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The aim of this study was to evaluate the influence of the addition of fresh beetroot pulp in amounts from 2.5 to 30.0 g/100 g, as well as variable
screw speeds (60, 80, 100 rpm) on the chemical composition, water absorption, water solubility index, density, expansion rate, and texture of potato-
based pellets and expanded snacks. Their protein and starch structure was analyzed using the Fourier-transformed infrared (FTIR) spectroscopy.
The snack pellets were made at a moisture content of 33 g/100 g of blends using a single-screw extruder equipped with a plasticizing unit having
a length-to-diameter ratio (L/D) of 18. Processing temperature ranged from 65 to 105°C. The ready-to-cat snacks were expanded using microwave
treatment (750 W, 40 s). Fresh vegetable pulp addition raised the protein content. The extrusion-cooking caused an increase in the content of insoluble
dietary fiber and water absorption index of the pellets. In contrast, the microwave treatment reduced values of these parameters in expanded products
and decreased the insoluble dietary fiber content of the expanded snacks. The addition of fresh beetroot pulp diminished the expansion ability and in-
creased the content of B-sheet proteins. Additionally, an increase in the content of B-turn and p-sheet protein fractions was observed at the expense
of random coil structure. This indicates that the protein structure underwent some form of ordering as the molecular interactions of the proteins
intensified. The highest fraction of B-structures and the smallest content of random coil were observed when 80 rpm was applied during processing.
It seems to be the most efficient screw speed in processing fresh beetroot pulp-supplemented snack pellets. Application of a fresh beetroot pulp as an
additive in microwave expanded snacks made it possible to obtain products with an increased amount of fiber and a reduced fat content as an attractive

and healthy alternative to deep-fried snacks.

INTRODUCTION

One of the most popular natural polysaccharides used
in snack manufacture is starch, being a carbohydrate made
of amylose and amylopectin fractions. Its botanical origin
determines the main changes in starch processing and qual-
ity of final products [Sakac et al., 2020]. Starches of vari-
ous biological origin differ in the degree of polymerization,
the amylose to amylopectin ratio, and molecular organization
of the crystalline regions of granules [Btaszczak ef al., 2005].
The knowledge of physicochemical, functional, and structural
properties of starch, such as gelatinization, retrogradation,
solubility, swelling power, water retention capacity, rheologi-
cal behavior, and pasting properties are very useful in snack
production [Sanchez-Gonzalez et al., 2019].

The Fourier-transformed infrared (FTIR) spectroscopy
is a universal analytical technique that can be applied to an-
alyze structural changes in processed materials [Kowalczuk
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& Pitucha, 2019]. However, it has not yet been employed
in the study of the properties of potato-based pellets or
snack foods.

Products processed by means of extrusion-cooking are
a significant element of the diet of people all over the world.
Generally, extruded snacks are the most attractive products
for children and young consumers. Therefore, very often,
the snacks are enriched with extra ingredients, such as fruits,
vegetables, herbs or other plant additives [Bhat et al., 2019;
Lisiecka & Wojtowicz, 2019]. Potato-based snack pellets are
the most popular snack items on the market, appearing in dif-
ferent shapes and flavors.

Extruded snack pellets need to be expanded in order to
obtained ready-to-eat (RTE) snacks. Among the typical ex-
pansion methods applied are deep oil frying, hot air puffing,
or microwave heating. Microwave treatment, as an alternative
method of pellet expansion, reduces fat content in RTE prod-
ucts as compared to conventional expansion by frying in deep
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oil [Lisiecka & Wdjtowicz, 2021]. It is also an easy and inex-
pensive process to execute either on an industrial scale or at
household conditions [Ruiz-Armenta ef al., 2019].

Beetroot is a very popular vegetable in Poland, mostly
consumed as cooked or baked or used as a soup ingredient.
Dry beetroot and beetroot extracts are added to many food
products as natural colorants, while other beneficial effects
of beetroots are attributable to their antiviral, antidiabetic, cy-
totoxic, and allelopathic properties [Mikotajczyk-Bator et al.,
2016]. Fresh beetroot pulp is valued for its natural purple col-
or and the high content of valuable nutritional components,
not degraded by the drying process. Fresh beetroots are avail-
able on the market all year round due to the use of controlled
atmosphere storage, which is an effective way to ensure an
appropriate quality and microbiological safety. When used
at home, beetroots are cleaned and cooked or baked without
any microbiological risk. Moreover, because the extrusion-
cooking is a high-temperature process, the processing by its
means can be used as a method of thermal sterilization.
As previously presented [Lisiecka & Wojtowicz, 2020], the use
of fresh vegetables can significantly reduce the water volume
needed in the technological process and the energy needed for
the drying process. Thus, the use of fresh vegetables as addi-
tives to this type of indirectly expanded snacks has many ad-
vantages. After drying, the pellets have a moisture content be-
low 11 g/100 g, which makes them stable and safe for storage.

This study aimed to examine the changes that take place
in RTE snacks after extrusion of pellets at various screw
speeds and following microwave expansion, with regard to
the effect of replacing potato starch with increasing amounts
of vegetable pulp. The novelty of this study lies in the use
of fresh beetroot pulp rather than dry powdered vegetables
to produce pellets, as in the case of most research performed
[Bhat et al., 2019; Ruiz-Armenta et al., 2019].

MATERIALS AND METHODS

Raw materials

Potato flakes, grits, and starch were donated by Pol-Foods
Sp. z 0. o. (Prostki, Poland). Fresh beetroot was bought at
a local market. The vegetables were washed with tap water,
drained with paper towels, and ground with a laboratory
knife mill LMN-100 TestChem (Radlin, Poland) with a sieve
with opens below 400 um. Next, after mixing with potato
components, the blends were sifted again before moistening
and processing.

Extrusion-cooking of snack pellets

The control blend composition was as follows: 25 g/100 g
of potato flakes, 25 g/100 g of potato grits, and 50 g/100 g
of potato starch. Other samples were fortified with the fresh
beetroot pulp at a range from 2.5 to 30.0 g/100 g by replac-
ing the respective amount of potato starch. The moisture
content was assessed through employing a standard refer-
ence American Association of Cereal Chemists 44-15.02
air-oven method (130°C, 1 h) [AACC, 1995] both for dry
components and for beetroot pulp after grinding. Calcu-
lation of water amount added was done in accordance to
the previous paper [Lisiecka & Wojtowicz, 2020] to reach

the moisture content of blends at 33 g/100 g (sum of water
content in all components by weight). Firstly, dry compo-
nents were mixed, then fresh pulp was added, mixed togeth-
er, and the proper amount of water was added to each blend.
During hydration, the components were mixed continuously
for about 15 min.

