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Abstract

Significant amounts of minerals, vitamins, carotenoids and other bioactive substances, as well as documented health-
promoting activity, make pumpkin flour (PF) an interesting food additive. In this article, the influence of PF addition (2%
and 4%) on quality, acoustic and textural properties, colour, potential renal acid load (PRAL) and consumer acceptance of
extruded corn snacks was evaluated. The results showed that PF addition can be used for production of sensorily attractive
extrudates with lowered acidity. However, changes in the general characteristics of extrudates were observed. The
expansion ratio and water solubility index decreased, while the bulk density and water absorption index increased. Changes
of colour were observed as well. PF addition resulted in significantly decreased hardness and breaking force index.
Moreover, the acoustic properties (total loudness, crackliness, crispness and crunchiness) of the extrudates produced with
PF were different from the control. The total loudness, crackliness, crispness as well as crunchiness in extrudates enriched
with PF significantly decreased (p < 0.005) with increasing percentage of PF in the product. Nevertheless, the results of the
consumer study indicated that the addition of PF improved the taste and appearance of extrudates, thus increasing the
overall acceptability of the final product.
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1 Introduction

Over recent decades, consumer requirements for food

products have changed significantly. Consumers expect

that today’s food will not only satisfy hunger and provide

4 Przemystaw Eukasz Kowalczewski necessary nutrients, but will also prevent nutrition-related
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toret et al. 2011; Goetzke et al. 2014). There is also a
growing interest in ready-to-eat products, for example
extruded corn snacks. The high consumer attractiveness as
well as the low manufacturing costs make them a good
matrix for creating functional and healthy food. They are
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rich source of carotenoids and other bioactive substances,
such as phenolic compounds (Akwaowo et al. 2000; Caili
et al. 2006; Cerniauskiene et al. 2014). Moreover, it con-
tains significant quantities of alkalizing elements such as
potassium, calcium or magnesium, which positively affect
the acid-alkaline balance of the body. In addition, it has
shown anti-carcinogenic and anti-sclerotic properties (Caili
et al. 2006; Yadav et al. 2010). Increased pumpkin con-
sumption can also play an important role in the prevention
of hypertension (Kwon et al. 2007).

Extrusion cooking is a high temperature (up to 220 °C)
process that uses short processing periods (HTST: High
Temperature Short Time). The parameters of the process
determine the extent to which thermolabile nutrients and
bioactive compounds are degraded. Proper selection of
extrusion parameters not only allows preserving nutritional
value but also can improve the bioavailability of certain
bioactive compounds. Zielinski et al. (2001) reported that
extruded cereal products contained three times as much
ferulic acid as products obtained using traditional methods.
Similarly, the content of total phenolic compounds was
increased in extruded products with vegetable additives
(Shih et al. 2009; Stojceska et al. 2008). Such changes are a
result of forces exerted on the raw material during the
extrusion process.

The most commonly used raw materials for extrusion
are cereal products containing starch and protein, such as
corn, rice or wheat (Dehghan-Shoara et al. 2010; Gumul
et al. 2011; Guy 2001). Addition of small amounts of
vegetables into extruded cereal snacks not only enriches it
in health-promoting bioactive compounds, but may also
improve the taste, smell or appearance of extrudates. The
sensory and textural properties of extrudates are critical to
consumer acceptance (Szczesniak 2002). The production of
attractive extrudates with desired characteristics can be
obtained by proper selection of the extrusion conditions
(Lazou and Krokida 2010; Lazou et al. 2010). The simul-
taneous effect of high temperature, high pressure and
mechanical shear causes cooking and plasticization of the
raw material and at the same time creates the characteristic
fragile and crunchy structure of thus obtained products.
Acoustic emission accompanying consumption is also an
important sensory property (Chauvin et al. 2008). Con-
sumers usually associate food products with noticeable
acoustic emission with positive, healthy and fresh food.
Lacking acoustic properties suggest poor quality and often
lead to the loss of consumer acceptance (Salvador et al.
2009; Stangierski et al. 2016; Van Hecke et al. 1998).

