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Introduction
Epidemiological studies strongly suggest that diet 

plays a signifi cant role in the prevention of many chronic 

diseases associated with free radical reactions. Nowa-
days, hypertension is the most common risk factor for 
coronary heart disease, stroke and renal disease (1,2). It is 
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Summary

In this study, a new application of pumpkin pulp in bread production is shown. The 
aim of this work is to determine the infl uence of the addition of fresh pumpkin pulp di-
rectly into wheat fl our on physical, sensorial and biological properties of bread. The bioac-
cessibility of active compounds was also studied. An increase in the addition of pumpkin 
pulp from 5 to 20 % (converted to dry ma� er) caused a decrease of bread volume and in-
crease of crumb hardness and cohesiveness. The sensory characteristics of the bread 
showed that a partial replacement of wheat fl our with up to 10 % of pumpkin pulp gave 
satisfactory results. The taste, aroma and overall acceptability of control bread and bread 
containing 5 or 10 % of pulp had the highest degree of liking. The addition of higher levels 
of pumpkin pulp caused an unpleasant aroma and taste. Pumpkin pulp is a good material 
to complement the bread with potentially bioaccessible phenolics (including fl avonoids) 
and, especially, with peptides. The highest antioxidant activity was observed, in most cases, 
of the samples with added 10 and 15 % of pumpkin pulp. The addition of the pulp signifi -
cantly enriched the bread with potentially bioaccessible angiotensin-converting enzyme 
(ACE) inhibitors. The highest activity was determined in the bread with 15 and 20 % 
pumpkin pulp. ACE inhibitors from the tested bread were highly bioaccessible in vitro. 
Pumpkin pulp seems to be a valuable source of active compounds to complement the 
wheat bread. Adding the pulp directly to the wheat fl our gives satisfactory baking results 
and reduces the cost of production. Additionally, pumpkin pulp is sometimes treated as 
waste material a� er the acquisition of seeds, thus using it as bread supplement also has 
environmental and economic benefi ts.
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associated with excessive activity of angiotensin-convert-
ing enzyme (ACE), part of the renin-angiotensin-aldoste-
rone system (RAAS), which plays important roles in the 
regulation of blood pressure, performing a protective 
function for the heart and blood circulation system (3). 
The plant material such as seeds (4), fruits (5) and vegeta-
bles (6) are rich in antioxidants and therefore should be a 
signifi cant part of our diet.

Pumpkin (Cucurbita sp.) is cultivated throughout the 
world for use as vegetable as well as medicine. Pumpkin 
itself is a high-yield vegetable, easy to grow, and conse-
quently inexpensive. Pumpkin fl esh is a delicious and 
fully appreciated additive in a diversity of products for 
children and adults. Pumpkin has received considerable 
a� ention in recent years because of the nutritional and 
health-protective value (7,8). Fruits are a source of valu-
able vitamins, minerals, fi bre, carbohydrates and antioxi-
dants (9). Polysaccharides from pumpkin have hypogly-
cemic activity and pumpkin-rich diet could reduce blood 
glucose (10). Pumpkin fruits are consumed in a variety of 
ways such as fresh or a� er thermal treatment of vegeta-
bles.

There are some works investigating the infl uence of 
the addition of pumpkin fl esh or seeds on bread proper-
ties. However, they are focused on bread supplementa-
tion with pumpkin fl our obtained a� er drying and grind-
ing fl esh or seeds (11–15). Such preparation of pumpkin 
fl our is expensive. Thus, we decided to add the ground 
pumpkin pulp directly to the wheat fl our.

The aim of this work is to evaluate the infl uence of 
pumpkin pulp addition to wheat fl our on the properties 
of bread. The physical properties, sensory characteristics 
and biological activity of bread in the light of potential 
bioaccessibility of active compounds are described.

Materials and Methods

Chemicals
Ferrozine (3-(2-pyridyl)-5,6-bis-(4-phenyl-sulphonic 

acid)-1,2,4-triazine), ABTS (2,2’-azino-bis(3-ethylbenzo-
thiazoline-6-sulphonic acid), α-amylase (EC 3.2.1.1), pan-
creatin (from hog pancreas, EC 232-468-9, activity 8×USP 
(United States Pharmacopeia)), pepsin (EC 3.4.23.1), tryp-
sin (EC 3.4.21.4), bile extract (porcine, EC 232-468-9), lin-
oleic acid, ammonium thiocyanate, haemoglobin and 
phosphate-buff ered saline (PBS; 0.01 M phosphate buff er, 
0.0027 M potassium chloride and 0.137 M sodium chlo-
ride, pH=7.4, at 25 °C) were purchased from Sigma-Al-
drich Company (Poznan, Poland). All other chemicals 
were of analytical grade.

