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Abstract. The aim of this study was to obtain ready-to-eat
gluten-free snack products based on rice with the addition of fresh
beetroot, carrot, kale, leek and onion pulps in the amounts of 2.5,
5.0,7.5, and 10.0% (w/w). The snacks were processed using extru-
sion-cooking at various screw speeds (80, 100 and 120 rpm). The
total phenolics content, processing efficiency, specific mechanical
energy, expansion ratio, bulk density, colour and texture profile
were determined. The results showed that the type and amount of
vegetable pulp added had a significant effect on the total phenolics
content, expansion ratio, bulk density and colour profile of the
newly produced gluten-free snacks. Generally, the screw speed
had a significant effect on processing efficiency. Moreover, the
interactions between the content of the vegetable additives and the
screw speed had significant effects on the total phenolics content,
processing efficiency, physical properties and texture of the snack
products. The research demonstrated the possibility of using fresh
vegetable pulps as nutritionally valuable ingredients for gluten-
free extruded snacks.

Keywords: extrusion-cooking, extruded snack, vegetable pulp,
processing conditions, extrusion-cooking screw speed, texture

INTRODUCTION

Vegetables are valuable components of the average
daily diet due to their positive role in preventing or pro-
tecting against many diseases, including cardiovascular

*Corresponding author e-mail: agnieszka.wojtowicz@up.lublin.pl

diseases, cancer and others (Baars ef al., 2019). These ben-
eficial effects may be explained by the presence of several
bioactive components (polyphenols, vitamins, minerals)
that act to improve the overall health of the individual.
A healthy diet for adults should include vegetable consump-
tion within the range of 400 to 500 g per day. This dose
is sufficient to improve the odds of avoiding chronic dis-
eases (Oyebode et al., 2014). Gluten intolerance and celiac
disease are examples of genetically determined chronic
diseases. People with celiac disease are permanently sensi-
tive to gluten due to minor intestinal mucosal injury and
malabsorption (Usai-Satta ef al., 2017). A strict gluten-free
diet must be followed throughout the lifespan of the indi-
vidual concerned and inevitably restricts social activity and
impinges on the quality of life of the patient (Bascuifian et
al., 2017). Rice flour is an acceptable alternative to wheat
flours for those with gluten intolerance.

Snack products produced by the extrusion-cooking
process are very popular and have a favourable economic
position among snack food items — which can be prepared
in a variety of ways (e.g. fried or baked). In general terms,
most extruded snack products are produced with cereal
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flours or starches (Korkerd et al., 2016). Their great advan-
tages are specific marketable features, including crispness
and visual appeal. The production process, besides the
heating, shearing and pressure treatment allows for the
simultaneous mixing of various raw materials, which in
turn makes it possible to obtain enriched final products.
The optimal raw materials for the production of directly
expanded snack products are corn and rice flours or grits
(Peksa et al., 2017). However, snack foods based on corn
and rice are nutrient-poor. Therefore, it is recommended to
enrich the composition of corn or rice snacks with various
valuable additives in order to enhance their health benefits
(Altan et al., 2008).

In the literature, some information may be found con-
cerning supplemented gluten-free snacks based on corn with
various additives, such as Moldavian dragonhead leaves,
tomato powder, powdered fruit (Wojtowicz et al., 2017,
2018, 2019) or with chickpea, defatted soy flour, guar gum
(Shah et al., 2017), and many others. For the human diet, in
the search for new natural sources of antioxidants, it is rec-
ommended to apply the determination of the total phenolics
content (TPC) as an indicator of the antioxidant potential
of possible foodstuffs (Lucas Gonzalez et al., 2016). Of
particular note is the fact that, in many cases, phenolic
compounds are activated after the damage of plant tissues.
In previous studies, for example, an increase in the TPC
was observed due to the contribution of powdered tomato,
broccoli flour and cauliflower by-products (Bisharat et al.,
2015; Wojtowicz et al., 2018; Stojceska et al., 2009). To
date, corn extrudates have been fortified using dehydrat-
ed broccoli, olive paste (Bisharat et al., 2015), powdered
tomato (Wojtowicz et al., 2018), red cabbage (Stojceska
et al., 2009), dried fruit (Wojtowicz et al., 2019), pumpkin
flour (Poliszko et al., 2019) or cauliflower and fruit pomace
by-products (Stojceska ef al., 2008; Paraman et al., 2015).

