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 ABSTRACT 
Pumpkin, chestnut, and rosehip are rich in fibres, vitamins, mineral and 
antioxidant substances, but their use in bread making is not widespread yet. 
The objective of this study was to evaluate the effect of pumpkin, chestnut, 
and rosehip flour enrichment on the antioxidant activity, total phenolic and 
flavonoids contents of bread. Breads were made by partially replacing of 
wheat flour with pumpkin, chestnut, and rosehip flour at the level of 5, 10, 
and 15%. Total phenolic and flavonoid content, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity and ferric reducing 
antioxidant power were examined to determine the content of ethanol 
extractable bioactive compounds. The results of all studies showed the 
highest activity and content of phenols and flavonoids in rosehip flour and 
bread obtained with it, and the lowest in the control sample (without 
additive). In all three studied supplements, with increasing their 
concentration, the amount of bioactive substances increases.  
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1.Introduction   

In recent years, public attention has 
increasingly focused on the search for and 
consumption of healthy foods that reduce the 
incidence and spread of diseases such as 
diabetes, cardiovascular disease, obesity. Trends 
in the food industry are constantly changing to 
meet consumer demand. There is a tendency to 
use natural substances in the food as a source of 
antioxidant and functional ingredients (Meral 
and Köse, 2019). 

Antioxidants eliminate free radicals in the 
cell and in food and are widely used in dietary 
formulations (Andrade et al., 2015). 
Polyphenols are natural phytochemicals with 
antioxidant properties. Flavonoids are phenolic 
substances isolated from a wide range of plants, 
where they act as antioxidants. When such 
substances are added to foods, they prolong their 
shelf-life. According to Wolfe et al. (2003), 

plant phenols prevent oxidation and maintain 
food product quality. Bread is one of the most 
popular foods in the world and is an important 
part of people’s diets. The white bread is defined 
by a large part of the population as a good source 
of energy and irreplaceable food (Skrbic and 
Filipcev, 2008). However, people’s increased 
awareness of the nutritional deficiencies of 
white bread is growing and this is the reason for 
looking for substitutes for commercial wheat 
flour. Besides white bread made from refined 
wheat flour is a food with a low antioxidant 
capacity (Meral and Köse, 2019) and low 
nutritional value (Ibidapo et al., 2020). The 
health properties of bread can be improved by 
enriching it with flour rich in bioactive 
components.  

Pumpkin flour (PF) contains phenolic acids, 
flavonoids, vitamin C, vitamin E, bilirubin, 
albumin and β-carotene that can act as 
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antioxidants in the human body (Wahyono et al., 
2020). Generally, pumpkin flour is used to 
produce desserts as improved their yellow color 
and β-carotene content (Pongjanta et al., 2006). 
According to Dabash et al. (2017), pumpkin 
flour has a longer shelf-life and can be used in 
the manufacture of formulated foods. Pumpkin 
flour exhibited high levels of carbohydrate 
(79.57 %), starch (48.30 %), dietary fiber 
(12.1%) protein (7.81%) and total ash (5.29 %); 
low contents of lipid (3.60%) and crude fiber 
(3.65 %) (Saeleaw and Schleining, 2011).  

Chestnut flour (CF) is a rich source of 
bioactive compounds that have high free radical 
scavenging properties being associated to 
protective effects against many diseases. The 
chemical composition of chestnut flour is 
similar to that of many other cereals (Aponte et 
al., 2014), which is why there is a growing 
interest in its use in the manufacture of bakery 
products. The composition of the flour includes: 
high quality proteins with essential amino acids 
(4–7%), relatively high amount of sugar (20–
32%), starch (50–60%), dietary fiber (4–10%), 
and low amount of fat (2–4%) (Demirkesen et 
al., 2010). Other important components of flour 
are vitamin E, vitamin B group, potassium, 
phosphorous, and magnesium (Sacchetti et al., 
2004; Chenlo et al., 2007). There is insufficient 
data in the literature on the use of CF in bread 
recipes. 

Rosehip flour (RF) is characterized by a high 
content of polyphenols, and has a high 
antioxidant activity (Ghendov-Mosanu et al., 
2020). Common food obtained from rose hips 
are juice, wine, tea, jelly, marmalade, and syrup 
(Igual et al., 2021) and being rich in vitamin C, 
rosehip powder is successfully used as a health 
supplement (Larsen et al., 2003). There is no 
information in the literature on the use of RF in 
the production of bakery products. The only 
application that is detected is the use of the 
pomace resulting from juice production. 