Materials 
Bread fl our (white fl our type 750) contained the fol-

lowing: protein 11.5 % (16), gluten 26 % (17), ash 0.76 % 
(18), falling number 280 s (19), and water, with capacity up 
to 500 BU (Brabender Units), 55 % (20). The wheat bread 
fl our was obtained from the local milling industry, and 
the dried instant yeast from Instaferm® (Lallemand Iberia, 
SA, Setúbal, Portugal). Salt and sugar were purchased 
from the local market. Tap water was used in this study.

Pumpkin fruits (Cucurbita maxima L.) cv. Bambino 
were harvested from the Experimental Station of the Uni-
versity of Life Sciences in Lublin, Poland. The rind, fi -
brous ma� er and seeds were removed and the fl esh was 
cut into small pieces about 2 cm×2 cm×2 cm, and was 
pulped in a knife pulper until a homogeneous mass 
passed through the 350-µm sieve (Model 2001, Braun, 
Neu-Isenburg, Germany). The obtained pumpkin pulp 
consisted of (in % on wet basis): moisture 84.6, fi bre 6.1, 
protein 5.7, carbohydrates 5.4 and fat 1.2. Fresh pumpkin 
pulp was added directly to the wheat fl our during dough 
preparation.

Experimental baking
The experimental baking was a small-scale straight-

dough baking test according to the Berlin Institute of 
Technology (21). The dough was prepared with diff erent 
amounts of homogenized pumpkin pulp based on the 
percentage of dry ma� er determined in the range from 0 
to 20 % of the total amount of fl our (i.e. 32.5, 64.9, 97.4 and 
129.9 g of fresh pumpkin pulp (84.6 % moisture) was add-
ed per 100 g of wheat fl our to obtain 5, 10, 15 and 20 % of 
pulp, respectively). The dough was prepared from the fol-
lowing ingredients: fl our, water (58 % on fl our basis), salt 
(2 % on fl our basis) and dried instant yeasts (in an amount 
equivalent to 3 % of compressed yeasts). Loaves of bread 
were prepared a� er mixing (8 min) the dough (300-gram 
pieces) in a slow-speed mixer (type GM-2, Sadkiewicz In-
struments, Bydgoszcz, Poland), fermenting (30 °C, 75–88 
% relative humidity (RH), 60 min, with 1 min transfi xion) 
and proving (30 °C and 75 % RH, 60 min) in a fermenta-
tion chamber (Sadkiewicz Instruments). The loaves were 
baked at 230 °C for 25 min in a laboratory oven (Sadkie-
wicz Instruments). Live steam was injected for 1 min im-
mediately a� er the loaves were placed in the oven. Bak-
ing tests were performed in six replicates. A� er baking, 
the bread was cooled for 2 h at room temperature (21 °C) 
and then wrapped in polyethylene bags.

Evaluation of physical properties of bread
The mass and volume of the baked bread were deter-

mined (21) and the bread loaf volume per 100 g of fl our 
was calculated (21,22). The pH of the bread crumbs was 
measured using a pH meter (TESTO 206-pH2, Pruszków, 
Poland) with penetration probe for semi-solid substances 
(including baked products).

The porosity of bread crumbs was estimated using 
the Dallmann scale in the range of 30–100 (23). Crumb 
grain structure was evaluated and compared visually 
with numbered pa� ern pictures of crumb structure. The 
crumbs with the smallest pores and the densest structure 
had the highest score. Samples characterized by a loose 
structure with large pores scored the lowest.

