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ABSTRACT

Background. Growing consumer demand for products with pro-health properties is forcing food manufactur-
ers to introduce new food items onto the market, which will not only possess such health-enhancing proper-
ties but will also compete on the grounds of sensory attributes – taste, fl avour, texture etc.
Material and methods. The aim was to evaluate these sensory attributes of pastry products enhanced with 
biologically active compounds, such as inulin, buckwheat hull and buckwheat fl our. For decreasing the ener-
gy value of the products tested (crispy cookies, muesli cookies, waffl  es and pancakes) some ingredients were 
replaced: vegetable butter or oil by inulin and wheat fl our by roasted buckwheat fl our and thermally processed 
buckwheat hull. The substances mentioned are rich sources of soluble and insoluble buckwheat fi ber, and also 
polyphenolic substances. Dry chokeberry and mulberry leaf extract were added as a rich source of fl avonoids 
and 1-deoxynorijimycin, respectively. These substances are recommended for people with obesity. The pro-
cessing was carried out at 175°C for 15 minutes using a convection oven (Rational Combi-Steamer CCC).
Results. Pastry products with buckwheat fl our, buckwheat hulls, mulberry extract, chokeberry and inulin had 
a lower food energy, a higher dietary fi ber content and scored high on customer desirability.
Conclusions. Pastry products which contain ingredients carrying biologically active substances are not only at-
tractive from the sensory point of view, but also low in calories, and are thus recommendable for obesity people.
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When making their food purchasing choices, consum-
ers pay special attention to the sensory attributes of the 
products, especially the taste of the product, which is the 
ultimate sensory quality (Sorensen et al., 2003). Since fat 
is the carrier of lipophilic fl avour substances, a reduction 

in fat content will infl uence the quantitative and qualita-
tive properties of fl avour release from the product, and 
thus its sensory attributes (Kähkönen and Tuorila, 1998). 

In the modern world, the food we consume must not 
only provide us with a source of energy and nutrients, 
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but also have a benefi cial infl uence on our health (Ee-
rtmans et al., 2001). Responding to high proportion of 
obese people in society, and the ever-increasing de-
mand for low-calorie foods, the manufacturers of food 
products introduce new items with good sensory at-
tributes and health-supporting properties. These new 
products are low in fat and contain biologically active 
ingredients, which can regulate human metabolism 
and also reduce the risk of diseases such as type 2 dia-
betes (Mazloom et al., 2011), obesity (Kim and Park, 
2011), some types of cancer and circulatory diseases 
(Alissa and Ferns, 2012).

The ingredients used for the production of the pas-
try products tested contained biologically active com-
pounds and nutrients: buckwheat fl our and hulls, choke-
berry, mulberry leaf extract and inulin. The use of these 
materials signifi cantly altered the chemical composition 
of pastry products, including dietary fi ber and fat con-
tent, as well as enhancing their sensory properties. 

Buckwheat is a natural source of many biologically 
active compounds and nutrients (Dziedzic et al., 2016; 
Dziedzic et al., 2015; Dziedzic et al., 2012; Górecka 
et al., 2014; Hęś et al., 2014; Kreft et al., 2006). Sub-
stituting buckwheat fl our for wheat fl our can alter the 
texture, colour, taste and smell of products (Beitane et 
al., 2014).

Chokeberry is a rich source of polyphenols and 
anthocyanins (Kraujalyte et al., 2011). The use of 
chokeberry pomace extract has been described in the 
literature, which improved the taste and smell of the 
end product and resulted in better scores for the prod-
uct in these two areas (Baranowski et al., 2009). What 
is more, the chokeberry has anti-diabetic properties 
and reduces the risk of many lifestyle-related diseases 
(Sikora et al., 2014).

Inulin, with its numerous health enhancing proper-
ties, is more and more frequently used in functional 
food production (Miremadi and Shah, 2012). Classi-
fi ed as soluble dietary fi ber, it exhibits hypoglycemic 
properties, aff ects lipid metabolism (Beylot, 2005), 
and modifi es the texture of products from which fat 
has been removed (Alimi et al., 2013), giving them 
a creamy, velvety, opalescent feel and a sense of a “full 
taste”. The use of inulin as a fat replacer infl uenced not 
only the general sensory properties of products, but 
also their nutritive properties due to their signifi cantly 
lower fat content. Similar results were obtained by 

Gramza-Michałowska and Górecka (2009), who used 
inulin in cake cream and meat balls.