Therefore, the aim of this study was to determine the
effect of pumpkin flour on physical and acoustic properties
of extruded corn snacks. A consumer acceptance evalua-
tion was performed in order to supplement the results of
instrumental analyses.

@ Springer

2 Materials and methods
2.1 Materials

Corn grits (CG) with a granulation of 850—1250 um were
purchased from Grygier Corn Mill (Wonies¢, Poland).
Pumpkin flour (PF) was obtained from The Cooperative of
Organic  Agriculture Products “Dolina Mogilnicy”
(Wolkowo, Poland).

2.2 Preparation of extrudates

CG were mixed with pumpkin flour in the following ratios:
PFE2: 2% PF/98% CG, PFE4: 4% PF/96% CG. The con-
trol corn extrudates (denoted as C) were prepared without
addition of PF. PF and CG were mixed and then the level
of raw material was established at 18%. All the extrudates
were prepared with the use of an S-45 single-screw
extruder (Metalchem, Gliwice, Poland). The L:D ratio was
12:1, the screw diameter: 45 mm and length: 550 mm and
compression rate of 3:1. The maximum motor power
14 kW and the capacity of the extruder was 25 kg/hour. A
die with round hole of 3.5 mm diameter was placed at the
end of the barrel. The following processing conditions were
applied: temperature: section I 135 °C; section II 180 °C;
head 135 °C; screw rotations 75 rpm. Following extrusion,
the extrudates were packed in polypropylene pouches and
stored at room temperature.

2.3 Chemical composition and water activity

The nitrogen content was determined using Kjeldahl
method according to PN-EN ISO 20,483 and was used to
calculate the protein content by multiplying the result by
the conversion factor of 6.25. The ash content was deter-
mined according to AACC Method 08-01.01. Measure-
ments of water activity were performed according to ISO
Method 18,787 (2017) with the use of AquaPro Water
Activity Meter (Decagon Devices Inc. Pullman, USA). The
concentrations of calcium (Ca), magnesium (Mg), and
potassium (K) were determined using atomic absorption
spectroscopy in the flame (F-AAS) (SpectrAA-800, Varian,
USA) following prior mineralization with nitric acid (Ry-
bicka and Gliszczyﬁska—gwiglo 2017). The content of P
was determined spectrophotometrically at 640 nm accord-
ing to Szydtowska-Czerniak and Sztyk (2003). The content
of minerals was expressed in mg per 100 g of sample.

2.4 Physical properties of extrudates

The expansion ratio (ER) was determined as the ratio of the
extrudate diameter to the nozzle diameter (Makowska et al.
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2018). Water Absorption Index (WAI) and Water Solu-
bility Index (WSI) were determined according to the
method described by Singha et al. (2018). The bulk density
(BD) of the extrudates was calculated as a ratio of extru-
date weight to its volume (Ali et al. 1996). The colour of
obtained extrudates was measured using a Chroma Meter
CR-410 colour metre (Konica Minolta Sensing Inc.,
Tokyo, Japan) in CIE L*a*b* system in terms of lightness
(L*) and colour (a*—redness; b*—yellowness) (Kowal-
czewski et al. 2015). The colour measurement was con-
ducted in ten replicates. Moreover, the total colour
difference (AE) was calculated using the following formula
(Pauter et al. 2018):

AE = /AL + Aa*? + Ab*2

2.5 Calculation of PRAL

The potential renal acid load (PRAL) of obtained extru-
dates was calculated following the procedure of Remer
et al. (2003) based on average content of PRAL-deter-
mining factors, i.e. protein, Ca, Mg, phosphorus (P) and K
contents, by the following formula:

PRAL(mEq/100g) = 0.49 x protein(g/100g) + 0.037
x P(mg/100g) — 0.021
x K(mg/100g) — 0.026
x Mg(mg/100g) — 0.013
x Ca(mg/100g).