Textural profi le analysis (TPA) of bread crumbs was 
performed one day and three days a� er baking. The mea-
surements were made with the help of the ZWICK Z020/
TN2S (Zwick Roell Group, Ulm, Germany) strength test-
er. The loaves were sliced mechanically. The slices were 
cut from the middle part of the loaf (30 mm×30 mm×20 
mm, central region of the bread slice) and the tests were 
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done in 12 replicates. In a two-bite test (24), the samples 
were compressed twice (curves 1 and 2), from which tex-
tural parameters were obtained: hardness (peak force 1), 
elasticity (length of base of area 2), cohesiveness (area 2/
area l), chewiness (fi rmness×elasticity×cohesiveness). For 
as ses s ing the changes of textural properties caused by 
storage (degree of staling), the percentage changes of 
hardness were evaluated. The bread crumb texture hete-
rogeneity (25) was assessed from the hardness variations 
in the entire profi le of the bread slice in four samples (30 
mm×30 mm×10 mm) from the slice, in six replicates.

Sensory evaluation
Sensory evaluation was carried out on bread samples 

with diff erent percentages of pumpkin pulp. Subsequent-
ly, the samples were sliced mechanically (slices about 1.5 
cm thick), coded with a number and served to untrained 
consumers. The panel consisted of 52 frequent consumers 
(22–50 years old, 31 females and 21 males), who evaluated 
the overall acceptability of the bread. This hedonic test 
was used to determine the degree of overall liking of dif-
ferent types of bread according to a nine-point hedonic 
scale (1=dislike extremely, 5=neither like nor dislike, 9=like 
extremely). Tap water was used for mouth rinsing before 
and a� er each sample testing (26–29).

Determination of biological activity of bread
Extraction procedure

 Samples of prepared bread (1 g of dry mass, dm) 
were extracted for 1 h with 20 mL of PBS buff er (pH=7.4) 
The extracts were separated by decantation and the resi-
dues were extracted again with 20 mL of PBS buff er. 
Then, the extracts were combined and stored in darkness 
at –20 °C. For the estimation of the potential bioaccessibil-
ity in vitro, digestion was evaluated according to the pro-
cedure described by Gawlik-Dziki et al. (30).

Analytical procedures
 Total phenolic content was estimated according to 

Singleton and Rossi (31) and expressed as gallic acid 
equivalent (mg per g of dm). Total fl avonoid content was 
determined according to Bahorun et al. (32) and expressed 
as quercetin equivalents (mg per g of dm). The concentra-
tion of peptides was calculated from the soluble peptide 
content determined by the trinitrobenzenesulphonic acid 
method with -leucine as the standard (33).

For antiradical activity analyses, the improved ABTS 
decolourisation assay was performed (34). Chelating and 
ferric reducing antioxidant power (CHEL and FRAP, re-
spectively) were determined according to the methods 
described by Guo et al. (35) and Oyaizu (36), respectively. 
FRAP was calculated as EC50 value (mg/mL; half of the 
maximum eff ective concentration at which the absor-
bance was 0.5 and was obtained by interpolation from lin-
ear regression analysis). The OH• scavenging assay was 
performed according to the procedure described by Su et 
al. (37). Angiotensin-converting enzyme (ACE) was pre-
pared according to the procedure of Hayakari et al. (38). 
The ACE inhibitory activity (ACEI ) was measured using 
spectrophotometric method according to Chang et al. (39). 

Antioxidant activity was determined as EC50 value, i.e. the 
extract concentration required to obtain 50 % of antioxi-
dant activity based on dose-dependent mode of action.

Theoretical approach
The following factors were determined to be� er un-

derstand the relationships between biologically active 
compounds in the light of their potential bioaccessibility: 
the active compound bioaccessibility index (ACB):

 ACB=wDE/wBE   /1/

where wDE is the mass fraction of active compounds in the 
extract a� er digestion in vitro (mg/g), and wBE is the mass 
fraction of active compounds in the buff er extract (mg/g); 
and the antioxidant bioaccessibility index (BAC), which is 
an indication of the bioaccessibility of antioxidative com-
pounds:

 BAC=EC50BE/EC50DE /2/

where EC50BE is the value of EC50 (mg/mL) of buff er ex-
tracts, and EC50DE is the value of EC50 (mg/mL) of extracts 
a� er digestion in vitro.

Statistical analysis
Statistical analysis was done at a signifi cance level of 

α=0.05 using STATISTICA v. 7 (StatSo� , Cracow, Poland). 
Measurement scores were subjected to analysis of vari-
ance (ANOVA). When signifi cant diff erences in ANOVA 
were detected, the mean values were compared using the 
Tukey’s test. The Pearson correlation coeffi  cients were 
also determined.