A single screw extruder type TS-45 (ZMCh Metalchem,
Gliwice, Poland) with a length-to-diameter ratio at L/D=18
of the plasticizing unit, with a screw of 3:1 compression ratio,
and with an intensive glycol cooling installation of the last
barrel section was employed to produce snack pellets. Dur-
ing processing, variable screw speeds were applied: 60, 80,
and 100 rpm. The temperature profile during processing was
set at 80°C in the dozing section, 105°C in the cooking sec-
tion, and 65°C in the cooling section.

Snack pellets were shaped as dough strips using
a 30x0.4 mm flat forming die and cut to approx. 30x30 mm
pieces. The pellets were subsequently dried in a laboratory
shelf dryer at 40°C for 10 h to their final moisture content
of 11 g/100 g. The extrudates produced were kept in tightly
closed foil packages before further testing.

Microwave expansion

Snack pellets were expanded by a treatment in a micro-
wave oven (AVM-914/WH Philips/Whirlpool, Sweden).
The optimum expansion conditions, i.e., microwave power
of 750 W and exposure time of 40 s, were selected experimen-
tally as treatment parameters. After expansion, the snacks
were cooled to ambient temperature and stored in plas-
tic bags before subsequent testing. Samples of both pellets
and snacks were ground (if needed) before tests in a labora-
tory grinder (LMN-100, TestChem, Poland) to a particle size
below 300 wm.

Water absorption index (WAI) and water solubility
index (WSI) of pellets and RTE snacks

Water absorption index (WAI) and water solubility index
(WSI) were determined according to the methods described
by Lisiecka et al. [2021] in triplicate. The ratio of the gel
weight to the dry sample weight was defined as WAI. The ra-
tio of the weight of dry solids in the supernatant to the weight
of the dry sample was derived as WSI.

Bulk density (BD) and volumetric expansion index
(VEI) of snacks

The bulk density (BD) was specified as the weight
of the sample divided by the occupied volume of the cylinder
[Han et al., 2018]. Volumetric expansion index (VEI) was cal-
culated as the ratio of the density of pellets and snacks after ex-
pansion. The measurements were performed in 5 replications.

Texture analysis of microwave-expanded snacks

The texture analysis was employed to determine selected
properties of snacks, including hardness (H), crispness (CR),
and fracturability (FR). It was conducted using a Kramer
shear cell by a compression test on single extrudates. During
the measurement, the head test speed was 100 mm/min. Tex-
ture measurements were performed in 5 replications [Alvarez
etal.,2020; Shah et al., 2017].
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FTIR analysis and data manipulation

FTIR spectroscopy was applied to check the protein
and starch structures in the examined pellets and in the RTE
microwave-expanded snacks. A Nicolet iS50 FTIR spectrometer
(Thermo Scientific, Waltham, MA, USA) equipped with a dia-
mond attenuated total reflectance attachment (GladiATR attach-
ment, PIKE Technologies, Madison, WI, USA) was employed to
collect spectra between 4000 and 400 cm™ at a 4 cm! resolution.
Before the FTIR measurements had been taken, ground samples
were dried under a vacuum for 3 h. To obtain an optimal sig-
nal-to-noise ratio, 128 scans were collected. Each spectra was
baseline-corrected using OMNIC software (version 8.2, Thermo
Fischer Scientific, Waltham, MA, USA). The analyzed spectra
were averaged over three registered spectra series. Spectral anal-
yses were carried out by employing GRAMS Al Spectral Note-
base (Thermo Fisher Scientific) [Pytlak ez al., 2020].

In order to separate the bands representing certain protein
structures in the amide I region and to allow identification
of the protein secondary structural constitutes, the second
derivative of the amide I band was calculated by applying
5-point, second-degree polynomial function. Following this,
the derivative spectra were smoothed via 11-point second-de-
gree polynomial Savitsky-Golay function according to Sea-
bourn ez al. [2008] and Susi & Byler [1983]. All amide I bands
were baseline corrected and area normalized.

To estimate the fraction of different types of secondary
structure, the amide I band (1590-1720 ¢cm') was deconvolut-
ed with Gaussian curves using Grams 32 Al (version 9) soft-
ware (Galactic, Salem, NH, USA) as indicated by the second
derivative peak position identification. The quality of the band
deconvolution was indicated by the following parameters:
R2>0.99, solution converged, and ¥ <0.001. The composi-
tion of secondary protein structure participating in the amide
I band was expressed as a percentage of the area of the fitted
region denoted as a relative area of components centered at
specific wavenumbers [Bock & Damodaran, 2013]. The sec-
ondary structure assignment was based on absorption wave-
numbers as described previously [Fetouhi et al., 2019].

Amide I secondary structures: o-helix (1649-1659 c¢cm™),
B-sheet (1620-1644 cm™), B-turn (1660-1688 cm™), and ran-
dom coils (1510-1619 cm™) were assigned. Crystalline
and amorphous fractions of starch were studied by estimating
ratio R equal to the proportion of the intensities I (1047 cm™)/
1(1022 cm™) [Smits et al., 1998].

Chemical composition of pellets and RTE snacks

Based on the results of physical, textural, and structural
characteristics, the optimum products were selected to per-
form chemical components analysis. Protein (AACC 46-10),
fat (AACC 30-10), and ash (AACC 08-01) contents were
determined in triplicate [AACC, 1995]. Contents of soluble
and insoluble dietary fiber and its total content were dupli-
cate-tested by applying the Association of Official Agricul-
tural Chemists International 993.21 method [AOAC, 2000].
The final results were expressed on a wet basis.

Statistical analysis
The obtained results were subjected to statistical analy-
ses using Statistica 13.3 software (StatSoft, Tulsa, OK, USA).

Homogeneous groups were determined by ANOVA by using
Tukey post-hoc test at a=0.05. Moreover, principal compo-
nent analysis (PCA) was performed for the tested character-
istics of pellets and microwave-expanded snacks processed at
80 rpm as the optimum screw speed, by Statistica software.
Additionally, during the analysis of the main PCA compo-
nents, a correlation matrix was created between the examined
features and expressed as Persons’ coefficients.