The leaves of white mulberry are a rich source of 
polyphenols (Zafar et al., 2013). They contain chemi-
cals which can prevent civilization diseases, e.g. 
cancer (Choi and Hwang, 2005), circulatory system 
diseases (Katsube et al., 2006) and type 2 diabetes 
(Musabayane et al., 2006).

The decisive factor in dietary choices are consumer 
preferences, therefore the purpose of this study was 
to evaluate the sensory properties of pastry products 
containing bioactive ingredients.

MATERIAL AND METHODS

Materials
The material consisted of crispy biscuits (KB – variant 
I and KC – variant II), muesli biscuits (BB), waffl  es (GB) 
and pancakes (NB), and respective control samples 
(KA, BA, GA, NA). Crispy biscuits and muesli biscuits 
were baked at 175°C for 15 minutes using convection 
oven (Rational Combi-Steamer CCC). Waffl  es were 
fried in a waffl  e iron for 8 minutes, while pancakes 
were fried in a frying pan for 4 minutes.

Bioactive ingredients
Based on the evaluation of sensory properties, the op-
timal content levels of individual ingredients were de-
termined (Table 1). In crispy biscuits the wheat fl our 
was replaced with buckwheat fl our in the ratio of 50% 
(KB) and 25% (KC). In both types of biscuit, fat was re-
placed with inulin at a level of 50%, with 2.5% content 
of buckwheat hull also being introduced. In muesli 
biscuits (BB) wheat fl our was replaced with buckwheat 
fl our at a proportion of 25%, fat replaced with inulin at 
50% and buckwheat hull, mulberry extract and choke-
berry were added at 1.5%, 0.3% and 3%, respectively. 
Moreover, the sugar in these biscuits was replaced 
with sweeteners, i.e. aspartame and acesulfame K in 
a ratio of 1:1, and polydextrose was added for fi ber 
content. In the waffl  es buckwheat fl our was substituted 
for wheat fl our at a level of 35%, fat replaced with inu-
lin at 50% and buckwheat hull and mulberry extract 
were added, 2% and 0.2% respectively. Finally, in the 
pancakes wheat fl our was replaced with buckwheat 
fl our (25%), and buckwheat hull and mulberry extract 
were added, 1.5% and 0.3%, respectively.
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Table 1. Ingredients used for the production of pastry and fl our products, g/100 g