Results and Discussion

Physical properties and quality of bread
 Table 1 presents the eff ect of the addition of various 

amounts of pumpkin pulp (as converted to dry ma� er 
percentage) on the physical and sensory properties of 
bread. Increase in the mass faction of pumpkin pulp in 
wheat dough resulted in the production of bread with de-
creased loaf volume (R=0.991) (Fig. 1).

Recent studies have focused on bread supplementa-
tion with pumpkin fl our obtained a� er drying and grind-
ing pumpkin fl esh. See et al. (14) reported that the specifi c 
volume of bread with 5 % pumpkin fl our was the highest 
compared to the other studied levels of pumpkin fl our, 
which gives the bread a more signifi cant so� ness. On the 
other hand, the results obtained by El-Demery (15) illus-
trated that there were no signifi cant diff erences in loaf 
volume and loaf mass of toast bread made from 100 % 
wheat fl our and toast bread containing 5 % pumpkin 
fl our. In the same research, the addition of pumpkin fl our 
at a fraction up to 5 % caused a reduction in loaf volume 
of toast bread; more signifi cant diff erences were noticed 
between control treatment and treatments which con-
tained up to 10 % of pumpkin fl our.

It was observed that bread with pumpkin pulp had 
smaller and more compact pores, which caused an in-
crease of the value of the Dallmann index of porosity (Ta-
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ble 1). With the increase in the fraction of pumpkin pulp, 
the pH value of bread crumb decreased slightly, but sig-
nifi cantly (p<0.05). The pH of the bread produced from 
wheat fl our was 5.68, while of the bread with 20 % (in 
percentage of dry ma� er) pulp it was 5.49. This pH value 
is typical and acceptable. It depends on the type of fl our 
and other raw materials used in the formulation. For ex-
ample, in the studies presented by Kotancilar et al. (40) 
bread produced from wheat fl our had crumb pH=6.0, 
while with sourdough addition, it was 4.4.

The results of the sensory evaluation of diff erent 
types of bread are presented in Table 1. Colour appears to 
be a very important criterion for initial acceptability of the 
baked product by the consumers. The enriched bread 
crumbs were much more orange than the control bread, 
which had positive infl uence on bread acceptability. Simi-
lar relation was found for sandwich bread enriched with 
pumpkin fl our (13,15). See et al. (14) and El-Demery (15) 
concluded that the colour of bread crumb was signifi cant-
ly aff ected by the addition of pumpkin fl our. They ob-
served that the redness and yellowness signifi cantly in-
creased but light value decreased with higher percentage 
of pumpkin fl our. The taste, aroma and overall acceptabil-
ity of control bread and the bread with fl our substitution 
levels of 5 and 10 % had the highest liking score. The ad-
dition of higher levels of pumpkin pulp caused an un-
pleasant aroma and taste. The sensory scores indicated 
that a partial replacement of wheat fl our in bread with up 
to 10 % pumpkin pulp received satisfactory overall con-
sumer acceptability. In other studies results of sensory in-
vestigation of sandwich bread showed that 10 % substitu-
tion of wheat fl our with pumpkin powder was acceptable 
by consumers (13). Sensory properties (odour, texture 
and overall acceptability scores) of toast bread (15) with 
diff erent levels of wheat fl our substitution with pumpkin 
fl our showed that the bread with 5 and 10 % pumpkin 
fl our received the highest scores for all quality a� ributes.

The addition of pumpkin pulp caused changes in the 
textural properties of bread crumb (Table 2). With the in-
crease in pumpkin content in dough from 0 to 20 %, a lin-
ear increase was observed in bread crumb hardness 
(R=0.995) and chewiness (R=0.983). Results suggest that 
these texture parameters are also a consequence of re-
duced bread volume. The addition of pumpkin pulp re-
duced the elasticity and cohesiveness of bread (R=0.710 
and 0.665, respectively).

The crumb of the bread with the added pumpkin 
pulp was characterized by a lower degree of staling. 
Moreover, the addition of 10, 15 and 20 % pumpkin im-
proved bread crumb structure homogeneity.