2.6 Texture analysis

Texture was analysed following the procedure of
Makowska et al. (2018) using a TA.XTplus texture anal-
yser (Stable Micro System Co. Ltd., England) equipped
with a 50 kg load cell and a Warner—Bratzler blade to cut
across the diameter of the sample. The test speed was
2.0 mm/s. Maximum force to cut the sample was recorded
as the hardness [N]. Additionally, the Breaking Force Index
(BFI) [N mm '] was calculated as a ratio of the maximum
force required to cut the sample into two pieces to diameter
of analysed sample (Chaiyakul et al. 2009). The experi-
ment was conducted in fifteen replicates.

2.7 Acoustic emission properties of extrudates

The analysis of the acoustic emission properties of the
obtained extrudates was carried out using the analyser of
the acoustic properties of food products (COBRABID Ltd.
Poland) (Poliszko et al. 2017). The analysis was performed
in ten replicates. Mechanical biting simulator applied was
equipped with an accelerometric sensor of acoustic

emission, operating in the frequency range from 3 Hz to
20 kHz. The emission spectra in this frequency range were
acquired with the use of a one-third-octave band-pass filter.
The following audio-sensory properties of the products
were evaluated: total loudness (N) and volume values of
individual audial features: crackliness (A), crispness (/) and
crunchiness (U). The values were expressed on a 10 point
scale calibrated on the basis of sensory evaluation of a
reference product (Bake rolls—a snack product in a form
of thinly sliced rounds of twice-baked bread). The values of
the measurements were determined based on the following
equation:

(Lx—Lg)-oax

Ny =Nr-10" 0 |

where N, is the volume of the sensed characteristic e.g.: A,
I, U and N; Ny is the volume of the sensory characteristics
of the reference product assessed (Bake rolls); L, is the
measured integral acoustic emission level of the test sam-
ple; L, is the measured integral acoustic emission level of
the standard; o, is the calibration factors of the instru-
mental-sensory relationships for dry products (Poliszko
et al. 2014).

2.8 Consumer study

Consumer rating was evaluated according to the 9-point
hedonic line scale (ranging from 1—dislike very much to
9—Ilike very much) (Villanueva et al. 2000). Fifty-five
untrained panellists, between the age of twenty and sixty-
five, were asked to evaluate the appearance, colour,
crispiness, taste, texture and overall acceptability of man-
ufactured extrudates. The information about gender and
consumers ages is presented in Table 1.

2.9 Statistical analysis

All measurements were repeated in triplicate, unless
otherwise stated. One-way analysis of variance (ANOVA)
was carried out independently for each dependent variable.
Post-hoc Tukey HSD multiple comparison test was used to
identify statistically homogeneous subsets at o = 0.05.
Statistical analysis was performed with Statistica 13 soft-
ware (Dell Software Inc., USA).

Table 1 Age characteristics of respondents

Age (years) Total (n = 55) Women (n = 35) Men (n = 20)
20-29 20 11 9
30-39 19 12 7
40-49 11 3
> 50 5 1
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3 Results and discussion
3.1 Physical characteristics of extrudates

The addition of PF altered the physical properties of the
analysed extrudates (Table 2). Expansion ratio (ER) is one
of the quality indicators of extrudates. The higher the ER of
an extrudate is, the better it is perceived by a consumer. A
decrease in the ER was observed with the increase of PF
addition. A reverse relationship was noted for the bulk
density (BD) of extrudates. In this case, the addition of PF
resulted in an increase in BD. The expansion ratio and the
bulk density of extrudates is strongly associated with the
chemical composition of raw materials used for the pro-
duction of extrudates. For example, high content of dietary
fibre in the extruded raw material causes a reduction of the
expansion ratio and an increase of the density of the
obtained products (Robin et al. 2011). It should be noted,
that variants with 6 and 8% PF were initially also prepared
but they have shown unacceptable ER and taste (data not
shown).