The objective of this study was to evaluate 
the antioxidant properties of wheat bread with 
the addition of pumpkin, chestnut, and rosehip 
flour (in the amount of 5%, 10% or 15% by the 
weight of flour). 

2. Materials and methods 
2.1. Materials  
2.1.1. Raw materials 

For the preparation of the bread samples, the 
following materials were used:  

− commercial wheat flour (type 500) 
(average chemical composition: fat 0.9g/100 g 
of which saturated 0.3 g; carbohydrates 70.3 
g/100 g, of which sugars 3.4 g, fiber       4.0 g/100 
g; protein 10.8 g/100 g);  

− pumpkin flour from defatted peeled 
pumpkin seeds (average chemical composition: 
fat 10g/100 g of which saturated 1 g; 
carbohydrates 34 g/100 g, of which sugars 0 g, 
fiber 16 g/100 g; protein               56 g/100 g); 

− chestnut flour (average chemical 
composition: fat 3.7g/100 g of which saturated 
0.7 g; carbohydrates 70.9 g/100 g, of which 
sugars 29.5 g, fiber 10.8 g/100 g; protein 6.4 
g/100 g); 

− rosehip flour (average chemical 
composition: fat 0 g/100 g of which saturated 0 
g; carbohydrates 38 g/100 g, of which sugars 3 
g, fiber 24 g/100 g; protein 2 g/                   100 
g); 

− water – according to ISO 6107-1:2004;  
− commercial yeast (Lesafmaya);  
− salt – according to Codex Standard for 

Food Grade Salt CX STAN 150-1985. 
All chemicals used were of analytical grade 

and were obtained from Merck KGaA 
(Darmstadt, Germany) via Fillab (Plovdiv, 
Bulgaria). 
 
2.2. Methods   
2.2.1. Preparation of dough and bread samples 

Bread was obtained by a two-phase method. 
Initially, knead the yeast, flour (control and 
experimental samples to obtain 100 g) and water 
of dough in a 1:1 ratio in kneading machine 
(Labomix 1000, Hungary). The dough thus 
prepared matured for 60 min at 33 °C and then 
was mixed to obtain a homogeneous mass by 
adding the remainder of the flour according to 
the formulation and salt (1.33 kg/100 kg flour). 
The bread dough was divided into pieces of a 
certain weight (440 g) and was formed, matured 
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for 55 minutes at 36 °C (Tecnopast CRN 45–12, 
Novacel ROVIMPEX Novaledo, Italy). After 
the final fermentation, the pieces of dough were 
put into an electric oven (Salva E-25, Spain) pre-
heated to 220–230 °C. The baking time was 24 
min. After baking, the bread was allowed to cool 
down for 3 h at room temperature. 

The details of bread formulations are given 
in Table 1.   
2.2.2. Extraction of bioactive compounds  

Before	the	extraction,	breads	were	sliced	
(about	 1.5	 cm	 thick),	 dried	 (40	 °C,	 24	 h),	
ground	in	a	mill,	and	sieved	(0.5	mm	sieve).	
After	 that	 the	 extraction	 of	 bioactive	
compounds	 was	 carried	 out	 with	 70%	
ethanol	 (solid	 to	 liquid	 ratio	 1:20)	 in	 an	
ultrasonic	 bath	 (VWR,	Malaysia;	 45	 kHz,	 30	
W)	at	45	°C	for	15	min	according	to	Vasileva	
et	 al.	 (2018).	 Solid	 remnants	 of	 bread	were	
removed	by	centrifugation	at	1800xg	for	15	
min	 (MPW-251,	 Med.	 Instruments,	 Poland)	
and	 obtained	 supernatants	 were	 used	 for	
further	studies.	
2.2.3. Analytical methods 

Folin-Ciocalteu’s	 reagent was	 used	 to	
determine	 of	 total	 polyphenols	 (Ainsworth	
and	 Gillespie,	 2007)	 and	 the	 results	 were	
expressed	as	mg	equivalents	gallic	acid	(GAE)	
per	gram	dry	weight	(DW).	Total	 flavonoids	
were	 determined	 using	 Al(NO3)3	 reagent	
(Kivrak	 et	 al.,	 2019)	 and	 the	 results	 were	

expressed	as	mg	equivalents	quercetin	(QE)	
per	gram	DW.	
2.2.4. In vitro determination of antioxidant 
activity 