Ingredients
Type of pastry products and fl our products

KA KB KC BA BB NA NB GA GB

Acesulfame K – – – – 0.06 – – – –

Dry chokeberry – – – – 3.46 – – – –

Aspartame – – – – 0.06 – – – –

Brown sugar – – – 19.09 – – – – –

Refi ned sugar 17.54 17.79 17.79 – – 0.85 0.85 – –

Vanilla sugar – – – 0.88 1.04 – – 1.12 1.10

Cinnamon – – – 0.88 1.04 – – – –

Mulberry leaf extracts – – – – 0.35 – 0.26 – 0.22

Inulin – 2.49 2.49 – 0.86 – – – 0.55

Eggs 17.54 17.79 17.79 3.67 4.32 4.27 4.26 11.17 10.97

Buckwheat hull – 2.49 2.49 – 1.73 – 1.36 – 2.19

Vegetable butter 21.05 10.68 10.68 5.58 3.11 – – – –

Peanut butter – – – 19.97 23.50 – – – –

Buckwheat fl our – 21.35 10.68 – 3.46 – 8.53 – 10.97

Wheat fl our 43.86 23.13 33.81 – – 34.19 24.21 31.28 19.75

Peanut fl our – – – 11.75 8.64 – – – –

Milk – – – – – 29.91 29.84 51.40 50.48

Oil – – – – – 0.85 0.85 4.47 2.19

Pumpkins seeds – – – 4.41 5.18 – – – –

Sunfl ower seeds – – – 2.94 3.46 – – – –

Oat fl akes – – – 14.68 17.28 – – – –

Baking powder – – – – – – – 0.56 0.55

Raisins – – – 11.75 13.83 – – – –

Coconut chips – – – 4.41 5.18 – – – –

Water – 4.27 4.27 – 3.46 29.91 29.84 – 1.01

Polidextrose – – – – 18.97 – – – –

KA – crispy cookies, control sample, KB – modifi ed crispy cookies – variant I, KC – modifi ed crispy cookies – variant II, BA – 
muesli cookies, control sample, BB – muesli cookies, GA – waffl  es, control sample, GB – waffl  es, NA – pancakes, control sample, 
NB – pancakes.
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Chemical composition
The resulting products were assayed for dry matter 
(s.s.) (AOAC, 2001), total protein (AOAC, 1992), fat 
(AOAC, 2000) and total ash (AOAC, 1990).

Dietary fi ber analysis
Neutral detergent fi ber (NDF), acid detergent fi ber 
(ADF) and acid detergent lignin (ADL) was estimated 
by using Van Soest technique (Van Soest, 1963; Van 
Soest, 1967) modifi ed by Mc Queen and Nicholson 
(1979). The diff erence between NDF and ADF values 
was used to calculate the hemicellulose and cellulose 
content. The total content of dietary fi ber (TDF) and 
its soluble (SDF) and insoluble (IDF) fractions were 
assayed using Asp’s technique (1983). The total con-
tent of carbohydrates and the content of available car-
bohydrates was also determined.

Food energy was calculated using Atwater coeffi  -
cients (9 kcal/g – fat, 4 kcal/g – protein and 4 kcal/g 
– carbohydrates). Assaying was done in two tests, with 
three replications each.

Sensory analysis
Pastry (crispy biscuits, muesli biscuits, waffl  es) and 
fl our products (pancakes) were also evaluated by 

consumers and, at the same time, their quality was 
assessed using quantitative descriptive analysis. Cus-
tomer tastes were tested on a group of 100 individuals, 
aged 22 to 60, using a 10-cm graphic hedonic scale, 
with end limit ratings depicting undesirable – highly 
desirable. Flavour, taste, colour, texture and gen-
eral desirability were assessed. Quantitative descrip-
tive analysis (QDA) was performed by a panel of 12 
trained specialists (Ellendersen et al., 2012).

Statistical analysis
The results were analysed using one-way ANOVA 
(Statistica software 7.0) with Tukey’s test. Hypotheses 
were tested at the statistical signifi cance of α = 0.05.

RESULTS AND DISCUSSION

Modifying pastry products signifi cantly altered the 
chemical composition of these products (Table 2). 
Crispy cookies KB and KC, were characterised by 
a lower fat content as compared with the control sam-
ples, by 45% and 48% respectively. In muesli cookies 
BB the fat content was lower by 11%, and in waffl  es 
GB by 61%, as compared with the control samples. 
In pancakes NB the fat content was lower by 27%. 

Table 2. The content of selected ingredients in pastry products, g/100 g cookies

Type of 
cookies Dry matter Fat Protein Ash Total 

carbohydrates*
Digestible 

carbohydrates**
Energy value

kcal/100 g

KA 96.2c ±0.0 20.8b ±0.2 8.8b ±0.2 0.61a ±0.06 66.0a ±0.2 57.4a ±0.3 486.4c ±0.7

KB 92.6b ±0.1 11.5a ±0.5 7.1a ±0.5 0.81b ±0.06 73.3c ±1.0 62.1b ±1.1 424.7b ±2.1

KC 89.8a ±0.1 10.7a ±0.5 8.4b ±0.4 0.96b ±0.19 69.6b ±0.9 56.9a ±1.2 409.2a ±2.8

BA 82.3a ±0.1 27.8b ±1.3 11.2b ±0.4 1.73a ±0.08 41.6a ±1.0 26.1a ±1.8 461.5a ±6.8