The addition of PF also caused changes of WAI and
WSI values. These parameters correspond to the degree of
starch gelatinization resulting from extrusion. The WAI
value increased from 627.45 g/g for C to 698.88 g/g for
PFE4, while the WSI value decreased from 36.78 to 30.54,
respectively (Table 2). The WAI value depends on the
temperature of the extrusion process. With increasing
temperature, the starch gelation process is more effective
and less dextrinized starch is formed. Also the WSI value
depends on the parameters of the extrusion process, such as
intensive mechanical shear, high pressure and temperature
(Gumul et al. 2011; Makowska et al. 2018; Peksa et al.
2016). As all the extrudates were produced with the same
parameters of the extrusion process (Ding et al. 2005;
Makowska et al. 2018), the changes observed to WAI and
WSI values result strictly from the modification of the raw
materials. A high value of WSI is not desirable from
nutritional point of view as it indicates fast digestive pro-
cess and intestinal absorption (Altan 2009). No effect of PF
addition on water activity was observed, which was

0.238 £ 0.016, 0.239 4+ 0.011 and 0.232 4+ 0.025 for C,
PFE2 and PFE4, respectively.

The colour of food products is one of the basic param-
eters affecting consumer acceptance. The PF addition
influenced the colour of the products (Table 3). With
increasing amounts of PF addition the value of lightness
(L*) decreased, while the green/red (a*) colour balance
was shifted towards red. The addition did not change the
yellow/blue colour balance (b*). Nevertheless, the overall
colour difference (AE) value indicates a significant effect
of PF addition on the colour of the extrudates. A colour
difference value (AE) above 2 can be noticed by an inex-
perienced observer (Mokrzycki and Tatol 2011). The total
colour differences in the analysed extrudates were 2.77 for
PFE2 and 6.40 for PFE4, which indicates that colour
changes can be noticed even by an inexperienced observer.

Pumpkin and pumpkin-based products, such as flour, are
an important source of many nutrients, including minerals
(El-Adawy and Taha 2001; National Nutrient Database for
Standard Reference 2016; Zdrojewicz et. al. 2016). The
pumpkin flour used in the present study was also charac-
terised by a high content of macroelements. The content of
Ca was 187 4+ 17 mg in 100 g, of K was 3034 4+ 103 mg
in 100 g, of Mg was 1070 £ 132 mg in 100 g and of P was
393 £ 22 mg in 100 g. For reference, the content of the
mentioned macroelements in 100 g of plain and wholemeal
wheat flour is approx. 20 and 35 mg of Ca, 100 mg and
350 mg of K, 10 and 100 mg of Mg, and 70 and 300 mg of
P, respectively (National Nutrient Database for Standard
Reference 2016). The content of Ca, K, Mg and P in
analysed extrudates is presented in Table 4. As expected, a
statistically significant increase (p < 0.05) in the concen-
tration of these elements were observed. The elemental
profile of pumpkin flour makes it a valuable ingredient for
improving the nutritional quality of corn extrudates.

3.2 The effect of PF addition on potential renal
acid load

Diet determines the amount of acidifying agents supplied
to the organism that have to be excreted through the kid-
neys to maintain a proper acid-base balance. One of the

Table 2 Physical characteristics

and potential renal acid load of Sample ER O BD (g/cm3) WAL (g/e) WSI (%)

extrudates (n = 3) C 427 + 017 0.030 + 0.001¢ 627.45 + 16.60° 36.78 + 4.84°
PFE2 4.06 £ 0.09°° 0.040 £ 0.002° 670.93 + 6.48° 34.67 £ 1.09°
PFE4 376 £ 0.12° 0.045 £ 0.001° 698.88 + 24.80° 30.54 + 0.48°

Mean + Standard Deviation values with different letters (a—c) in the columns are significantly different

(p < 0.05)