There is a growing market for extruded sweet or savoury
snacks. At the same time, there is a particular focus on the
possibility of saving water and energy in the food produc-
tion sector (Food Industry Sustainability Strategy, 2006).
The addition of pulp from fresh vegetables serves not only
to enhance the development of new types of products, it
also allows for a significant reduction in the consumption
of water and energy during a processing which results in
the omission of the drying step (Lisiecka and Wojtowicz,
2020). However, to the best of our knowledge, no studies
have been carried out to date in order to produce ready-to-
eat gluten-free extrudates supplemented with fresh vegetable
pulp. The presentation of the following research will pro-
vide an answer as to whether it is possible to enrich rice
snacks with fresh vegetable pulps in order to achieve desir-
able and valuable snack products to be enjoyed by those
with gluten intolerance or celiac disease. Hence, this study
is aimed at evaluating the effect of the addition of selected
vegetable pulps and screw speeds on certain properties of
gluten-free rice snacks.

MATERIALS AND METHODS

The basic raw material used to prepare gluten-free
snacks was rice flour (Aro, MAKRO Cash and Carry,
Lublin, Poland) with a particle size of below 500 um, a ca-
loric value of 1441 kJ/339 kcal, 1.0% fat, 74.0% carbohy-
drates, 1.6% total fibre, 8.2% protein (producer’s data) and
amoisture content of 13.1%. Selected vegetables were used
as additives, including beetroot (B), carrot (C), kale (K),
leek (L) and onion (O) (purchased from the local market).
The fresh vegetables were cleaned, peeled, drained and
pulped using a laboratory grinder (Grindomix GM 200,
RETSCH GmbH, Haan, Germany) with 0.5 mm sieve open-
ings to achieve a pulp with a particle size below 500 um.
The moisture content of the fresh pulp was as follows: beet-
root 92.09%, carrot 87.10%, kale 85.89%, leck 87.40% and
onion 87.35%.

The freshly pulped vegetables were blended with rice
flour in the following amounts; 2.5, 5.0, 7.5 and 10.0%
(w/w), while 100% rice flour snack products were used
as a control. In the preliminary study, it was found that
a 10.0% (w/w) level is the maximum that can be applied
to rice-based snacks that are processed with a single screw
extruder to achieve expanded products. The blends were set
aside for 2 h to equilibrate the moisture content supplied
by the fresh vegetables. The final moisture content of the
blends was determined according to the AACC 44-19.01
method (AACC, 2011). The extruded rice and vegetable
snacks were made using a single screw extruder-cooker
TS-45 (Z.M.Ch. Metalchem, Gliwice, Poland) with a ratio
of screw length to diameter of L/D=12 and a 3:1 compres-
sion ratio. The temperature profile in the extruder was set to
125-145-125°C and the screw speed was set at 80, 100 and
120 rpm. The extrudates were shaped with a single open
3-mm circular forming die and cut into 30-mm long snacks.
Finally, the snack products were collected, cooled down to
ambient temperature and stored in polyethylene bags at
room temperature prior to testing.

Methanol extracts of the produced extrudates were pre-
pared in order to evaluate the total phenolics content. In
brief, 0.5 g of sample was extracted separately with 5 mL
of 50% methanol (POCH, Gliwice, Poland). Next, the
obtained extracts were shaken for 30 min using a rotator
Multi RS-60 (Biosan, Riga, Latvia) operating at 5000 rpm.
The homogenate was then centrifuged at the same velocity
for 10 min using a T24D-type centrifuge (Medizinetechnik,
Leipzig, Germany) (Lisiecka et al., 2019). The extraction
was carried out twice. The collected supernatants were
mixed and used for further analysis.

The total phenolics content was measured for the meth-
anolic extracts. In brief, 0.05 mL of extract was added to
0.1 mL of water and 0.4 mL of Folin-Ciocalteau reagent
(in a ratio of 1:5 with distilled water). After 3 min, 2 mL of
10% sodium carbonate was added and the product was vig-
orously shaken for 1 min (as a reference sample, 0.05 mL



GLUTEN-FREE RICE SNACKS WITH FRESH VEGETABLES 43

of the tested extract was replaced by 50% methanol)
(Lisiecka et al., 2019). Subsequently, the absorbance was
measured at 725 nm, using a spectrophotometer (Model
9423, ALT, USA) and the total phenolics content (TPC)
was expressed in terms of a gallic acid equivalent (GAE)
in mg 100 g of dry weight (d.w.). The measurements were
conducted twice.