Biological activity of enriched bread
There is li� le available research on pumpkin pheno-

lics (vanillic, p-coumaric, sinapic, chlorogenic and syrin-
gic acids) (41). All of these compounds possess biological 
activity, thus it can be assumed that pumpkin pulp is a 

Table 1. Basic properties and sensory evaluation of wheat bread 
with added pumpkin pulp

Basic properties

w(pulp)
%

Loaf volume
cm3

Bread 
pH-value

Dallmann porosity
index of crumb

0   (495.7±11.5)a (5.68±0.06)a (70.0±7.5)a

5   (441.8±5.8)b (5.63±0.07)a (73.3±5.8)a

10   (414.3±2.3)c (5.56±0.08)a  (76.7±5.2)ab

15   (350.7±5.7)d (5.50±0.04)b (86. 7±5.3)b

20   (326.3±5.8)e (5.49±0.03)b (86.7±5.5)b

Sensory evaluation

w(pulp)
%

Crumb
colour Aroma Texture Taste

0 (7.4±0.3)a (8.6±0.4)a (7.7±0.3)a (7.8±0.2)a

5 (7.7±0.3)a (8.4±0.4)a (7.7±0.2)a  (7.9±0.5)ab

10 (8.4±0.3)b (7.7±0.3)b  (7.9±0.5)ab (7.4±0.2)b

15 (8.4±0.2)b (6.6±0.5)c (8.4±0.2)b (6.0±0.3)c

20 (8.6±0.4)b (5.6±0.3)d (8.3±0.2)b (4.5±0.4)d

*Nine-point hedonic scale of sensory evaluation with 1, 5 and 9 
representing extremely dislike, neither like nor dislike, and ex-
tremely like, respectively. Mean values with diff erent le� ers in 
superscript within the same column are signifi cantly diff erent 
(p<0.05)

Fig. 1. Overall view of wheat bread with added pumpkin pulp

Table 2. Texture properties of wheat bread crumb with diff erent amount of pumpkin pulp addition

w(pulp)

%

Hardness

N

Elasticity

mm
Cohesiveness Chewiness

N·mm

Degree of
staling

%

Heterogeneity
index

%

Structure 
quality

0 (3.8±0.3)a (8.0±0.2)a (0.67±0.09)a (20.7±4.0)a (34.2±3.6)a (35.5±4.7)a MHBC
5 (5.0±0.4)b (8.1±0.7)a (0.61±0.02)a (24.7±3.1)a (17.7±4.4)b (31.8±3.0)a MHBC
10 (6.2±0.3)c (7.1±0.2)b  (0.58±0.03)ab (25.4±1.7)a (25.2±2.3)c (20.5±2.6)b HBC
15 (7.4±0.6)d  (7.5±0.6)ab (0.55±0.03)b (30.5±2.7)b  (11.6±3.2)bd (14.6±1.6)c HBC
20 (8.2±0.5)d (6.8±0.5)b  (0.58±0.08)ab (33.0±7.0)b   (8.3±1.3)d (13.9±1.8)c HBC

Mean values with diff erent superscript le� er within the same column are signifi cantly diff erent (p<0.05) 
MHBC=medium homogeneous bread crumb, HBC=homogeneous bread crumb
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good material for bread complementation with bioactive 
components.

Taking into account total phenolic content (Table 3), it 
could be concluded that pumpkin pulp is not a good 
source of hydrophilic phenolic compounds, including fl a-
vonoids; its supplementation did not infl uence signifi -
cantly the total phenolic and fl avonoid content. Contrary 
to these results, complementation of wheat bread with 
pumpkin pulp caused signifi cant increase of buff er-ex-
tractable peptide content.

The activity of phenolic compounds studied in vitro 
(a� er their isolation from food) does not have to be in ac-
cordance with the activity demonstrated in human body. 
The main factors aff ecting the bioactivity of polyphenolic 
compounds include their metabolic transformations and 
bioavailability (42). Therefore, the biological properties of 
active compounds may depend on their release from the 
food matrix during the digestion process (bioaccessibili-
ty) and may diff er quantitatively from those produced by 
the chemical extraction employed in most studies (43).