RESULTS AND DISCUSSION

Physical properties of pellets and snacks

To prepare the expanded samples, the optimum micro-
wave conditions were checked experimentally by several tri-
als to avoid burning the pellets if the frequency or time were
too intensive or too low, and if not the whole pellet surface
was expanded uniformly. In our study, the microwave power
of 750 W and the treatment time of 40 s were selected based
on preliminary trials as the best conditions to avoid both
burning the samples or uncomplete expansion. Chen et al.
[2014] found that the drying time was significantly reduced
with the microwave power increase when vacuum micro-
wave drying was used to prepare fish crisps. But they also
pointed out that the higher power density would easily lead
to the burning of fish samples and to the deterioration of their
quality. The microwave power over 4 W/g led to the cooking
of samples, resulting in a significant deterioration of their
quality, therefore they selected this microwave power for fur-
ther study. In turn, Ruiz-Armenta ef al. [2019] manufactured
expanded snack products using a conventional microwave
oven with a power of 1,450 W and a frequency of 2,450 MHz
by selecting microwave heating for 20 s after testing differ-
ent heating times (16, 18, 20, 22, 24, 26, and 28 s). Given
the above findings, it can be concluded that the application
of a higher microwave power allows reducing heating time to
obtain properly expanded products. However, since the avail-
ability of microwave ovens with a power over 1000 W is lim-
ited, the conditions selected in our study make it possible to
obtain expanded fat-free snacks at household conditions.

Several physical properties were evaluated for the ex-
truded pellets and microwave-expanded snacks. The water
absorption index indicates the ability of the product com-
ponents to absorb and hold water [Lourenco ef al., 2016]
and measures the amount of gel which is formed by starch,
protein, and fiber after swelling in the presence of extra water
[Kaur et al., 2015]. During the extrusion-cooking, gelatiniza-
tion of starch and protein denaturation occur under appropri-
ate conditions. Gelatinized starch absorbs more water than
it does in its native state. However, the presence of proteins or
fibers in the extrudate composition may increase or decrease
the WAI due to their conformational and structural changes
affecting the hydrophilic/hydrophobic balance [Lourengo
etal. 2016].

According to our research, the WAI of the control potato
blend before extrusion was 3.71+0.04 g/g, whereas its WSI
was 1.28+0.47%. The WAI and WSI values of fresh beetroot
pulp-supplemented pellets and microwave-expanded snacks
are presented in . The WAI and the WSI of all extrud-
ed samples were higher in comparison to the control potato
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TABLE 1. Water absorption index (WAI) and water solubility index (WSI) of extruded pellets and microwave-expanded snacks supplemented with fresh

beetroot pulp.

Content of beetroot Screw speed WAI (g/g) WSI (%)

pulp (g/100 g) (rpm) P S P S
60 4.62+0.14¢ 5.28+0.03* 5.12+0.78° 7.05+1.57

0 80 6.83+0.69 5.35+0.20° 1.42+0.53¢ 5.75+1.23%
100 7.26x0.20 5.19+0.01* 3.12+0.53% 2.57+0.124
60 4.59+0.06° 4.58+0.17« 3.70+0.65° 4.24+0.58

2.5 80 6.20+0.09° 5.00+0.08 2.57+0.94 3.91+0.19«
100 6.00=0.11% 5.20+0.03¢ 2.75+0.18 2.27x0.30%
60 6.21+0.02° 4.73+0.03« 2.46+0.07" 3.96+0.58<

5.0 80 6.77+0.04 4.95+0.15% 448147 4.48=0.65%
100 7.32+0.08" 5.02+0.05% 6.49+2.93% 2.85+0.81%
60 7.10+0.11 4.77x0.26% 7.08+2.85% 4.20+0.19«

7.5 80 7.53x0.14 4.57+0.18« 2.04+1.55¢ 3.19£0.48
100 5.96+0.10% 5.38+0.032 5.02+1.29 3.34%0.51«
60 6.70=+0.08 4.38+0.07« 6.98+3.37® 2.85+(.58%

10.0 80 6.83+0.07 4.67+0.08« 8.63+2.93¢ 4.18+0.06%
100 6.94+0.03% 4.48+0.08« 4.74+0.85° 3.55+1.61%
60 5.69%0.05% 3.73+0.04¢ 6.21+0.31% 2.84+0.36%

20.0 80 6.01+0.14% 4.75+0.13« 5.79+0.62 4.35+1.46"
100 6.11+0.12% 4.98+0.01% 3.03+0.51° 2.14=0.12¢
60 5.92x0.07" 4.60+0.07« 3.88+1.81° 5.92+0.37®

30.0 80 7.16+0.60¢ 4.51+0.14« 6.27+1.10® 4.77+0.05%
100 7.03+0.23% 4.67x0.13« 4.03+0.27° 5.04+0.50%

P —extruded pellet, S — microwave-expanded snack. Values are presented as mean = standard deviation (n=3); ** means indicated with the same letters

in columns do not differ significantly at a=0.05.

blend before extrusion. In contrast, microwave expansion de-
creased the WAI of all samples compared to the correspond-
ing half-products (pellets), except for the control sample pro-
duced at 60 rpm. This could be due to the reactions between
proteins, amylose, and amylopectin, leading to WAI reduction
[Sharma et al., 2015].

The WSI is a very important parameter of extrusion-
-cooking intensity, and makes it possible to predict the mate-
rial behavior during further processing [Rashid et al., 2015].
In our research, the maximum WSI was determined at 8.63%
for the pellet with beetroot pulp at 10.0 g/100 g processed at
80 rpm and at 7.05% for the control potato snacks produced
at the lowest screw speed. The minimum WSI was obtained
for the control pellets extruded at 80 rpm (1.42%) and for
the microwave-expanded snacks containing 20.0 g/100 g
of fresh beetroot pulp processed at 100 rpm (2.14%).

Researchers who experimented with expanding corn
starch-based pellets supplemented with naranjita and milk
powder observed an increase in WSI after extrusion and af-
ter microwave treatment [Ruiz-Armenta er al., 2019].

They concluded that this was linked to the loss of the semi-
crystalline form of native starch granules after processing.
The bulk density (BD), volumetric expansion index (VEI),
and texture parameters of the microwave-expanded snacks are
presented in . The highest values of BD were recorded
at each additive level when the highest screw speed was ap-
plied during pellet processing, except for the 20 g/100 g addi-
tive level; however, the results obtained for this level did not
differ significantly from others. The highest BD values were
determined at 76.03 kg/m?3, 76.80 kg/m* and 76.36 kg/m? for
the snacks without additive and for the snack with 5.0 and 7.5
g/100 g additive content extruded at 100 rpm, respectively.
Nevertheless, the differences between the tested samples were
in most cases statistically insignificant (p>0.05). The lowest
bulk density was determined at 57.90 kg/m? for the snacks with
2.5 g/100 g of beetroot pulp extruded at 60 rpm. These snacks
also featured a high value of the volumetric expansion index,
but their hardness was surprisingly high. Moreover, the high-
est VEI value was recorded for the samples without the veg-
etable additive extruded at 100 rpm (6.17). The increasing
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TABLE 2. Selected physical and textural features of microwave-expanded snacks supplemented with fresh beetroot pulp.