For all of the tested snack products, the processing
efficiency (Q) was determined in terms of the ratio of the
mass of the obtained snack item at a certain time, while the
specific mechanical energy (SME) was calculated based on
a formula proposed by Lisiecka and Wojtowicz (2020).

The moisture content (MC) of the snack products was
tested by means of applying the AACC 44-19.01 method
(AACC, 2011), while the water activity (WA) was evaluated
using LabMaster-aw (Novasina AG, Lachen, Switzerland)
in 3 replicates.

The expansion ratio (ER) was assessed as the ratio of
snack diameter to the diameter of the forming die, with the
dimensions being obtained by utilizing an electronic cal-
liper. Bulk density (BD) was evaluated as the mass divided
by the equivalent volume of snack product. The tests were
performed in 10 and 5 replicates for ER and BD, respec-
tively (Wojtowicz et al., 2018).

The colour profile of the ground extrudates were
defined by using a colorimeter in the CIE-Lab system in
terms of lightness (L*), as well as colour descriptors: a* as
the balance between redness (+) and greenness (-), b* as the
balance between yellowness (+) and blueness (-), and AE
as the total colour change within 10 repetitions (Darvishi et
al., 2014; Wojtowicz et al., 2017).

The texture apparatus Zwick/Roell BDO-FB0.5TH
(Zwick GmbH and Co., Ulm, Germany) equipped with
a 5-blade Kramer cell was used to perform the texture
profile. A single layer of snacks was placed flat in the meas-
uring chamber and a double compression test was applied
with the working head test speed of 100 mm min™'. The
following textural properties were determined: hardness
(H), crispness (CR) fracturability (FR), springiness (S), and
cohesiveness (C) (Wojtowicz et al., 2019). Measurements
were performed in 2 replicates.

The final acceptability (A) rating for consumers’ prefer-
ences was evaluated by using a 9-point hedonic scale by
a panel of 15 members, where the minimum rating meant
“extreme dislike” and the maximum rating meant “extreme
like” (Wojtowicz et al., 2018).

A statistical analysis was performed using the Statistica
13.3 software (StatSoft, Tulsa, USA). The statistical dif-
ferences between the mean values were determined by
applying ANOVA, followed by the Tukey posthoc test at
0=0.05. The variables analysed were the additive amount
and the screw speed applied during processing. A response
surface methodology was used to show the effect of mul-
tiple variables with a second order polynomial model. An

analysis of variance was conducted, and the F and p values
were determined to evaluate the effects of single variables
and their interactions on snack properties.

RESULTS AND DISCUSSION

As shown in Table 1, the results of TPC indicated that
along with the increased addition of fresh vegetable pulps
in snack products, the total phenolics content increased as
compared to the control rice snacks. This was due to the
application of vegetable additives with a high antioxi-
dant potential (Bisharat et al., 2015; Shetty et al., 2013).
Moreover, Stojceska et al. (2009), in samples containing red
cabbage, reported that extrusion-cooking increased the level
of total antioxidant capacity and total phenolic compounds.
The maximum TPC 24.83 mg GAE 100 g was noted for
snack products supplemented with 10.0% w/w fresh beet-
roots and produced at 120 rpm, while the minimum level
of total phenolics (7.87 mg GAE 100 g') was observed for
control rice snack products extruded at 100 rpm. Samples
with the highest amount of TPC characterized the highest
initial moisture content of the blend, which could protect
phenolic compounds from extensive destruction during
extrusion-cooking. In contrast, the control snack products
had the lowest TPC, as well as the lowest initial moisture
content among all of the blends. This had an influence on
the high shear stress noted during processing. Previous
research has shown that adding external water, which
increases the moisture content of extruded blends, leads
to a decrease in the total phenolics content in the obtained
snack items (Bisharat et al., 2015). In our research, the
opposite tendency was observed because vegetables were
incorporated as a fresh pulp and all of the bioactive com-
ponents were retained in the processed materials, together
with the water they contained. Due to the type of vegetables
being used as additives, significant differences in TPC were
found, especially in the cases where beetroot and carrot was
used (Table 1). At the same time, small differences were
observed between extrudates enriched with kale and leek,
while the snacks with onion addition did not differ sig-
nificantly except in the case of 10% w/w supplementation.
Moreover, the content of vegetable additives showed sig-
nificant effects on TPC for all of the tested snack products,
as well as in the interactions between the additive level
and the screw speed applied during processing (Table 2).
However, the screw speed as a single variable had an in-
significant effect on the TPC of the resulting rice snack
product. Our results are similar to that reported by Bisharat
et al. (2015), who found that, during the extrusion-cooking
of corn snack products with broccoli flour, the phenolics
content in the extrudates was not significantly affected by
the screw rotational speed.