In vitro models based on human physiology have 
been elaborated as simple, cheap and repeatable tools for 
the study of food component bioaccessibility. They are 
widely used for the study of structural changes, digest-
ibility and food component release in simulated condi-
tions of the alimentary tract (44,45). Phenolic compounds 
from all bread samples were released in digestion in vitro, 
but their highest content was found in the case of bread 
with 10 % pumpkin pulp. Similar relationship was found 
concerning potentially bioaccessible fl avonoids. It can be 
underlined that the content of potentially bioaccessible 
peptides is correlated with the percentage of the added 
pulp. Taking into account the active compound bioacces-
sibility values, it may be concluded that pumpkin pulp is 
a good source of potentially bioaccessible phenolics (in-
cluding fl avonoids) and, especially peptides, for comple-
mentation of bread. The best results were obtained for 
bread with the addition of 5 and 10 % pumpkin pulp, al-
though higher antioxidant bioaccessibility values were 
observed of bread containing 15 and 20 % of pulp.

Most literature data confi rm the fact that bioactive 
compounds were released under in vitro conditions; how-
ever, data concerning their bioaccessibility are scarce. 
From the results of the ABTS assay, it can be concluded 
that the addition of pumpkin pulp signifi cantly enriched 

the bread with buff er-extractable compounds that have 
antiradical activity; although a simple relationship was 
not found. The highest antiradical activity was found in 
bread with 10 and 15 % of pumpkin pulp. Digestion in vi-
tro released antiradical compounds from all tested bread 
samples. The highest antiradical activity was observed of 
samples with 10 and 15 % of pulp, while the addition of 
20 % of pulp caused a slight decrease of the tested activi-
ty. Antiradical compounds from the pulp were highly bio-
accessible in vitro; nevertheless, antioxidant bioaccessibil-
ity index (BAC) values may indicate a possibility to form 
complexes with food matrix components and/or interac-
tion between them. Similar results were obtained in stud-
ies concerning bread enriched with ground onion skin; its 
addition signifi cantly decreased the bioaccessibility of 
radical scavengers, and the antioxidant activity of the 
bread was signifi cantly higher than of the control (27,38), 
which may be partially explained by the formation of fl a-
vonoid-protein complexes. These results were confi rmed 
by those obtained by Świeca et al. (46) concerning the 
bread enriched with quinoa leaf powder. The interactions 
between quinoa leaf phenolics and bread components 
(proteins and starch) infl uenced the antioxidant capacity 
and nutrient digestibility. The supplementation of bread 
with the compounds rich in phenolics improves its phe-
nolic content and antioxidant activity; however, the ob-
tained results were diff erent from those expected. The 
lowering of antioxidant activity may be caused by the 
blocking of reactive groups of polyphenols by bread com-
ponents. This idea was supported by the studies of Świeca 
et al. (47), who showed that the antioxidant potential of 
bread supplemented with onion skin was lower than ex-
pected, which was caused by protein–phenolic interac-
tions. Similarly, interactions between phenolics derived 
from tea, coff ee, cocoa and milk proteins are well known 
as factors contributing to the reduction of free phenolic 
contents and the decrease of the antioxidant activity of 
dairy products (48).

The presented data clearly show that changeable pH 
conditions and/or the action of digestive enzymes caused 
a release of antioxidative compounds able to protect the 
upper part of the gastrointestinal tract against oxidative 
damage. Results presented in Table 4 clearly indicate that 
pumpkin pulp is not a good source of buff er-extractable 
compounds able to chelate metal ions. In all samples, this 
activity (CHEL) was signifi cantly lower than in the con-

Table 3. Mass fraction and bioaccessibility of bioactive compounds in bread enriched with pumpkin pulp

w(pulp)

%

w/(mg/g)

Total phenolic content Total fl avonoid content Total peptide content

BE DE ACB BE DE ACB BE DE ACB

  0 (6.3±0.9)a (19.3±2.0)a 3.06 (2.8±0.1)a   (7.1±1.0)a 2.57 (1.35±0.03)a (16.2±2.2)a 12.00
  5 (6.1±0.7)a (23.5±3.2)b 3.88 (2.6±0.2)a (10.9±0.8)b 4.10 (1.85±0.08)b (26.1±2.3)b 14.11
10 (7.3±1.0)b (29.7±3.1)c 4.05 (3.9±0.2)b (19.0±1.2)c 4.90 (2.20±0.05)c (27.0±2.2)b 12.27
15 (6.8±0.8)b (27.9±2.1)d 2.63 (1.91±0.08)c (12.6±0.6)d 6.58 (2.60±0.05)c (30.6±2.0)c 11.77
20 (7.2±0.9)b (23.3±2.0)b 3.23 (1.96±0.09)c (11.1±1.0)e 5.69 (6.20±0.07)d (31.5±1.9)c   5.08