BB 93.3b ±0.1 24.7a ±0.3 4.2a ±0.6 1.69a ±0.05 62.7b ±1.0 42.5b ±0.6 490.3b ±1.2

NA 45.5b ±0.0 2.0a ±0.3 6.3b ±0.1 1.03a ±0.06 36.1b ±0.2 26.0b ±0.3 188.1b ±1.3

NB 42.3a ±0.3 1.5a ±0.4 5.5a ±0.3 1.10a ±0.35 34.2a ±0.4 22.1a ±0.3 172.2a ±2.9

GA 65.5b ±0.0 19.1b ±1.1 10.5b ±0.1 2.01a ±0.10 33.9a ±0.8 19.9a ±2.1 349.6b ±5.9

GB 63.4a ±0.1 7.4a ±0.3 9.8a ±0.4 1.64a ±1.35 44.6b ±1.9 31.9b ±1.4 284.0a ±3.7

*Calculated using the following formula: total carbohydrates = 100 – (water + ash + protein + fat).
**Calculated using the following formula: digestible carbohydrates = total carbohydrates – dietary fi ber.
Symbols used for pastry products as in Table 1.
Values with diff erent letters in the same column, for each category of products, are statistically signifi cantly diff erent at p < 0.01.
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The modifi ed cookies were found to have a lower 
protein content, which can be explained by the higher 
content of other ingredients such as carbohydrates and 
ash. Ash content in products with biologically active 
components was higher by 6% (NB), 32% (KB) and 
57% (KC) as compared with the control samples. Only 
waffl  es and crispy biscuits were found to be lower in 
ash (by 18% and 2%) than their control sample. Food 
energy of modifi ed cookies was lower than that of 
control samples, by 8% (NB), 13% (KB), 16% (KC) and 
19% (GB). Cookies enriched with biologically active 
compounds were also higher in total dietary fi ber com-
pared with control samples, by 19% (NB) and 49% (KC) 
– Table 3. Buckwheat hull and fl our is a rich source 
of total dietary fi ber, therefore the content of fi ber is 
higher in fi nal product (Dziedzic et al., 2015; Dziedzic 
et al., 2012). Furthermore in the case of products NB 
and KC was used inulin, which is classifi ed as a solu-
ble fraction of dietary fi ber (Gramza-Michałowska and 
Górecka, 2009). Only waffl  es were found to contain 
less total dietary fi ber by about 9% compared with the 
control sample. The dominant fraction in all products 
was the insoluble dietary fi ber fraction (IDF). The sub-
stitution of buckwheat fl our for wheat fl our and the 

addition of buckwheat hull led to an increase in IDF 
levels by 24% (BB) and 69% (KB). Moreover, the pro-
portions of SDF in the modifi ed products were diff er-
ent. In KB, NB and GB cookies SDF levels were lower 
by 10%, 19% and 54%, respectively, while in KC and 
BB cookies these were higher by 30% and 47%, as 
compared with control samples. An analysis of frac-
tional composition led to the discovery of an increase 
in lignin by 39% (GB) and 110% (BB) and cellulose by 
73% (KC) and 188% (GB).

The modifi ed products evaluated in this study were 
characterised by a high level of customer desirability 
(Table 4). Both the taste and the smell of the prod-
ucts tested were graded as relatively highly desirable. 
Only the colour and texture of crispy biscuits were 
graded slightly worse than those of the control sam-
ple. Among the products tested, waffl  es were found 
to be the most highly desirable (8.0 points), then pan-
cakes (7.6 points), muesli biscuits (7.0 points), while 
the lowest grades were given to crispy biscuits (6.0 
points). However, no signifi cant diff erences were 
observed between the modifi ed and control samples. 
Sensory profi le analysis using quantitative descriptive 
analysis has shown that as for the colour of the control 

Table 3. The content of dietary fi ber and its fractions, g/100 g cookies

Type of 
cookies NDF ADF Hemicellu-

lose Cellulose Lignin IDF SDF TDF

KA 3.4a ±0.2 2.6a ±0.1 0.79a,b ±0.30 0.95a ±0.08 1.70a ±0.04 4.4a ±0.2 4.1b ±0.1 8.6a ±0.1

KB 5.2c ±0.2 4.3b ±0.1 0.84b ±0.10 1.99b ±0.10 2.32b ±0.05 7.5b ±0.3 3.7a ±0.0 11.2b ±0.3

KC 4.8b ±0.2 4.6b ±0.6 0.35a ±0.34 1.37a,b ±0.67 3.21c ±0.07 7.4b ±0.4 5.4c ±0.1 12.8c ±0.4