Content of beetroot Screw speed BD H CR FR
pulp (/100 g) (rpm) (kg/m®) N) N Q)
60 71.45+5.15w%e 4.77+0.45b¢ 170.40+15.96:%¢ 10.47+1.50° 26.07+4.96¢
0 80 70.52+7.76%¢ 5.10+0.61%¢ 158.00+14.06<¢ 34.97+5.62¢ 37.58+6.76*
100 76.03+3.730 6.17+0.66* 195.40+19.17¢ 29.52+5.45% 36.30=6.12%
60 57.90+2.66¢ 5.34+0.14® 183.00+4.97 23.57%1.91%¢ 27.63+3.95%¢
2.5 80 67.84=1.81¢bd 5.04+0.540c 145.33£7.4]cbde 16.73+3.83% 27.63+7.11%¢
100 74.53£2.76%¢ 4.87£0.370e 160.00=6.98><¢ 14.58+3.27¢ 26.00+5.00%¢
60 63.40=1.67¢ 4.11£0.190f 156.00=10.10¢¢ 19.54=5.01% 26.40+5.37¢
5.0 80 71.31+0.930¢ 4.160.22bf 139.63+9.61! 14.48+3.21¢ 19.56+2.11¢
100 76.80+3.99 4.740.36b0f 108.33+2.49¢ 19.40+4.43 26.03+4.5]e
60 64.01+3.66%4 4.34£0.60bcdet 111.07+11.48 17.09+2.22% 19.17%£2.90¢
7.5 80 72.36+0.842¢ 4.630.1[becet 102.57+5.12" 18.73+1.50% 24.83+2.90%¢
100 76.36+3.15® 4.92 +().24bcde 130.87£3.78% 13.10+2.61° 13.82+3.26°
60 64.28+3.86%¢ 3.85+0.2]¢f 174.33£9.10¢ 16.85+5.05% 21.98+2.16%¢
10.0 80 63.09=2.04« 4.520.180f 159.00+11.58<¢ 15.62+2.85% 23.11+5.67%¢
100 72.20=0. 872 4.540.2[bedef 161.3314.52:bxd 21.22+5.82¢ 24.77+2.31%¢
60 64.39+(.793d 3.64+0.22¢f 174.67+9.84%¢ 24.00+4.46%¢ 27.43+4.773%¢
20.0 80 64.68+0.69:<¢ 4.290.25becet 169.339.88b: 19.40+2.76" 19.50+2.76°
100 61.89+0.59« 5.35+0.21® 173.33 53] 15.75+2.67 21.74+3.75%
60 64.60=1.65 3.79£0.224 107.93+10.82¢ 15.23+5.92¢ 15.77£5.60°
30.0 80 70.99+3.250e 3.47+0.10" 169.67+4.99:0< 18.70+5.02% 19.37+4.60°
100 72.52+4.18¢¢ 4.54£0.43bc0ef 135.67+8.22¢ 18.80=6.79™ 24.90+4.80¢

BD - bulk density; VEI — volumetric expansion index; H — hardness; CR - crispness; FR - fracturability. Values are presented as mean = standard
deviation (n=>5); * means indicated with the same letters in columns do not differ significantly at a=0.05.

amount of fresh vegetable pulp lowered the VEI values, but
at the same time lowered the hardness of the expanded snacks
with up to 10 g/100 g of the additive; however, the differences
were in most cases insignificant (p=>0.05). Further increasing
the content of fresh beetroot pulp resulted in still low BD but
lowered VEI, and after the microwave expansion the snacks
supplemented with 10.0 and 20.0 g/100 g became harder than
the samples with 5.0 or 7.5 g/100 g of beetroot pulp, probably
due to the increased fiber content in RTE products. Expanded
potato-based snacks should be characterized by low BD, sug-
gesting good expansion after the final treatment, but the ulti-
mate effect is directly connected with the expansion method
used. Lisiecka & Wojtowicz [2021] demonstrated low BD
of oil-fried snacks that ranged from 38.3 kg/m? for the control
snacks produced at 60 rpm to 64.0 kg/m? for the fresh beetroot
pulp-supplemented snacks. In most cases, BD of fried snacks
was lower than of the microwave-expanded ones ( ) due
to formation of an expanded internal structure with multiple
empty pores inside snacks as influenced by steam evapora-
tion during frying. Ruiz-Armenta ez al. [2019] tested indirectly
expanded corn starch-based snacks prepared by microwaves
(1450 and 2450 W for 20 s) and found that the expansion rate

of RTE products ranged from 8.61 to 9.83, and their density
from 95.41 to 106.55 kg/m?, which is higher than in our re-
search. As reported by Lisiecka e al. [2021], after hot oil frying
of extruded pellets supplemented with Allium genus vegetables,
the bulk density of fried snacks varied from 38.3-56.2 kg/m?
for the control potato snacks, while the highest BD reached
87.2 kg/m? if 20.0 g/100 g of leek was used and 70.7 kg/m? if
7.5 g/100 g of onion was added. When analyzing fried snacks
made of composite flour prepared from barnyard millet, green
gram, fried gram, and ajwain seeds, Krishnaraj et al. [2019]
found that the water molecules were converted into steam
during the quick heating and that oil was filling empty spac-
es, which could lead to much higher bulk density of the fried
snacks compared to these treated with microwaves as low-fat
products. Thus, several benefits can be found when expand-
ing pellets with microwave heating, including both nutritional
benefits because of the low energy value of the product as well
as economic benefits for producers due its the low density.
The hardness of microwave-expanded snacks supplement-
ed with fresh beetroot pulp ranged from 102.57 N to 195.40 N
(for the snack with 7.5 g/100 g vegetable pulp in the recipe
processed at 80 rpm and for the control sample extruded
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at the maximum rotational speed of the extruder screw, re-
spectively). The snacks from the control sample extruded at
80 rpm had the highest values of crispness and fracturabil-
ity (34.97 N and 37.58 N), while the control snacks extruded
at 60 rpm featured the lowest values of crispness (10.47 N).
Moreover, the lowest fracturability was determined at 13.82 N
for the snacks with 7.5 g/100 g fresh beetroot pulp when ex-
truded at 100 rpm, but in most cases the results did not differ
significantly (p>0.05). The increasing level of beetroot pulp
in snacks, as well as the variable screw speed, ambiguously
affected their textural properties after microwaving, prob-
ably due to inhomogeneity in the pores inside the expanded
snacks structure that resulted the inconclusive texture profile
of RTE products. Nevertheless, the crispness and fracturabil-
ity of the supplemented snacks expanded by microwaves were
more similar than those of the control snacks.