DPPH	 radical	 scavenging	 activity	 was	
estimated	 according	 to	 Dimov	 et	 al.	 (2018)	
with	some	modification	–	in	a	test	tube	were	
mixed	 0.15	 ml	 of	 ethanolic	 extract	 with																				
2.85	 ml	 0.06	 mM	 DPPH	 (dissolved	 in	 96%	
ethanol;	freshly prepared).	After	30	minutes	in	
the	 dark	 at	 room	 temperature,	 the	
absorbance	 at	 517	 nm	 was	 read	 by	
spectrophotometer	 and	 the	 results	 were	
compared	 with	 the	 blank	 containing	 70%	
ethanol	 (without	 sample	 addition).	 The	
results	 of	DPPH	analysis	were	 expressed	 as	
mM	Trolox	equivalents	(TE)	per	gram	DW.	

FRAP	 method	 –	 Ferric	 Reducing	
Antioxidant	Power	was	measured	according	
to	 the	 method	 of	 Dimov	 et	 al.	 (2018)	 with	
modifications	 –	 three	 ml	 FRAP	 reagent	
(freshly	prepared)	were	mixed	with	0.1	ml	of	
the	extracted	sample.	After	incubation	for	10	
min	 at	 37	 °С	 (in	 the	 darkness),	 the	
absorbance	was	measured	at	593	nm	against	
blank	 prepared	 with	 70%	 ethanol (without 
sample addition).  A standard	curve	was	built	
with	 FeSO4.7H2O.	 The	 results	 of	 FRAP	
analysis	 were	 expressed	 as	 μmol	 Fe2+	
equivalents	per	gram	DW.	

 

 
Table 1. The formulations of breads (% on the flour basis) 

Ingredients Bread samples 
Control with PF (%) with CF (%) with RF (%) 

5 10 15 5 10 15 5 10 15 
WF, g 450 427.5 405.0 382.5 427.5 405.0 382.5 427.5 405.0 382.5 
Water, ml 248 248 248 248 248 248 248 248 248 248 
Yeast, g 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 
Salt, g 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 
PF, g - 22.5 45.0 67.5 - - - - - - 
CF, g - - - - 22.5 45.0 67.5 - - - 
RF, g - - - - - - - 22.5 45.0 67.5 

WF – wheat flour, PF – pumpkin flour, CF – chestnut flour, RF – rosehip flour. 
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2.2.5. Data analysis 
The tests were conducted with three 

replications. Data were analyzed by one-way 
analysis of variance (ANOVA) using 
Statgraphics Centurion statistical program 
(version XVI, 2009) (Stat Point Technologies, 
Ins., Warrenton, VA, USA). To compare the 
means, Fisher’s least significant difference test 
was used for paired comparison with a 
significance level α = 0.05.  
 
3.Results and discussions 
3.1. Determination of bioactive substances in 
different flours 

Тhe results of all analyzes of the flours are 
summarized in Table 2. Total flavonoid content 

ranged from 0.15 to 1.77 mg QE/g DW, as the 
highest value was registered at RF, while the 
lowest value, as expected, showed the control 
commercial wheat flour. From the studied 3 
types of substitute flours the lowest content of 
total flavonoids showed PF (0.27 mg QE/g DW). 
These results show that it is likely that in the 
course of defatting of pumpkin seeds, treatment 
with organic solvents also affected the content 
of bioactive substances. The results obtained by 
us for the RF were similar to the data from the 
literature on the high content of common 
flavonoids. Igual et al. (2021) found 0.43 g/100 
g DW total flavonoid content in rosehip pomace.  

 

 
Table 2. Total flavonoids and phenols, and antioxidant activity of ethanolic extracts from flours 

Flour 
sample 

Total flavonoids, 
mg QE/g DW 

Total phenols, 
mg GAE/g DW 

DPPH, 
mM TE/g DW 

FRAP, 
µmol Fe2+/g DW 

WF 0.15±0.00d 0.98±0.03d 0.35±0.03d 2.38±0.05d 
CF 1.04±0.00b 1.99±0.06b 7.25±0.03b 25.63±0.07b 
PF 0.27±0.01c 1.25±0.05c 2.41±0.23c 10.43±0.20c 
RF 1.77±0.00a 9.56±0.04a 8.37±0.01a 57.76±0.00a 

a-d: Means in a column without a common letter differ significantly (p < 0.05). 
Results were calculated on a dry matter basis (DW): 87.49% ± 0.04 for WF, 92.12% ± 0.17 for CF, 92.95% ± 

0.02 for PF, and 88.59% ± 0.06 for RF.  
 