C control extrudates, PFE2, PFE4 extrudates with 2% and 4% pumpkin flour, respectively, ER expansion
ratio, BD bulk density, WAI water absorption index, WSI water solubility index

@ Springer
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Table 3 Colour parameters of obtained extrudates (n = 10)

Sample  L* a* b* AE
C 81.21 +£0.25* 1.21 £0.01° 33.20 + 0.50° -
PFE2 79.03 + 045>  2.82 +0.24° 3380 & 1.94° 277

PFE4 75.73 £ 0.04° 450 £ 0.01"  33.60 + 0.50°  6.40

Mean =+ Standard Deviation values with different letters (a—c) in the
columns are significantly different (p < 0.05)

C control extrudates, PFE2, PFE4 extrudates with 2% and 4%
pumpkin flour, respectively, L* lightness, a* redness, b* yellowness,
AE total colour difference

methods of estimating the acid load of food is based on
calculating PRAL which allows an estimation of the net
excretion of endogenous acid for a given amount of food
intake per day. The calculation model takes into account
the amount of ingested minerals and protein, different
levels of intestinal absorption of specific minerals, and the
metabolism of sulphur (Remer and Manz 1995; Remer
et al. 2003; Scialla and Anderson 2013). Generally, foods
can be categorised on the basis of the PRAL in two groups:
deacidifying and acidifying. Products with a low phos-
phorus content, fruit and vegetables and products con-
taining them have the ability to deacidify the body, thus the
PRAL indicator takes negative values. Meat and dairy
products have relatively high acid loads and hence positive
PRAL indicator values (Schwalfenberg 2012). The calcu-
lated PRAL value of pumpkin flour was — 50.04, which
indicates a strong alkalizing effect of this raw material.
Cereals and cereal products are considered acidifying
products (Remer et al. 2003), however, the PRAL value for
C was — 9.75 (Table 4). The use of the PF additive in the
recipe resulted in a decrease of this parameter by 4 points
for PFE2 and by almost 6 points for PFE4. Published data
also indicate that pumpkin and pumpkin flour, due to high
fibre content, as well as other biologically active com-
pounds, such as [-carotene, vitamin A, tocopherol and
vitamins (Nawirska et al. 2009; Wang et al. 2002; Zhang
et al. 2000) can help regulate insulin levels in serum,
reduce blood glucose level (Quanhong et al. 2005). Fur-
thermore, it can provide protection against diseases such as
diabetes, cardiovascular disease, constipation and colon

Table 4 Chemical composition of obtained extrudates (n = 3)

cancer (Anderson et al. 1994; Kwon et al. 2007; Zdro-
jewicz et al. 2016). Thus, pumpkin flour can be a valuable
raw material for pro-health food products.

3.3 Textural and acoustic properties

The textural properties of extrudates with PF were deter-
mined by measuring the hardness and calculating the
breaking force index. The addition of 4% PF resulted in
decreased hardness and BFI compared to control (Table 5).
However, no significant changes were observed in the
value of the analysed parameters for PFE2 extrudates. The
use of various additives for the production of corn extru-
dates may result in a number of changes in textural prop-
erties, usually increasing their hardness. For example, Li
et al. (2005) showed an increase in the hardness of corn
extrudates with the addition of soy flour. Also other pro-
tein-rich additives (Anton et al. 2009; Cheng et al. 2007;
Lazou and Krokida 2010), as well as fibre-rich additives
(Ainsworth et al. 2007; Altan et al. 2008) may increase the
hardness of enriched extrudates. However, the use of
vegetable additives may cause changes in the formation of
a porous structure of extrudates, and consequently, reduce
the hardness (Dehghan-Shoar et al. 2010). All these
changes have potential effects on the audio-emission
properties of extrudates.