FTIR spectra of pellets and snacks

Figures 1 and 2 show exemplary baseline-corrected and sur-
face-normalized FTIR spectra of pellets ( ) and mi-
crowaved snacks ( ) registered over the wavelengths
between 3900-450 cm!. There are six clear groups of bands
registered in the wavelength ranges between 3700-3000, 2950—
-2800, 1750-1500, 1500-1250, and 1200-900 cm" and several
peaks below 900 cm!, respectively. The first group of bands
contains the NH stretching vibration of amide A (3600-
-3450 cm™) overlapped with OH stretching vibration (bounded
water; 3550-3200 cm™). Another group represents the amide
B (3000-2600 cm™) bands overlapped with peaks representing
stretching vibrations of CH, and CH, groups (2950-2800 cm™).
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FIGURE 1. Baseline-corrected and surface-normalized FTIR spectra of pel-
lets over the wavelengths 3900450 cm™ (a), 1750-1500 cm™ (b), 1200~
-900 cm! (c). Black line: control potato pellets; Grey line: pellets with the ad-
dition of 10.0 g/100 g fresh beetroot pulp; Dotted line: pellets with the addi-
tion of 30.0 g/100 g fresh beetroot pulp.

The band between 1750 and 1500 cm' represents am-
ide I and amide II bands centered at 1640 cm (amide I)
and 1540 cm! (amide IT — conformationally sensitive) due
to CO carbonyl stretch with a minor contribution from out-
-of-plane CN stretching vibration, as well as NH bonding
and CH stretching of proteins, respectively. The band between
1350 cm™ and 1200 cm, characteristic of amide III region,
reveals NH in-plane bending coupled with C-N-stretching
and includes CH and NH deformation modes.

Furthermore, the spectral region of polysaccharides
(1200-900 cm™) is characteristic for backbone vibrations
of CO, CN, and CC groups (stretching modes), while
the peak at 994 cm! is sensitive to water content and starch
conformation [van Soest ef al., 1995]. Finally, the low in-
tensity peaks in the spectral region below 900 cm belong
to CH out-of-plane bending (900-675 c¢cm), OH bend-
ing (770-650 cm™), and to NH, and H, wagging vibrations
(900-660 cm™). The collective analysis showed an increasing
proportion of water with the increasing fresh beetroot pulp
content in relation to polysaccharides and proteins in the case
of pellets and the opposite in the case of snacks. The analysis
of the region between 2950-2800 cm™! indicated a lower lipid
content in snacks compared to pellets. No major differences
were found related to different screw speeds.

Analysis of the amide I region

Processing variables dependence of the relative composi-
tion of protein secondary structures calculated on the basis
of deconvolution of FTIR spectra in the amide I region are

presented in and 3b show the B-sheet
Polysaccharides
A "
il
Amide A i
+ OH stretching 1
Amide B } 1
+CH,and CH, :- 1
stretching Amide | +1l A

oty
Amide il - 1
"~ 1

Absorbance (a.u)

T T T T T LI T T T LI | T T
1800 1700 1600 1500 1200 1100 1000 200 800
Wavenumber (cm-1)

FIGURE 2. Baseline-corrected and surface-normalized FTIR spectra of mi-
crowave-expanded snacks over the wavelengths 3900-450 cm! (a), 1750~
-1500 cm™ (b), 1200-900 cm™! (¢). Black line: control potato pellets; Grey line:
pellets with the addition of 10.0 g/100 g fresh beetroot pulp; Dotted line: pel-
lets with the addition of 30.0 g/100 g fresh beetroot pulp.
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content of pellets and RTE snacks, respectively, while
the B-turn content of the pellets and expanded snacks is pre-
sented in and 3d, respectively. In addition, the ran-
dom coil content of the pellets and snacks evaluated by FTIR
analysis is shown in and 31, respectively.

As shown by the analysis of protein structure by de-
convolution of amide I band, B-sheet was the main protein
structure in the control sample, in the dried beetroot pulp,
as well as in the examined pellets and snacks. Protein frac-
tions in the control sample (not subjected to the extrusion

process) containing potato flakes, potato grits, and starch
had 8+0.07% of B-turn, 20+0.18% of a-helix, 55+0.50%
of B-sheet, and 17+0.16% of random coil structures. In con-
trast, dried beetroot protein contained 8=0.06% of p-turn, no
a-helix, 90+0.63% of p-sheet, and 1.7+0.01% of random coil
structures. No a-helix structure was found in the samples re-
gardless of screw rotation speed and additives — apart from
the pellets containing 30.0 g/100 g of fresh beetroot pulp pro-
cessed at 60 rpm where its content reached 13.6=0.01%. This
phenomenon can be attributable to the extrusion-cooking
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FIGURE 3. Processing variables dependence of relative composition of protein secondary structures calculated on the basis of deconvolution of FTIR

spectra in the amide I region: a) p-sheet content of pellets, (b) B-sheet content of snacks, (¢) B-turn content of pellets, (d) B-turn content of snacks,
(e) random coil content of pellets, (f) random coil content of snacks.
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process, which caused the disappearance of the a-helix struc-
ture. At this point, the extrusion process induced an ordering
of the protein molecular structure. It should, however, be not-
ed that strong interactions between neighboring a-helices can
also produce an increase in the absorption region characteris-
tic of the B-sheet structure.

The formed pellets contained between 8.2 and 16.4%
of B-turn, and no a-helix (apart from above-mentioned
sample), between 46.7 and 75.1% of B-sheet, as well as be-
tween 16.8 and 37.7% of random coil protein structures. In-
terestingly, the highest content of B-sheet was determined for
the samples characterized by a relatively high beetroot pulp
content (7.5 and 10.0 g/100 g) processed at all the applied
screw speeds. This was accompanied by the highest B-sheet
content (between 27.4% (60 rpm), 37.7% (80 rpm) and 35.9%
(100 rpm)). Generally, an increase in the content of B-turn
and B-sheet protein fractions was observed at the expense
of random coil structure, indicating that the protein struc-
ture underwent some form of ordering as the molecular in-
teractions in the proteins intensified. Therefore, the addition
of fresh beetroot pulp resulted in an increase in the p-sheet
structure content (the most stable protein structure). The pel-
lets produced at the screw speed of 80 rpm had the highest
content of B-sheet structure (from 46.7% to 75.5% in the con-
trol, and 61.5% on average in the pellets containing beetroot
pulp) as compared to 60 rpm (from 47.5% in the control to
68.4% in the sample containing 7.5 g/100 g of fresh beetroot
pulp; 58.2% on average in the pellets with beetroot pulp),
and 100 rpm (from 50.5% in the control to 73.3% in the sam-
ple containing 10.0 g/100 g of fresh beetroot pulp; 58.5%
on average in the pellets with beetroot pulp). Interestingly,
the pellets containing between 5.0 and 10.0 g/100 g of fresh
beetroot pulp had the highest fraction of this structure.