Processing efficiency and energy requirements are
very important factors for the food industry. According to
the results presented in Fig. 1, the highest value of Q was
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Table 1. Results of total phenolics content (n = 2), colour coordinates L*, a*, b* and total colour change AE index (n = 10) of rice
snacks enriched with vegetable pulp processed at various screw speeds

Vegetable  Additive igfeg TPC Colour profile
t t (Y AE 100 ¢!
ype amount (%) (rpm) (mg G 00g) L - - AE
80 8.30 + 0.05° 89.42 + 0.49° 2.24+0.50® 15.18 £ 0.63® ref
Scn(;ttgl 0 100 7.87 £ 0.05" 90.87 + 0.81° 220+ 1,14 15.49 + 1.05% ref
120 8.68+0.11° 89.50 + 1.90° 2.89 +1.55% 15.59 £ 2.20® ref
80 11.71 £0.54° 84.86 + 1.70% 2.82 +0.30® 20.59 + 0.34" 7.10
2.5 100 11.76 + 0.05° 84.77 + 1.40% 2.39 +(0.34® 20.04 £ 1.16" 6.57
120 13.16 £ 0.38" 83.67 + 1.49% 2.98 + 0.63% 19.14 £ 1.05% 6.88
80 14.08 + 0.54" 82.19 £ 1.63¢ 3.99 + 0.44° 28.98 + 1.22% 15.75
5.0 100 13.00 + 0.43" 82.35 + 0.94° 4.04 +1.07* 27.75 + 1.32% 14.94
Beetroot 120 13.65 + 0.32% 82.69 + 0.26° 3.98+0.27° 27.99 £ 1.39% 14.22
cetroo
80 13.27 + 0.20% 81.12 +£2.23¢ 5.47 +1.45° 29.13 +2.05° 16.79
7.5 100 13.60 + 0.05™ 82.07 £ 1.54° 5.50 £ 0.75° 30.78 + 0.77¢ 17.33
120 13.87 £ 0.43% 82.73 + 1.57¢ 5.01 £0.68° 28.82+£1.51% 15.04
80 23.32 4+ 0.92¢ 77.82 + 3.53" 9.45+0.82° 27.96 + 1.55% 18.71
10.0 100 23.69 + 0.65° 79.31 +3.39™ 8.84+1.77¢ 28.31 + 1.94% 17.68
120 24.83 + 0.49° 77.70 + 3.94% 8.81+1.16° 28.61 £ 1.52% 18.58
80 9.01 +0.22® 85.06 + 0.36° 3.26 +0.32° 17.71 + 0.40° 5.15
25 100 9.28 + 0.05® 83.84 +0.78° 3.63 £+ 1.06° 19.80 + 1.03% 7.26
120 9.60 + 0.27® 85.21 +0.18° 3.01 £0.42° 18.08 £ 1.61° 5.01
80 9.06 +0.16® 82.54 + (.54° 493 + 027" 20.05+0.31° 8.85
5.0 100 10.03 + 0.27* 83.01 +1.27° 4.25+0.76" 19.48 + 0.53" 7.92
Carrot 120 10.68 + 0.59® 84.26 +1.22% 3.89+£0.31° 18.64 +0.57° 6.20
arro
80 14.68 + 0.27° 82.39 +£1.37° 5.35+0.23° 22.79 + 0.34% 10.63
7.5 100 1435 +£0.27° 83.21+1.82° 5.59 +0.23° 23.11 £ 0.20% 10.45
120 14.03 + 0.05° 81.62 £ 1.70° 5.17 £ 1.34° 22.05 + 1.28% 10.49
80 22.18 + 0.32¢ 79.93 + 1.02" 5.11+1.19° 24.67 + 0.65¢ 13.73
10.0 100 23.80 = 1.35¢ 77.09 £ 1.27™ 5.91+0.85° 2426+ 1.12¢ 15.65
120 23.26 + 1.08° 80.63 +2.64¢ 4.18 +0.31% 23.96 + 0.41% 12.31
80 8.84 +0.05° 80.43 £ 2.78° 1.95 £ 0.67* 14.84 +1.01° 9.01
25 100 9.38+0.16% 79.54 + 0.98" 2.17 +0.65% 15.63 £ 1.02® 9.97
120 8.68 +0.43* 79.79 +2.39% 2.08+0.81% 13.38 +1.32° 10.05
80 10.84 £0.11%® 78.08 + 2.78" 1.87 £0.73* 17.19 + 1.34° 11.53
5.0 100 10.90 £ 0.16™ 78.28 + 2.94% 1.81 £0.54° 15.10 £ 1.52® 11.24
Kal 120 11.17 £0.32° 78.94 +0.77% 1.60 + 0.63* 15.71 £0.81® 10.70
ale
80 11.81+£0.22° 75.69 + 1.26° 1.96 £ 0.61° 16.55 £ 0.96™ 14.70
7.5 100 11.60 £ 0.43° 76.63 £ 1.15° 1.93 £ 0.56" 16.60 + 0.99® 13.54
120 11.33 +£0.06 74.70 £ 12.02®  2.07 + 0.60™ 18.97 £ 0.85° 15.05
80 12.03 +£0.54° 71.09 + 0.67° 1.47 £ 0.50° 20.37 £ 0.32" 18.39
10.0 100 13.70 + 0.49" 73.11 £2.62° 1.36 + 1.54° 19.57 £ 0.38" 16.44
120 14.03 £ 0.38" 72.68 £ 3.27° 1.87 + 0.65° 17.82+1.87° 17.23