In general, consumer acceptance of food that shows
acoustic activity depends strongly on the identification of a
specific timbre of sound perceived during consumption.
The spectrum of emitted sounds is decisive for differenti-
ation of these timbres (Dematté et al. 2014; Duizer 2001;
Spence 2015). With this in mind, the spectra of acoustic
emission of the extrudates were analysed. In Fig. 1, dif-
ferential spectra obtained through subtraction of the signal
volume of the sample from the signal volume of the ref-
erence tested alternately (first the reference sample and
after that the test sample in the cycles, repeated 10 times) in
the same conditions. This way of presentation makes the
results free from any artefacts of instrumental origin.

The spectra off all the samples showed noticeable sim-
ilarity indicating certain analogy of the structural organi-
sation of the extrudates, from which the acoustic

Sample Protein content Ash content (%) Mg (mg/100 g) P (mg/100 g) K (mg/100 g) Ca (mg/ PRAL (mEq/
(%) 100 g) 100 g)

C 9.04 + 0.07* 0.429 & 0.063° 182.99 + 5.96° 576.25 + 6.41" 1446.90 & 11.12° 27.28 & 0.63° —9.75

PFE2  8.81 4 0.14° 0.440 £ 0.072*° 196.17 + 2.23" 55298 + 4.43° 1574.95 + 10.51> 3145 + 1.11> — 13.76

PFE4 8.53 £+ 0.15° 0.529 + 0.088* 211.66 + 3.21* 539.68 + 6.26° 1615.69 + 12.13* 34.57 £ 1.21* — 15.59

Mean =+ Standard Deviation values with different letters (a—c) in the columns are significantly different (p < 0.05)

C control extrudates, PFE2, PFE4 extrudates with 2% and 4% pumpkin flour, respectively

@ Springer



126

N. Poliszko et al.

Table 5 The mechanical properties of extrudates (n = 15)

Table 6 Characteristics of audio-emission properties (n = 10)

Sample Hardness (N) Breaking force index (N/mm) Sample N A I U

C 9.01 £ 0.49° 0.62 £ 0.09° C 6.17 + 0.42% 6.04 + 0.49° 6.45 + 0.39*° 5.93 + 0.38%
PFE2 8.80 + 0.85% 0.60 £ 0.06° PFE2  6.07 &+ 0.32° 594 + 0.38* 6.34 + 0.29* 5.85 £ 0.30°
PFE4 6.36 £ 0.32° 0.48 + 0.06° PFE4  4.80 £+ 042° 4.36 + 0.50° 5.33 + 0.47° 4.58 + 0.41°

Mean =+ Standard Deviation values with different letters (a—b) in the
columns are significantly different (p < 0.05)

C control extrudates, PFE2, PFE4 extrudates with 2% and 4%
pumpkin flour, respectively

phenomena result. At the current state of the art, there is a
lack of data that would facilitate interpretation of such
observations. Hypothetically, it can be assumed that, the
acoustic emission in the high frequency range is associated
with longitudinal vibrations during disruption of the cell
walls and destruction of starch matrix, while the emission
in the low frequency range results from brake down and the
crosswise vibrations of the walls. Under this assumption,
the decreased volume of emission in the case of PFE4
(Fig. 1) can be attributed to a plasticizing effect of the
additive. The spectrum generated by PFE2 did not indicate
such effects. Contrary to PFE4, some regions of this
spectrum suggest an opposite effect of the additive. It
should be noted that correlating the spectra of acoustic
emission with the perception of a consumer must take into
account the alteration of the signal by the acoustic prop-
erties of human head: especially the resonance of the skull,
mouth and the outer ear canal. The method utilised in this
study, based on the calibration of the instrument according
to sensory perception, seems to be the most effective
(Poliszko et al. 2017).