Тhe polyphenol content of the flour follows 
the same order as the results for flavonoids, in 
increasing order, as follows: WF, PF, CF, RF 
(0.98-9.56 mg GAE/g DW). The results 
obtained by us for wheat flour were lower than 
those of Zhang et al. (2021) but probably the 
duration of storage of the flour and the 
extraction conditions are the reason for these 
differences. The values of total phenols in PF 
were again lower than those reported by another 
team of authors, according to which total 
polyphenols in pumpkin seed flour are in the 
range 2.44–3.82 mg GAE/g (Peng et al., 2021). 
The most significant source of phenols from the 
three substitute flours studied is RF (9.56 mg 
GAE/g DW) in which the amount of phenols 
was almost 10 times higher than the control 
sample of flour (0.98 mg GAE/g DW). 

The data from DPPH and FRAP methods 
follow the same trend as those for total phenols 

and flavonoids. Again, the highest values of the 
studied 3 additives were measured for RF as in 
comparison with the control the increase was by 
24 times in both methods – from 0.35 to 8.37 
mM TE/g DW and from 2.38 to 57.76 µmol 
Fe2+/g DW, respectively.  Huang et al. (2015) 
also reported that the antioxidant activity is 
directly proportional to the total phenol. As a 
result, the higher was the phenolic content in a 
compound the higher was its antioxidant 
activity. 
 
3.2. Determination of bioactive substances in 
breads 

As can be seen from Table 3, an increase (p 
< 0.05) in total phenols and flavonoids, and 
DPPH and FRAP values was observed with the 
addition of substitute flours to the formulations. 
In our research, bread containing CF, PF and RF 
showed in most of the cases higher values in 
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comparison with the control bread. However, in 
general, the amount of bioactive substances was 
significantly lower than the reported values in 
flour (Table 2). A similar decrease in in vitro 
antioxidant activity in the production of bread 
with the addition of herbs has been reported by 
another authors (Dimov et al., 2018). Probably, 

the heat treatment during the baking of the bread 
damages or destroys the antioxidant compounds 
presented in different flours. According to 
Chlopicka et al. (2012), during thermal 
processes, the antioxidants are subject to 
modifications. 

 
Table 3. Total flavonoid and phenol contents of ethanolic extract from bread samples 

Bread sample Total flavonoids, 
mg QE/g DW 

Total phenols, 
mg GAE/g DW 

Control 0.12±0.00g 0.55±0.03h 
CF5 0.14±0.00f,B 0.96±0.03f,C 
CF10 0.16±0.00cd,A 1.06±0.02e,B 
CF15 0.16±0.01bc,A 1.28±0.04d,A 
PF5 0.15±0.00de,B 0.32±0.01i,C 
PF10 0.16±0.00bc,A 0.80±0.06g,B 
PF15 0.16±0.00b,A 1.09±0.02e,A 
RF5 0.15±0.00e,C 1.49±0.03c,C 
RF10 0.16±0.00bc,B 1.95±0.02b,B 
RF15 0.17±0.00a,A 2.86±0.03a,A 

a-i: Means in a column without a common letter differ significantly (p < 0.05). 
A-C: Means of the three samples (in a column) with various concentrations (5, 10 and 15 %) for a certain type of 

bread without a common letter differ significantly (p < 0.05). 
 
 

 
Figure 1. DPPH	radical scavenging activity of ethanolic extracts from bread samples 

a-e: Means without a common letter differ significantly (p < 0.05). 
A-C: Means of the three samples with various concentrations (5, 10 and 15 %) for a certain type of bread without 

a common letter differ significantly (p < 0.05). 
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Figure 2. Ferric reducing antioxidant power of ethanolic extracts from bread samples 

a-i: Means without a common letter differ significantly (p < 0.05). 
A-C: Means of the three samples with various concentrations (5, 10 and 15 %) for a certain type of bread without 

a common letter differ significantly (p < 0.05). 
 

Results in Table 3, and Figures 1 and 2 were calculated on a dry matter basis (DW): Control – 95.14% ± 0.57, CF5 – 
95.63% ± 0.22, CF10 – 96.10% ± 0.13, CF15 – 96.54% ± 0.46, PF5 – 96.06% ± 0.25, PF10 – 95.63% ± 0.08, PF15 – 

95.95% ± 0.25, RF5 – 95.77% ± 0.13, RF10 – 95.94% ± 0.14, RF15 – 96.20% ± 0.04. 
 