TPC — total phenolics content; L* — lightness; a* — balance between redness (+) and greenness (-); b* — balance between yellowness
(+) and blueness (-); AE — total colour change index; “* — means indicated with similar letters in columns do not differ significantly at
a=0.05.
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Table 1. Contninuation
Vegetable Additive 2;2?3’ TPC Colour profile
0 AE 100 ¢!
type amount (%) (rpm) (mg G 00g) L a* b AE
80 9.28 +0.16 85.22 +0.12¢ 2.60 + 0.38% 15.10 + 0.30® 422
2.5 100 8.95 +0.05° 84.65 + 0.66% 3.32 +£0.35° 14.88 +0.32° 5.02
120 9.49 + 0.27° 84.86 + 0.48% 3.97 +£0.55° 15.58 £0.37%® 4.82
80 10.03 £ 0.27* 85.90 + 1.09¢ 2.69 +0.78% 16.78 + 0.53™ 3.90
5.0 100 10.52 £ 0.22® 85.54 + 1.83¢ 3.69 +£0.41° 15.92 £ 0.49® 6.52
Leck 120 1030 +£0.11%® 84.09 + 0.61% 3.30 +£0.35° 15.43 £ 0.62% 5.49
ce
80 11.76 £ 0.27° 84.31 +0.51% 3.57 £ 0.40° 15.80 + 0.26™ 5.32
7.5 100 11.44+0.16° 84.66 + 1.61% 4.14 + 0.63% 19.66 + 0.56" 8.45
120 11.81+0.43° 85.50 + 1.79¢ 2.90 £ 0.82® 17.70 + 1.38° 4.58
80 13.87 +0.32™ 82.24 +3.92° 3.68 +0.44° 16.33 + 1.95® 7.42
10.0 100 13.88 £ 0.97% 83.90 + 3.22¢ 3.21+£0.78° 1634 +0.71% 5.74
120 14.41 + 0.86° 82.75 + 0.79° 3.92+0.71° 15.62 £ 0.71%® 6.89
80 9.01 +0.22° 85.85 +0.59¢ 3.52+037° 16.33 £ 0.27% 3.97
2.5 100 9.22+0.11° 86.17 +1.39¢ 3.41+£0.28° 15.87 £ 0.53® 3.57
120 9.33+0.11° 85.11 = 1.58¢ 4.47 +0.70% 15.49 +1.22® 472
80 9.76 +0.11° 85.62+1.17¢ 2.84 + 0.66™ 16.09 + 0.50® 3.96
5.0 100 9.65 +0.22° 85.73 +2.31¢ 2.88+027% 16.00 £ 0.72% 3.87
Oni 120 9.28 +0.27" 83.92 +3.72¢ 4.14 + 1.24% 15.90 + 2.59® 5.79
nion
80 9.60 +0.27° 84.69 £ 1,29 3.96 +0.59° 17.24 +0.93° 5.44
7.5 100 10.14£0.11% 82.30 + 3.98° 4.67 +0.59" 16.74 £ 0.97% 3.94
120 10.19 £ 0.16™ 84.84 + 1.71% 3.37+0.55° 16.61 +0.72% 1.39
80 11.33+0.16° 84.86 + 1.62%¢ 3.19+0.49° 16.68 + 0.70® 0.97
10.0 100 11.00 £ 0.27° 82.55+1.03° 3.57+0.60 17.19 +1.12° 1.21
120 11.17£0.22° 84.33 +1.52¢ 3.16 £ 0.81° 16.13 £0.37® 0.53