Audio-sensory analysis distinguishes three basic sound
features of a food product: crackliness (A), crispness
(D and crunchiness (U) (Chauvin et al. 2008; Stangierski
et al. 2016). Similarly to the RGB system used in col-
orimetry, the quantitative description of a product-specific

Fig. 1 Differential spectra of 10
the acoustic emission signal of
the extrudates relative to the 5 ft
standard signal of Bake rolls [\
samples 0
z
= 5
w
—
o 10
=
-15
-20
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Mean =+ Standard Deviation values with different letters (a—b) in the
columns are significantly different (p < 0.05)

C control extrudates, PFE2, PFE4 extrudates with 2% and 4%
pumpkin flour, respectively, N total loudness, A crackliness, / crisp-
ness, U crunchiness

timbre can be presented in an AIU system, for example, in
a 10-degree scale based on sound perception. Moreover,
such numerical description can be complemented with total
loudness (N) value, a parameter analogous to lightness L in
the LAB system used in colorimetry.

The parameters of NAIU (N—Iloudness, A—crackliness,
[—crispiness, U—crunchiness) system describe the timbre
of a product in an unambiguous manner. The system can be
used for monitoring changes resulting from the alteration
of composition or storage conditions. Moreover, the system
could become a method for identification and differentia-
tion of products based on their acoustic emission propri-
eties or quality evaluation. The results of the analysis
(Table 6) show that no significant changes to the acoustic
properties of the extrudates were triggered by a 2%
pumpkin flour addition (PFE2), as was also the case in
texture analyses. A decrease of the total volume and the
specific acoustic features were observed in PFE4.

3.4 Consumer attractiveness of enriched
extrudates

Introducing additives into the recipe of food products is not
a simple task. On the one hand, additives can increase the
nutritional value of the developed product, on the other,

——PFE2
—e—PFE4

100 1000
Frequency [Hz]

10000 100000
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Appearance
10
8
Overa.l . Colour
acceptability 4
2 —C
o PFE2
PFE4
Taste Texture
Crispiness

Fig. 2 The results of the consumer study (n =55). C control
extrudates, PFE2, PFE4 extrudates with 2% and 4% pumpkin flour,
respectively

cause change to various properties in relation to the con-
ventional product. Changes in physicochemical and
mechanical properties, including acoustic properties, may
lead to changes in consumer perception of the obtained
product (Sun-Waterhouse and Wadhwa 2013). The results
of the consumer study (Fig. 2) show that extrudates with
addition of PF found higher consumer acceptance than the
control snacks. Despite the instrumentally determined
textural changes no difference in texture and crispiness was
noticed by consumers between PFE2, PFE4 and C. Also
Peksa et al. (2016) report that the use of pumpkin additive
lowers the marks awarded to the texture of products enri-
ched with it. The participants of consumer study pointed
out that extrudates with 2% addition of PF had a more
attractive colour than C, but increasing the PF additive
resulted in a decreased colour rating. Published literature
data confirm that a small addition of pumpkin can have a
positive impact on the assessment of enriched products by
consumers, but the more additive the less attractive prod-
ucts become (Kampuse et al. 2015; Mirhosseini et al.
2015). Nevertheless, the overall acceptability scores
achieved by the PFE2 and PFE4 were higher than C. Thus,
it is possible that among consumers paying attention to
health-promoting food products, extrudates with PF addi-
tion would find better acceptance than the standard product.

4 Conclusions

In this paper, the impact of introducing pumpkin flour to
corn grit-based extrudates was analysed. It was found that
the PF addition caused a reduction in extrudate expansion
as well as water solubility index but caused an increase in
bulk density and water absorption index. Changes of colour
were observed as well. The addition of PF caused a

reduction in lightness of extrudates and a shift in colour
balance toward green. In addition, the introduction of PF
caused a number of changes in the textural characteristics
of the products obtained. The hardness and breaking force
index were significantly reduced as the amount of PF
increased. Audio-emission parameters (total loudness,
crackliness, crispness and crunchiness) were also affected,
with a decrease in volume of all these features observed at
higher level of PF. Nevertheless, taking into account the
slight change in texture and sensory acceptance, pumpkin
flour can be used in production of corn snacks with lower
acidity.
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