BA 8.2a ±0.1 3.3a ±0.1 4.93a ±0.05 1.68a ±0.03 1.61a ±0.09 11.1a ±0.5 4.4a ±0.3 15.5a ±0.8

BB 9.2b ±1.1 4.6b ±0.5 4.66a ±1.06 1.20a ±0.67 3.38b ±0.22 13.8b ±0.5 6.5b ±0.0 20.3b ±0.6

NA 3.7a ±0.2 2.1a ±0.1 1.66a ±0.29 0.86a ±0.04 1.22a ±0.03 5.6a ±0.3 4.6b ±0.1 10.1a ±0.3

NB 5.8b ±0.0 3.2b ±0.0 2.62b ±0.02 0.72a ±0.12 2.49b ±0.13 8.4b ±0.3 3.7a ±0.1 12.0b ±0.4

GA 4.9a ±0.9 2.2a ±0.0 2.78a ±0.93 1.14a ±0.19 1.02a ±0.23 5.4a ±0.9 8.6b ±0.9 14.0a ±1.6

GB 8.5b ±0.2 4.7b ±0.2 3.77b ±0.01 3.29b ±0.17 1.42b ±0.02 8.7b ±0.5 3.9a ±0.2 12.7a ±0.6

Symbols used for pastry products as in Table 1. NDF – neutral detergent fi ber, ADF – acid detergent fi ber, SDF – soluble dietary 
fi ber, IDF – insoluble dietary fi ber, TDF – total dietary fi ber.
Values with diff erent letters in the same column, for each category of products, are statistically signifi cantly diff erent at p < 0.01.
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sample of crispy biscuits (KA; Fig. 1), a biscuity col-
our dominates (5.3 points), while for modifi ed cookies 
this was a grey-brown colour does (KB – 4.0 points; 
KC – 4.6 points). For the original crispy cookies (KA) 

a buttery aroma (6.3 points) and taste (7.0 points) were 
identifi ed, while for the modifi ed sample, a buckwheat 
aroma (KB – 7.0 points; KC – 7.3 points) and taste (KB 
– 6.6 points; KC – 7.0 points). In crispy cookies KA and 
KB a hard texture was found (8.3 points and 7.1 points 
respectively), while in KC products – this was gritty 
(7.0 points).

In muesli control cookies (BA; Fig. 2), a brown-
red colour dominated (7.3 points), while in modifi ed 
ones, a (BB) brown colour did (3.8 points). As for the 
evaluation of aroma, for BA control cookies a smell of 
cinnamon was predominant (6.0 points), while for BB 
– a smell of nuts (4.9 points). In muesli control cook-
ies BA the most noticeable taste was sweet (7.3 points), 
and in modifi ed BB, that of sweetmeats (7.4 points). 
Muesli cookies were also characterised by crispy tex-
ture (BA – 6.0 points, BB – 7.9 points).

In the control pancakes (Fig. 3) and waffl  es 
(Fig. 4), a creamy colour was predominant (NA – 7.3 
points, GA – 6.0 points), while in modifi ed products, it 
was grey-brown (NB – 7.7 points, GB – 6.0 points). In 
the control pancakes and waffl  es, a smell of pancakes 
was predominant (NA – 9.5 points, GA – 5.4 points), 
while in modifi ed ones, the smell was of buckwheat 
(NB – 8.8 points, GB – 5.5 points). Similarly, in the 
original products the taste of pancakes dominated (NA 
– 9.7 points, GA – 5.1 points), while in the modifi ed 