The amount of total flavonoids in the breads 
was in the range 0.12-0.17 mg QE/g DW and 
that of total phenols was 0.55-2.86 mg GAE/g 
DW. The results demonstrated that these 
contents also raised with the increase in the level 
of substitute flours in breads. The highest total 
polyphenol content was found in a bread sample 
with the addition of 15% of RF, while the lowest 
one was seen in bread without additive. The 
percentage increase in bioactive substances in 
breads was not as noticeable as in flour. For 
example, the lowest results were observed for 
flavonoids, where the greatest increase 
compared to the control was less than once. In 
studies by other authors, flavonoids in bread 
were not even registered. For example, Petkova 
et al. (2018) found 45.6 mg QE/100 g total 
flavonoids in flour mixture, but any flavonoids 
were not detected in bread samples prepared 
from the mixture. This due to the greater 
sensitivity of flavonoids at high baking 
temperatures, because most bioactive 
compounds become unstable when exposed to 

heat. The extractability of the bioactive 
components after baking the bread at high 
temperature decreased, which was associated 
with the formation of complexes between 
polyphenols (e.g. flavonoids) with proteins and 
starch. According to Zhang et al. (2011), the 
starch interacts with quercetin, which reduces 
the digestibility of starch, as these interactions 
affect the bioactivity of antioxidants. 
Antioxidant activity of bread enriched with CF, 
PF and RF are shown in Figures 1 and 2. In Fig. 
1, antioxidant activity of bread measured by the 
ability of the test sample to scavenge DPPH 
radical. From the three studied concentrations of 
added flours, the highest values were observed 
at 15% concentration. Rosehip flour addition 
significantly affected (p < 0.05) antioxidant 
activity (DPPH) of enriched bread (4.46 mM 
TE/g DW and 21.61 µmol Fe2+/g DW). From the 
data in Fig. 1 interesting impression was made 
by the use of 5% supplement of CF and PF – 
DPPH values were lower compared to the 
control bread. Probably, that is due to the 
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insufficient amount of imported substitute flour 
since wheat flour was dominant in the mixture. 
Wahyono et al. (2020) also established that 
increased pumpkin powder concurrently 
increased antioxidant activity of resulting bread. 
The highest values were measured when using 
the highest percentage of added flour (20%) and 
the control has the lowest antioxidant activity. 

Of interest is the not so big difference in the 
increase of the value in the FRAP method, when 
5, 10 and 15% PF were used as an additive. 
When adding this flour in a concentration of 5%, 
the value was 4.03 µmol Fe2+/g DW, at 10% - 
4.46 µmol Fe2+/g DW and at 15% - 4.53 µmol 
Fe2+/g DW, as between 10 and 15% there was no 
statistically significant difference in the results 
obtained by the FRAP method. When using CF, 
the increase in FRAP units with an increase in 
the concentration of the additive compared to the 
control was 1.39, 1.95 and 2.21 times, 
respectively. However, when RF is added in the 
same concentrations, the increasement was with 
2.84, 4.81, and 6.57 times, respectively. Irakli et 
al. (2015) replaced wheat flour with rice bran in 
the bread recipe resulted in breads with a 
significantly increased total antioxidant activity. 
The authors found that with the increase of the 
level of rice bran from 10 to 30%, total 
antioxidant activity increased 2 to 5 times 
compared to the control. Increase in antioxidant 
activity within the same limits reported and 
Selimović et al. (2014) when replacing wheat 
flour with buckwheat flour. The inclusion of 15-
40% buckwheat flour led to an increase in 
antioxidant activity from 2 to 5 times.	According 
to our findings, chestnut flour, pumpkin flour, 
and especially rosehip flour are good sources of 
phenols and possessed good antioxidant activity.  
 
4. Conclusions 

The addition of CF, PF and RF increased 
phenolic compounds, flavonoids and 
antioxidant activity when compared to the 
control bread. Their quantity increased with the 
increasing of the level of the substitute flour. 
Тhe highest content of total phenols and 
flavonoids, and the highest antioxidant activity, 
measured by DPPH and FRAP methods, showed 

RF and the breads obtained from it, while the 
lowest were the results for PF and the breads 
obtained from its use. As the results were higher 
than those of the control, these flours have 
proven to be an effective ingredient to enrich 
bread, which can improve its taste, aroma and 
shelf-life.  
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