of fiber preparation added increased. In the case of the present
study, no such trends were noted. Rolls with the addition of chokeberry fiber preparation
at 3% and 6% had similar losses. This may be due to the use of different main components
for the preparation of dough and for the baked rolls designed in this study. The addition
of fiber to the bread caused significant changes in its specific mass. The rolls with the
highest (p < 0.05) specific mass were those with the highest content of apple and cocoa fiber
preparation (approximately 0.52 and approximately 0.47 g/cm3, respectively) (Table 5). In
other cases, the differences were not significant. Only in the case of the control rolls with a
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specific mass of approximately 0.30 g/cm3 and with 3% apple fiber (at 0.37 g/cm3) was
the difference statistically significant compared to the control rolls. It is worth noting that
the specific mass of rolls with chokeberry preparation at two levels of addition was not
significantly different from that of control rolls.

The designed rolls showed varying hardness depending on the type of fiber added, as
well as the level of addition (Table 5). Considering the hardness results obtained, rolls with
apple and cocoa fiber at two levels were characterized by significantly (p < 0.05) higher
hardness compared to control buns and buns with chokeberry preparation, regardless of
the amount of addition. The highest hardness was characterized by buns with 6% addition
of apple preparation (65.70 N) and cocoa preparation (66.23 N) (followed by buns with 3%
addition of apple preparation (53.36 N) and cocoa preparation at the same level of addition
(approximately 36.25 N). Sujka et al. (2018) and Amir et al. [48,49] in their studies observed
that the addition of fiber significantly increased the hardness of the bread crumb. Fiber
in bread can limit the expansion of gas cells. This causes the bread to be more compact
and harder, which was also noted in the present study. A different tendency was noted
for bread with the addition of chokeberry preparation. Rolls with this fiber preparation,
regardless of the level of addition (hardness at 14.91 N and 20.81 N for 3% and 6% addition,
respectively), were the least hard and most similar to control rolls (17.39 N). Obtaining the
above correlations may have been due to the highest solubility of chokeberry fiber and the
lowest water-binding properties, which may have contributed to a less compact and more
aerated dough with the lowest specific mass.

On the basis of the sensory evaluation of the designed rolls, it was found that they
differed taking into account both texture characteristics, as well as color, taste and aroma
(Table 6). The control rolls were defined as typical kaiser rolls. They had a cereal and
yeasty aroma. The color of the crust was slightly brown and toasted, the lightest among
the buns evaluated. The crumb, on the other hand, was creamy in color with visible even
pores. The texture was springy and aerated. The product exhibited a neutral, mildly
yeasty and sweet flavor. Rolls with 3% and 6% apple fiber preparation addition showed a
cereal, yeasty aroma with a slightly sour note. Products at both levels of fiber preparation
addition had a slightly sour and bitter taste, more intensely noticeable in the product with
a higher percentage of fiber. The color of the crust was toasted brown, while the crumb
was light brown. The cross-section showed irregular pores. After baking, buns with a
lower percentage of apple fiber were characterized by a rather aerated, springy texture,
more compact compared to control buns. Rolls with a higher proportion of apple fiber
were characterized by a moist, more compact, and less springy texture compared to control
rolls and those with a lower proportion of the fiber preparation. This could be due to the
higher specific mass, lower aeration, and, most importantly, the higher degree of water
retention and binding in the buns due to the addition of the fiber preparation, which was
reflected in the higher perceived moisture content in these buns compared to the control
sample. Similar trends were observed in their study by Baca et al. (2011) [50], where
the moisture content of the bread increased as the fiber addition increased. On the other
hand, in a study by Wojciechowicz and Gil (2009) [43], products enriched with apple fiber
received the lowest odor rating. Designed rolls with 3% and 6% cocoa fiber preparation
were characterized by an intense dark brown color of the crust. For buns with a higher
addition, the color was darker. Both types of buns had irregular pores in cross-section.
The texture, like that of the rolls with apple fiber, was compact; the dough with 3% added
fiber preparation was quite aerated and moist, while that with 6% addition showed a
more compact texture. A bitter, cocoa flavor was perceptible in the rolls, more intense in
products with a higher proportion of the fiber preparation. Rolls with both cocoa and apple
fiber preparation were rated worse in terms of taste and aroma characteristics, external
appearance and texture compared to rolls with chokeberry fiber preparation. Similar results
were obtained by Wojciechowicz and Gil (2009) [43]. In the study conducted, the lowest
ratings for crust and crumb color and taste were given to products with cocoa fiber, and the
lowest rating for aroma was given to wheat bread enriched with apple fiber preparation,
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the highest sensory rating was given to bread with oat fiber. Rolls with 3% and 6% added
chokeberry fiber preparation were most similar to the control sample in terms of texture
characteristics, as confirmed by the instrumental texture measurement carried out. The
rolls had a springy, aerated, fluffy texture. They were characterized by a taste with a cereal,
yeasty, mildly fruity–berry aroma. The taste was mildly bitter. The color of the crust as well
as the crumb in the case of 3% addition was dark brown with a purple tint, more intense in
the case of rolls with a higher proportion of fiber. In a study by Petković et al. (2020) [51], it
was shown that rolls with the addition of chokeberry fiber were characterized by a pleasant
taste and aroma. An increase in the intensity of color, flavor, and aroma was observed with
an increase in the level of addition of chokeberry fiber preparation, which is confirmed in
the present study.

Table 6. Sensory features of the designed rolls.