Our research indicated that the snacks contained less
random coil protein structure and a little bit more of B-turn
and B-sheet structure proteins, as compared to the not ex-
panded pellets. This outcome points to the additional re-
structurization of the protein backbone. The microwave-ex-
panded snacks contained between 12.6% and 14.4% of B-turn
proteins, no a-helix structures, as well as between 49.8%
and 67.7% of B-sheet and between 18.7 and 36.7% of random
coil structure proteins. The ranges of the fractions represent-
ing protein structures of the snacks were also narrower. This
result additionally indicates that microwave radiation result-
ed in greater protein stabilization. Although from the statis-
tical point of view it was not relevant, the highest fraction
of B-structures was found for 80 rpm of all the tested sam-
ples. The highest fraction of B-structures reached 66.8% for
the snack containing 7.5 g/100 g of beetroot pulp. Simultane-
ously, the smallest fraction of random coil was observed for
the above-mentioned screw speed. Such a result may be due
to a relatively long time of production/extrusion in the case
of 60 rpm and an increased temperature of the extrusion pro-
cess in the case of 100 rpm screw speed.

Finally, the highest fraction of B-structures and the smallest
content of random coil structure were determined when 80 rpm
was applied during processing, which proves it to be the most
efficient screw speed in the processing of fresh beetroot supple-
mented-snack pellets. Hence, these samples were subjected to

the chemical composition analysis to evaluate the nutritional
properties of snacks supplemented with fresh beetroot pulp.

Analysis of starch conformation

FTIR spectra in the region between 945 and 1195 cm™! can
be used to obtain information about starch structure [Meziani
etal.,2011]. This part of the spectra represents COH bending
and CH, related modes (1077, 1047, 1022, and 994 cm™) as
well as CO and C-C stretching modes (1150 cm™). In addi-
tion, a peak at 994 cm'! is sensitive to water content and starch
conformation [van Soest et al., 1995].

The absorbance intensity ratio (R) equal to I (1047 cm™)/
I (1022 cm™) is frequently used as an indicator of the orga-
nization of different types of starch components [Hernin-
dez-Uribe et al., 2010; Meziani et al., 2011; Smits et al.,
1998]. A high value of this ratio shows preponderance
of the crystalline conformation over the amorphous con-
formation. This in turn indicates that starch has a strong
tendency for retrogradation [Smits et al., 1998]. Addition-
ally, in the region of 950-1200 cm™ of FTIR spectra, starch
shows sensitivity to the polymer conformation and hydration
[Btaszczak et al., 2005]. In addition, the crystalline and amor-
phous zones of the starch are characterized by bands at
1047 cm™ and 1022 cm, respectively [Hernandez-Uribe
etal., 2010].

The absorbance intensity ratio (R) of the pellets and ex-
panded snacks supplemented with fresh beetroot pulp is pre-
sented in and b, respectively. As indicated, the R value
for the control blend before the extrusion-cooking was 0.68.
In the case of pellets, the minimum value of R (0.64) was
noted for the samples with 30.0 g/100 g of fresh beetroot
pulp in the recipe when extruded at 100 rpm. In contrast,
the maximum value (0.71) was determined for half-products
with 10.0 g/100 g of vegetable additive processed at the screw
speed of 80 rpm. After microwave treatment, the R value
of the snacks decreased when compared to the results before
expansion. The range of its values for the expanded snacks
was from 0.60 (the samples with 7.5 g/100 g of beetroot pro-
cessed at 60 rpm) to 0.65 (the control expanded snack ex-
truded at the screw speed of 80 rpm).

In analyzing gluten-free cake, Fetouhi er al. [2019] ob-
tained the R-ratio between 0.6 and 0.8 and concluded that its
high values indicated a high tendency of starch for retrogra-
dation [Fetouhier al., 2019].

Analysis of the absorbance intensity ratio (R) shows
a strong starch retrogradation ability for pellets as compared
to snacks, with the most pronounced effect demonstrated at
the screw speed of 80 rpm. This might have been due to a rel-
atively longer time of production/extrusion when a low screw
speed was applied and to an increased temperature of the ex-
trusion process if the 100 rpm was used due to high friction
and shear forces. On the other hand, starch of snacks showed
much lesser tendency for retrogradation, which was the most
visible at the screw speed of 60 rpm.

Chemical composition

Based on the results of physical, textural, and structural
characteristics, the extruded pellets and microwave-expand-
ed snacks processed at 80 rpm - chosen as the optimum
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screw speed — were tested for their chemical composition.
The control blend of potato components before extrusion
had a protein content of 4.72+0.22 g/100 g, a fat content
of 0.17=0.02 g/100 g, an ash content of 1.87+0.02 g/100 g,
an insoluble dietary fiber content of 2.19=0.14 g/100 g, a sol-
uble dietary fiber content of 3.75=0.15 g/100 g, and the to-
tal dietary fiber content at 5.94+0.16 g/100 g. The chemical
composition of the pellets and expanded snacks supplement-
ed with fresh beetroot pulp processed at 80 rpm is presented
in .

In the extruded pellets, supplementation with the fresh
beetroot pulp up to 10.0 g/100 g resulted in a lower protein
content as compared to the control blend before extrusion.
However, no significant (p>0.05) differences were observed
in the protein content of the extruded pellets supplemented with
0-10.0 g/100 g of the pulp. When the fresh beetroot pulp was
used at 20.0 and 30.0 g/100 g, the protein content was signifi-
cantly (p<0.05) higher ( ). Based on the PCA of the sam-
ples extruded at 80 rpm screw speed ( ), a negative
correlation was found between the protein content and the fat
content (vectors’ position on opposite sides of the layout
and a-angle <90°) in the pellets with Pearsons’ coefficient at
r=-0.57, while a positive correlation was noticed between
the protein content and contents of the remaining compo-
nents of the chemical composition (vectors’ position on
the same side of the layout), with the correlation coefficient
indicating a strong relation between protein content and ash
contents (r=0.98).