Mean values with diff erent le� er superscript within the same column are signifi cantly diff erent (p<0.05)
BE=buff er extracts, DE=extracts a� er digestion in vitro, ACB=active compound bioaccessibility index
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trol bread. Although digestion in vitro caused the release 
of active compounds, signifi cantly higher activity was ob-
served only of bread with 5 % pulp. On the other hand, 
active compounds in bread with 5 and 10 % of pulp were 
easily bioaccessible in vitro, as indicated by the value of 
the antioxidant bioaccessibility coeffi  cient. Bread contain-
ing pumpkin pulp caused an increase of reducing power 
in both extracts (buff er and the extract obtained a� er sim-
ulated digestion); however, presented data clearly show 
that in vitro digestion released reductive compounds. 
Higher activity was observed of bread with the addition 
of 5 and 10 % of pulp than of the control sample.

All tested bread loaves were a good source of buff er- 
-extractable components able to neutralize OH radicals 
(Table 4). The addition of the pulp did not infl uence sig-
nifi cantly this activity. Surprisingly, digestion in vitro 
caused slight decrease of the ability to neutralize OH rad-
icals. Additionally, it seems that the addition of pumpkin 

pulp infl uenced slightly negatively the antioxidant activity 
and potential bioaccessibility of active compounds. These 
results may infer that bread with pumpkin pulp may be 
benefi cial in the protection of upper gastrointestinal tract 
from damage caused by free OH radicals.

It should be emphasized that the control bread has a 
rather high antioxidant potential; these results may be ex-
plained by the fact that bread contains bioaccessible phe-
nolic antioxidants, especially ferulic acid and alkylresor-
cinols (49). Additionally, thermally processed foods may 
contain various levels of Maillard reaction products that 
have been reported to have antioxidant activity (50). 
These compounds are likely to be bioavailable in vitro and 
may interact synergistically with pumpkin pulp com-
pounds. The results confi rmed the previously observed 
synergistic interactions between plant bioactive com-
pounds and also food synergy (6).

In general, bread is not a good source of potential mas -
tication-extractable angiotensin-converting enzyme (ACE) 
inhibitors; however, the addition of pumpkin pulp signi-
fi cantly enriched the bread with these compounds. The 
highest activity was determined of bread with 15 and 20 
% of the pulp. In vitro digestion caused the release of ACE 
inhibitors, whose activity was positively correlated with 
the addition of pumpkin pulp. It is worth noting that ACE 
inhibitors from the tested bread were highly bioaccessible 
in vitro; but the highest antioxidant bioaccessibility values 
were obtained with bread containing 5 and 10 % pulp 
(Table 4). The presented results were comparable with the 
results of bread supplemented with barley fl our reported 
by Alu’da�  et al. (51).

High biologically active compound content can be 
used as the fi rst criterion for the selection of food supple-
ments. However, a compound needs to be bioaccessible 
and, thus potentially bioavailable. It seems reasonable to 
assume that pumpkin pulp contains mastication-extract-
able and potentially bioaccessible compounds, playing an 
important role in creating biological activity of enriched 
bread. It must be kept in mind that as a consequence of 
the extensive modifi cation that occurs in the intestinal 
and liver cells, the forms reaching the blood and tissues 
are diff erent from those present in food and thus it is very 
diffi  cult to identify all the metabolites and evaluate their 
biological activity (52). The ratio of bioactive compounds 
plays an important role in the overall activity of their mix-
tures. Accordingly, the necessity for a holistic approach to 
the question of the assessment of the biological activity of 
food supplements is postulated. Statistical analysis showed 
that ability to neutralize ABTS radicals, reducing power 
and ACE inhibitory activity of bread were signifi cantly 
positively correlated with total phenolic compounds, fl a-
vonoids and peptide content (Table 5).