Table 4. The results of consumer sensory evaluation of pas-
try products, points

Type of 
product Taste Smell Colour Texture

Overall 
desir-
ability

KA 7.7a ±2.3 8.3b ±1.5 6.8a ±1.6 5.1a ±1.3 6.3a ±2.9

KB 5.5a ±2.3 4.8a ±1.6 6.8a ±1.8 4.6a ±1.2 6.1a ±2.5

KC 5.4a ±1.9 4.1a ±1.5 5.9a ±2.0 4.9a ±1.7 6.0a ±2.2

BA 7.5a ±2.5 7.4a ±1.5 8.0a ±1.6 7.4a ±2.0 7.1a ±3.0

BB 7.6a ±1.9 7.3a ±1.5 8.3a ±1.2 7.5a ±1.9 7.0a ±1.9

NA 7.9a ±0.9 7.8a ±0.9 8.5a ±1.6 8.0a ±1.1 7.8a ±1.8

NB 8.0a ±0.9 7.9a ±1.6 7.2a ±1.2 7.8a ±1.2 7.6a ±1.6

GA 8.6a ±1.2 8.0a ±1.8 8.4a ±1.9 8.0a ±1.3 8.1a ±2.2

GB 8.2a ±1.4 8.1a ±1.6 7.6a ±1.5 8.2a ±1.4 8.0a ±1.4

Symbols used for pastry products as in Table 1.
Values with diff erent letters in the same column, for each catego-
ry of products, are statistically signifi cantly diff erent at p < 0.01.
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Fig. 1. The results of Quantitative Descriptive Analysis in crispy cookies, points. Sym-
bols used for pastry products as in Table 1. Values with diff erent letters, for each de-
scriptor, are statistically signifi cantly diff erent at p < 0.01
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ones it was the taste of buckwheat (NB – 4.6 points, GB 
– 3.4 points). The original pancakes NA had a crispy 
texture (7.9 points), as opposed to the grainy texture 
of the modifi ed pancakes (NB – 7.5 points). A crunchy 
texture was also found for waffl  es (GA – 6.5 points, 
GB – 6.3 points).

The change in the chemical composition of the 
modifi ed products can be attributed to the introduction 
of ingredients rich in biologically active compounds, 
both nutritive (protein, fat, carbohydrates), and non-nu-
tritive (dietary fi ber). Reducing the fat content in these 
products also infl uenced the energy of the products. 
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Fig. 2. The results of Quantitative Descriptive Analysis in cookies with muesli, points. Sym-
bols used for pastry products as in Table 1. Values with diff erent letters, for each descriptor, 
are statistically signifi cantly diff erent at p < 0.01
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Fig. 3. The results of Quantitative Descriptive Analysis in pancakes, points. Symbols 
used for pastry products as in Table 1. Values with diff erent letters, for each descriptor, 
are statistically signifi cantly diff erent at p < 0.01



Komolka, P., Górecka, D., Szymandera-Buszka, K., Jędrusek-Golińska, A., Dziedzic, K. Waszkowiak, K. (2016). Sensory qualities of 
pastry products enriched with dietary fi ber and polyphenolic substances. Acta Sci. Pol. Technol. Aliment., 15(2), 161–170. DOI: 
10.17306/J.AFS.2016.2.16

168 www.food.actapol.net/

The addition of buckwheat fl our, buckwheat hulls, 
chokeberry, inulin and white mulberry leaf extract did 
not signifi cantly change the sensory desirability of the 
modifi ed pastry products. High values of standard devi-
ation of the results obtained show that consumer tastes 
varied, which is typical for desirability tests. 

The addition of buckwheat fl our and hulls produced 
a darker colour in the pastry products and a higher in-
tensity of buckwheat taste and smell as compared with 
the control samples. Signifi cant diff erences between 
the sensory attributes of modifi ed and control samples 
testify to varying customer preferences, since these 
had no bearing on the overall product desirability, 
which remained high for both original and modifi ed 
products. The proportions of individual ingredients 
were such that their sensory qualities should remain 
close to those of the control samples. Studies by Fu-
jarczuk and Żmijewski (2009), where buckwheat bran 
was used as a substitute for wheat fl our, demonstrated 
that the addition of this ingredient at 30% of wheat 
fl our content results in a diff erent taste and smell of the 
bread, similar to that of buckwheat groats.

CONCLUSIONS

1. Pastry products which contained biologically 
active substances were characterised by a signifi cantly 
lower food energy compared with the control samples. 

2. Substitution of buckwheat fl our for wheat fl our 
and addition of buckwheat hulls, chokeberry and inu-
lin led to signifi cantly higher content of dietary fi ber. 

3. Pastry products containing biologically active 
compounds scored high for customer desirability. 
Considering their lower fat and energy levels and their 
sensory properties, they are well recommended for 
people suff ering from obesity. 
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