Among the snacks expanded by the microwave treat-
ment, there was an increase in protein content with the in-
creasing addition of fresh beetroot pulp. However, a signifi-
cant (p<0.05) difference as compared to the control sample
was determined only at 20.0 and 30.0 g/100 g of fortification
level. The PCA ( ) results showed a negative cor-
relation between the protein content in the expanded snacks
and the fat content and insoluble dietary fiber content due
to the positions of vectors for these features, as confirmed
also by Persons’ coefficients (r=-0.53 and r=-0.83, respec-
tively). Similarly to pellets, a positive correlation was shown
between the protein content and ash (r=0.97) and soluble
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dietary fiber (r=0.83) contents of the microwaved snacks.
No significant effects of the extrusion-cooking processing
variables or the addition of beetroot pulp on the fat content
of the pellets were noticed. However, a negative correlation
was found between the fat content and the soluble dietary fi-
ber (r=-0.80) and the total dietary fiber (r=-0.60) contents
in the pellets. In starch-rich extrudates in general, proteins act
as diluents and reduce expansion due to their ability to affect
water distribution in the matrix, and also because their mac-
romolecular structure and conformation affect the rheologi-
cal properties of extruded blends. Proteins also contribute to
the formation of extensive networking through covalent links
and electrostatic interactions that take place during the extru-
sion-cooking [Aguilar-Palazuelos ef al., 2012]. This explains
the negative correlation demonstrated between VEI and pro-
tein content in our study.

The microwave-expanded snacks with the addition
of a minimum of 5.0% fresh beetroot pulp contained signifi-
cantly (p<0.05) less fat than the control snacks. Additionally,
there was a significant correlation between contents of both
fiber fractions and the fat content in RTE snacks. The char-
acter of correlation was positive for the insoluble dietary fiber
(r=0.59) and negative for the soluble dietary fiber (r=-0.57).
The lower fat content in the expanded snacks could be due
to the formation of protein-starch-fat complexes during ther-
mal treatment both under extrusion-cooking and microwave
conditions. Therefore, it may be concluded that every ther-
mal treatment can successfully reduce fat content to produce
low-fat snacks. Ruiz-Armenta ez al. [2019] found a similar ten-
dency for lowering fat content in both pellets and microwave-
-expanded snacks, and the differences they observed were sig-
nificant (e.g., 1.50-2.47% for unprocessed material, 0.28-1.10%
for pellets, and 0.26-0.46% for RTE product). In turn, Lisiecka
& Wojtowicz [2021] found a much higher fat content in fried
snacks supplemented with beetroot pulp, ranging from 22.27 to
30.76 g/100 g, and concluded that fresh beetroot inclusion up
to 30.0 g/100 g only slightly affected the fat content in the final
puffs. Using the microwave treatment to expand snack pellets
allowed achieving low-fat snacks, which is a nutritionally ben-
eficial way to limit fat intake in the human diet.
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FIGURE 4. Absorbance intensity ratio R (-) of extruded pellets (a) and microwave-expanded snacks (b) supplemented with fresh beetroot pulp

and processed at various screw speeds.
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and/or skimmed milk powder, through 0.83 to 1.88% for pel-
lets, and t0 0.78 to 1.75% for expanded products depending on
the recipe variant. The high dietary fiber content of the snacks
supplemented with fresh beetroot pulp means that they could
be labelled as “high fiber products” according to the Euro-
pean Regulation (more than 6 g/100 g of fiber) [Regulation
(EC) No 1924/2006, 2006].

PCA results

and 5c present variables for pellets and snacks, re-
spectively (position of the load vectors in relation to the first two
principal components). The distance and location of the stud-
ied properties between each other indicates the type of corre-
lation between features (positive or negative — depending on

the position of vector in an adequate square on graph and a-angle
value). The position of vectors at the same part of the layout
and an a-angle below 90° indicate a positive correlation, where-
as opposite location of vectors indicate a negative correlation.
In addition, together with the PCA, a correlation matrix was
generated between the tested features showing the exact Pear-
sons’ correlation coefficients cited in the manuscript. Approxi-
mately 74% of all the variance in the pellets data was explained
by the first two principal components, PC1 (54.58%) and PC2
(19.14%). PC1 was strongly positively correlated with B-sheet
protein and fat contents and strongly negatively correlated with
random coil structure content, as well as with other components
of chemical composition. In addition, PC2 was strongly posi-
tively correlated with R ( ). After placing the samples
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FIGURE 5. Principal component analysis (PCA) of extruded pellets (a) and expanded snacks (b) processed at 80 rpm, as well as objects characteris-
tics of pellets (c) and snacks (d) in the space of the first two principal components (PC1 and PC2); 0-30.0 - content of fresh beetroot pulp (g/100 g).
WAL - water absorption index; WSI — water solubility index; BD — bulk density; VEI — volumetric expansion index; H — hardness; CR - crispness;
FR - fracturability; B-sheet — B-sheet content; B-turn — B-turn content; Random — random coil structure; R — absorbance intensity ratio; Protein — pro-
tein content; Fat — fat content; Ash — ash content; Insoluble fiber — insoluble dietary fiber content; Soluble fiber — soluble dietary fiber content; Total

fiber — total dietary fiber content.
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in the space of the first two components ( ), they dif-
fered from each other depending on beetroot pulp content.
Significant differences can be observed between the pellets with
20.0 g/100 g and higher fresh beetroot pulp contents and those
with lower pulp contents. From this plot, it can be concluded
that the first principal component describes the system variabil-
ity and determines the level of the additive in the pellets. In turn,
in RTE snacks analysis, the first principal component (PC1)
explained 43.01% of the total variance in the results and was
strongly positively correlated with protein, ash, and soluble fi-
ber contents as well as with random coil values, and negatively
with WAL, fat content, insoluble fiber content, R ratio values,
expansion index, and fracturability. What is more, the second
principal component (PC2) explained 24.50% of the total vari-
ance of the results and was strongly negatively correlated with
B-turn protein content, WSI, and hardness ( ). Plac-
ing the supplemented expanded snacks in the space of the ex-
amined principal component ( ) showed, in general,
increasing differences between the samples as the fresh beetroot
pulp amount increased, while some similarity was observed
for the samples with the beetroot pulp content ranging from
10.0 to 30.0 g/100 g. From this graph, it can be concluded that
the first principal component describes the system variability
and determines the parameter of the fresh beetroot pulp content
in the microwave-expanded snacks.