Our data support previous reports indicating the su-
perior eff ects of whole foods over their isolated constitu-
ents and demonstrate the relevance of the food synergy 
concept (53). Contrary to this, no simple relationship is 
found in the case of chelating power, whereas OH scav-
enging ability was negatively correlated with the content 
of all tested biologically active compounds. Presented 
data confi rmed very complicated interactions between ac-

Table 4. Biological activities of bread with the addition of 
pumpkin pulp

Antioxidant
assay

w(pulp)

%

EC50/(mg/mL)
BAC

BE DE

ABTS

  0 (87.0±0.8)a (14.2±1.1)a   6.13
  5 (75.7±2.9)b (13.3±2.1)a   5.68
10 (67.6±2.8)c (11.9±0.2)b   5.66
15 (68.3±0.5)c (12.8±0.2)b   5.43
20 (69.4±3.1)c (15.1±1.1)a   4.54

CHEL

  0 (38.7±9.9)a (37.7±6.4)a   1.03
  5 (59.7±4.3)b (29.1±3.8)b   2.06
10 (78.7±6.8)c (39.1±0.4)c   2.02
15 (50.6±7.0)d (49.4±6.9)d   1.03
20 (61.6±3.5)b (55.1±8.3)e   1.12

RED

  0 (168.50±39.06)a (77.1±6.1)a   2.19
  5 (151.5±12.6)b (55.0±5.0)b   2.75
10   (82.7±10.8)c (40.6±1.9)c   2.04
15 (116.9±19.2)d  (100.2±15.6)d   1.17
20 (160.0±16.8)e (64.1±3.3)e   2.50

OH

  0   (1.31±0.06)a   (1.38±0.03)a   0.95
  5   (1.22±0.02)b   (1.5±0.3)b   0.79
10   (1.20±0.07)b   (1.44±0.06)b   0.83
15   (1.25±0.05)b   (1.67±0.05)c   0.75
20   (1.20±0.02)b   (1.5±0.2)a   0.81

ACEI

  0   (4761.9±20.9)a (225.4±13.2)a 21.13

  5   (3225.8±19.6)b     (133.1±8.1)b 24.24

10   (1923.1±11.5)c       (92.2±5.1)c 20.85

15     (793.6±9.2)d       (54.7±6.2)d 14.51

20     (201.2±7.2)e       (20.9±6.7)e   9.62

Mean values with diff erent superscript le� er within the same 
column are signifi cantly diff erent (p<0.05)
BE=buff er extracts, DE=extracts a� er digestion in vitro, ABTS= 
ability to quench ABTS radicals, CHEL=chelating power, RED= 
reducing power, OH=ability to quench OH radicals, ACEI=ability 
to inhibit ACE, BAC=antioxidant bioaccessibility index
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tive compounds in the whole foods and indicated the 
need for further research.

The results obtained by Durak et al. (54) concerning 
interactions between active phytochemicals derived from 
coff ee and cinnamon suggest that the gastrointestinal 
tract might act as an extractor, whereby antioxidative 
com pounds are progressively released from the food ma-
trix and made bioaccessible, which shows that the food 
matrix and/or its changes during digestion may play an 
important role in creating health benefi ts of functional 
food.

Conclusions

In conclusion, pumpkin pulp seems to be a valuable 
source of active compounds for wheat bread complemen-
tation. Adding the pumpkin pulp directly to the wheat 
fl our gives satisfactory baking results and reduces the 
cost of production. Increase in the pumpkin pulp fraction 
(in the range from 0 to 20 %) in wheat dough resulted in 
the production of bread with decreasing loaf volume and 
increasing crumb hardness and chewiness. It was ob-
served that bread with pumpkin pulp had smaller and 
more compact pores. The crumb of the enriched bread 
was much more orange than that of the control bread, and 
this had a positive infl uence on bread acceptability. The 
quality and sensory characteristics indicated that a partial 
replacement of wheat fl our in bread with up to 10 % (in 
percentage of dry ma� er) of pumpkin pulp gave satisfac-
tory results. Higher levels of pumpkin pulp caused an 
unplea sant aroma and taste. It was shown that the pulp 
possesses high biological potential, especially angioten-
sin-converting enzyme inhibitory and antioxidant activi-
ties. Additionally, pumpkin pulp is sometimes treated as 
waste material a� er seed acquisition, thus using it for 
bread supplementation also has environmental and eco-
nomic benefi ts. Further studies are necessary to address 
the correlation between the release of biologically active 
compounds from solid matrices under physiological con-
ditions, their transepithelial passage, chemical modifi ca-
tions and the combined interference with basic cellular 
properties determining antihypertension and antioxidant 
activities.
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