Type of Samples External Appearance Smell and
Taste Texture

Control

crust color: slightly
brown, toasted,
creamy crumb,

even pores

cereal (flour),
mildly yeasty,
mildly sweet

springy, fluffy,
aerated

Apple fiber

3%

crust color: gray-brown
toasted, crumb

light brown,
irregular pores

cereal (flour),
yeasty, slightly

sour
slightly bitter

quite springy,
aerated, compact,
moist, after 5 h of
storage crumbly

texture

6%
crust color: brown,

toasted, crumb brown,
irregular pores

cereal (floury),
yeasty,

sour, bitter

compact, moist,
not very springy,

very brittle texture
after 5 h of storage

Cocoa fiber 3%
crust color: dark brown,

toasted, crumb dark brown,
irregular pores

cereal (flour),
yeast,

bitter, cocoa

quite springy,
aerated, compact,
moist, after 5 h of
storage crumbly

texture
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Table 6. Cont.

Type of Samples External Appearance Smell and
Taste Texture

6%

crust color: very dark
brown, almost black,

toasted, crumb: intense
brown, irregular pores

cereal (flour),
yeasty, bitter,
intense cocoa

compact, moist,
not very springy;

very brittle texture
after 5 h of storage

Chokeberry
fiber

3%

crust color: dark
brown with a purple
tinge, toasted, crumb:

brown with a
purple tinge,

irregular pores

cereal (floury),
yeasty, mildly
fruity—berry,
mildly bitter

springy, aerated,
fluffy, moist, very

similar to the
control sample

6%

crust color: dark brown
with a purple tinge,

toasted, crumb intensely
brown with a purple
tinge, irregular pores

cereal (floury),
yeasty, mildly
fruity—berry,
mildly bitter

springy, aerated,
fluffy, moist,
similar to the

control sample

Taking into account the results obtained, a reduction in energy value and carbohydrate
content can be observed in all types of rolls with the addition of fiber preparations, except
for rolls with 3% addition of apple preparation in the case of energy value (Table 7). The
rolls did not differ significantly in the content of fat (content at the level of approximately
7%), saturated fatty acids, approximately 4%, sugars approximately 2.5–3%, proteins,
approximately 9.5–10% and salt, approximately 1%. The use of fruit fiber preparations to
enrich the rolls had a beneficial effect on their nutritional value. Designed products with
fruit fibers preparations can be labeled with the nutritional claim “source of fibre” [42],
since each type of roll contains at least 3 g of fiber per 100 g (Table 7). In addition, in the
case of rolls with a 6% addition of cocoa fiber preparation, the nutritional claim “high
fibre” can be applied [42], since this product contains more than 6 g of fiber in 100 g. Each
of the designed rolls can be labeled with the nutrition claim “source of protein” [42], as
more than 12% of the rolls’ energy value comes from protein. It is worth noting that, in
addition to increasing the amount of fiber, the addition of fruit fiber preparations to wheat
rolls carries with it an enrichment in bioactive components with high antioxidant potential,
such as theobromine from cocoa, polyphenols from chokeberries, and organic acids from
apples [10,43,51].
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Table 7. Energy value (kcal/100 g) and nutrient and salt content of control and fruit-flavored rolls
(g/100 g).

Type of Rolls Energy
Value

Fat (Including
Saturated Fatty Acids)

Carbohydrates
(Including Sugars) Fiber Protein Salt

Control 308.00 7.15 (3.98) 50.34 (2.62) 1.72 9.93 1.20

Apple
fiber

3% 309.63 7.31 (4.04) 49.46 (2.61) 3.77 9.88 1.21
6% 300.56 7.22 (3.96) 46.88 (2.51) 5.66 9.48 1.11

Cocoa
fiber

3% 298.26 7.14 (3.93) 46.81 (2.49) 4.05 9.88 1.10
6% 292.19 7.21 (3.93) 43.93 (2.49) 6.34 9.93 1.11

Chokeberry
fiber

3% 289.11 7.00 (3.83) 46.83 (2.69) 3.53 9.44 1.10
6% 283.80 7.18 (3.83) 45.53 (2.88) 5.45 9.38 1.12

4. Conclusions

The present study confirmed that the type of fruit fiber significantly affects its func-
tional properties. The studied fiber preparations are poorly soluble in water, and their
solubility depends on the level of fiber in the preparation and the ratio between the water-
soluble and non-water-soluble fraction. Obtaining relatively low WSI values suggests
that the studied preparations can find application as components of solid or semi-solid
products, they are not recommended for enrichment of products with liquid consistency,
where the presence of suspended particles or precipitate in the liquid is not desirable.
The studied fiber preparations can be an excellent dietary supplement not only in the
ingredients included in the fiber fractions, but also in bioactive compounds derived from
fruits, which show free radical leveling properties. The polyphenol content and antioxidant
activity of the tested preparations depended on the type of fruit from which they were
prepared. The highest values, both polyphenol content and antioxidant properties, were
characteristic of chokeberry fiber, while the lowest values were characteristic of apple
fiber. The studied fiber preparations may find application in the development of yeast
rolls at a nutritionally significant level of addition, allowing them to be labeled with the
nutrition claim “source of fibre”. Breads with the proportion of fiber tested at 3% had
more favorable sensory characteristics than those with 6% addition. As the share of apple
and cocoa fibers in the rolls increased, the taste and texture deteriorated (an increase in
hardness was noted). Such a relationship was not found for chokeberry fiber. The most
favorable taste was characteristic for rolls with the addition of chokeberry fiber preparation,
while rolls containing the addition of apple and cocoa preparations showed too bitter taste.
During a possible continuation of the research, it would be possible to consider designing
confectionery breads with the addition of the studied fiber preparations and other flavor
components (dried fruits, nuts, or fruit filling), which could influence the masking of the
unfavorable bitter taste, thus increasing their palatability.
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Tech. Przetw. Spoż. 2015, 1, 15–19.
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