When assessing correlations of chemical composition
and physical properties of the pellets and snacks by the PCA,
it was shown that WAI of the pellets was negatively correlated
( ) with the content of soluble fiber, with a correla-
tion coefficient at r=-0.60. In our research, a negative correla-
tion was noticed between the WAI value and protein content
(r=-0.60), soluble dietary fiber content (r=-0.52), and ash
content (r=-0.55) of the snacks. In turn, a positive correla-
tion ( ) was noticed between the WAI and fat content
(r=0.79), insoluble dietary fiber content (r=0.66), and WSI
(r=0.62) of the snacks. Additionally, PCA and correlation co-
efficients calculated showed the WSI of pellets was positively
correlated ( ) with their contents of protein (r=0.65),
ash (r=0.67), soluble dietary fiber (r=0.73), and the to-
tal dietary fiber (r=0.56), and negatively correlated with
their fat content (r=-0.67). Our work confirmed the change
in the crystallization of starch after processing of both ex-
truded and microwaved samples as compared to native starch
granules ( , respectively).

PCA and correlation coefficients calculated for the snacks
showed that their bulk density was negatively correlated
( ) with their content of random coil protein frac-
tion (r=-0.87), and positively correlated with B-sheet pro-
tein fraction (r=0.93). While VEI was positively correlated
with WAI (r=0.68), fat content (r=0.76), insoluble dietary
fiber content (r=0.70), and fracturability (r=0.80). Addition-
ally, VEI was negatively correlated with contents of protein
(r=-0.86), ash (r=-0.80) and soluble dietary fiber (r=-0.69).
Hardness was only positively correlated with B-turn protein
fraction (r=0.80), WSI (r=0.67), protein content (r=0.64),
ash content (r=0.60), and soluble dietary fiber content
(r=0.70). Crispness was positively correlated with R-ratio
of starch (r=0.96), WAI (r=0.66), WSI (r=0.72), and frac-
turability (r=0.84), and negatively correlated with random

coil structure content (r=-0.63). Fracturability was negatively
correlated with protein content (r=-0.62) and positively cor-
related with R-ratio of starch (r=0.76), WAI (0.77), fat con-
tent (r=0.82), and insoluble dietary fiber content (r=0.59).
The structure analysis of pellets and expanded snacks
made by FTIR was also analyzed by PCA as the function
of two main variables and correlation coefficients calculated,
and was connected with the chemical composition as well
as physical properties of the tested samples. We noted that
the B-sheet content of pellet proteins was negatively corre-
lated with B-turn (r=-0.71), random coil (r=-0.98) protein
structure, the total protein content (r=-0.80), ash (r=-0.76),
insoluble, soluble and total dietary fiber (r=-0.62, r=-0.60,
and r=-0.69, respectively), while positively correlated with
fat content (with r=0.64) in semi-products ( ).
The B-sheet of microwave-expanded snack proteins was
only negatively correlated ( ) with the random coil
structure, with Pearsons’ correlation coefficients expressed
as r=-0.98 and with soluble dietary fiber content (r=-0.60),
and positively correlated with bulk density (r=0.92) and crisp-
ness (r=0.52). Moreover, the pellet protein B-turn fraction
was positively correlated with random coil structure (r=0.57),
protein content (r=0.72), and content of insoluble dietary fi-
ber (r=0.69), while the p-turn protein fraction of the micro-
waved snacks was positively correlated with WSI (r=0.72)
and soluble dietary fiber content (r=0.52), hardness (r=0.80)
and crispness (r=0.54) of snacks, and negatively correlated
with BD (r=-0.59). The pellet protein random coil structure
was correlated with all chemical components, but the stron-
gest correlation was found between random coil structure
and protein (r=0.75) and total dietary fiber (r=0.75) con-
tents. In the case of expanded snacks supplemented with fresh
beetroot pulp, random coil structure was positively correlated
only with soluble dietary fiber content (r=0.52) and nega-
tively with BD (r=-0.87), crispness (r=-0.63) and fractur-
ability (r=-0.58). In turn, the R ratio of pellets was positively
correlated with WSI (r=0.54) and negatively correlated with
insoluble dietary fiber content (r=-0.58). Moreover, the R
of the microwave-expanded snacks was positively correlated
with WAI (r=0.70), WSI (r=0.68), B-sheet protein fraction
(r=0.55), crispness (r=0.96), and fracturability (r=0.76), but
negatively with random coil structure content (r=-0.64).
Hence, the application of PCA provided an overall view
of the correlations between all the tested features of newly devel-
oped pellets and snacks supplemented with fresh beetroot pulp
and identified the main components important in quality analy-
sis of extruded pallets and microwave-expanded low-fat snacks.

CONCLUSIONS

Selected physical properties as well as texture and struc-
ture parameters were analyzed for both extruded snack pellets
and microwave-expanded snacks. The use of fresh beetroot
pulp in RTE snacks caused a reduction in their volumetric ex-
pansion due to increased contents of dietary fiber and protein
instead of starch. The addition of vegetable pulp also resulted
in the stabilization of the protein backbone structure, which
was expressed by a decrease in random coil structure and an
increase in B-turn protein fraction. Interestingly, the ranges



K. Lisiecka et al.

223

of the fractions representing protein structures in the snacks were
narrower than those observed for the pellets by FTIR analysis.
This indicates that microwave treatment also resulted in great-
er protein stabilization. The highest content of B-structure
protein fraction and the smallest content of random coil was
observed if 80 rpm screw speed was applied during pellet pro-
cessing. In the microwave-expanded snacks supplemented with
beetroot, an increase in the fresh vegetable pulp addition raised
the protein content. Moreover, the addition of 5.0 g/100 g and
more of fresh beetroot pulp as a starch substitute significantly
reduced the fat content in the snacks compared to the potato
control sample. We found that the extrusion-cooking caused
an increase in the insoluble dietary fiber content and WAI
in the obtained pellets, but the microwave treatment reduced
the value of this parameter and increased insoluble dietary fiber
content in the final RTE snacks compared to the semi-products.
The highest fraction of p-structures and the smallest content
of random coil were observed when 80 rpm was applied during
processing, suggesting this screw speed to be the most efficient
in processing fresh beetroot pulp-supplemented snack pellets.
The use of a fresh beetroot pulp as an additive in microwave-
-expanded snacks made it possible to obtain products with an
increased amount of fiber and a reduced fat content as an at-
tractive and healthy alternative to deep-fried snacks. Moreover,
application of fresh beetroot in extruded products allows mini-
mizing the technological water and energy consumption due to
the omission of beetroot drying step.
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