TPC — total phenolics content; L* — lightness; a* — balance between redness (+) and greenness (-); b* — balance between yellowness
(+) and blueness (-); AE — total colour change index; “° — means indicated with similar letters in columns do not differ significantly at

a=0.05.

observed for the snack product with a 7.5% (w/w) addition
of onion pulp for a recipe produced at 120 rpm (Fig. le).
The minimum value was noted for extrudates with 10.0%
(w/w) carrot pulp addition produced at 80 rpm (Fig. 1b).
Thus, increasing the screw speed had the effect of increasing
the process efficiency of the production of snack products
enriched with fresh vegetable pulp, but the results were
dependent on vegetable type. Krecisz (2016) also noted
that during the extrusion-cooking of instant corn gruels and
corn-rice blends that Q increased along with the increase
in the rotational speed of the extruder screw. Additionally,
in our study, the screw speed showed a significant effect
on Q, which is comparable to the interaction effect of the
content of vegetable pulp additives and screw speed for the
same batches for all snack products, except for extrudates
with an onion pulp. The amount of vegetable pulp added as
a single variable only had a significant effect on Q for snacks
after the addition of beetroot and carrot pulp (Table 2). This

effect was similar to the study of Lisiecka and Wojtowicz
(2020), who, when adding fresh vegetable pulp to pota-
to-based snack pellets, noted a decrease in the process
efficiency with an increase in the additive content. This
outcome was caused by an increasing amount of fibrous
fractions originating from the fresh pulp rather than starch.
In all likelihood, the increased content of vegetables may
change the viscosity of the treated material and thereby
influence the processing efficiency.

The specific mechanical energy calculated per kg of
the obtained snack product increased with the increase
in applied screw speed during the extrusion-cooking of
snack products with beetroot, carrot and leek pulp — up to
100 rpm, but if kale or onion pulp was added, the SME
decreased slightly at 120 rpm. This could be the effect of
the lowest content of total carbohydrates in onion and kale,
as compared with the other vegetables used in the experi-
ment (Kunachowicz et al., 2017), and thus the lower energy
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Table 2. Results of analysis of variance of the effect of screw speed, additive type and interactions on phenolics content, processing
characteristics and physical properties of rice-based supplemented crisps

Independent Additive Dependent Sum of Mean Sum of Mean
. . squares  df effect square squares df error square F-test  p value
variable type variable
effect effect error error
TPC 807.6 4 201.9 13.00 25 0.520 388.3 0.000"
Q 166.7 4 41.68 181.4 25 7.200 5.750 0.002°
Beetroot SEM 0.028 4 0.007 0.089 25 0.004 1.980 0.129
ER 10.29 4 2.571 7.982 145 0.055 46.71 0.000"
BD 80004 4 20001 8438 70 120.6 166.0 0.000"
TPC 948.7 4 237.2 20.84 25 0.830 284.5 0.000"
Q 172.1 4 43.03 219.8 25 58.79 4.890 0.005"
Carrot SEM 0.028 4 0.007 0.085 25 0.003 2.050 0.118
ER 12.01 4 3.003 7.641 145 0.053 56.99 0.000"
BD 96628 4 24157 5855 70 83.64 288.8 0.000"
TPC 96.91 4 24.23 8.720 25 0.350 69.50 0.000"
Content of Q 87.89 4 21.97 310.6 25 12.42 1.770 0.167
additive Kale SEM 0.019 4 0.005 0.080 25 0.003 1.500 0.234
(%) ER 3.178 4 0.795 11.84 145 0.082 9.730 0.000"
BD 14894 4 3723 3859 70 55.13 67.54 0.000"
TPC 121.6 4 30.40 6.410 25 0.260 118.6 0.000"
Q 21.78 4 5.455 163.8 25 6.550 0.830 0.518
Leek SEM 0.007 4 0.005 0.090 25 0.004 0.457 0.767
ER 5.240 4 1.310 7.177 145 0.049 26.46 0.000"
BD 5458 4 1365 3151 70 45.01 30.32 0.000"
TPC 26.92 4 6.730 2.51 25 0.100 66.96 0.000"
Q 141.1 4 35.27 763.2 25 30.53 1.160 0.354
Onion SEM 0.033 4 0.008 0.084 25 0.003 2.407 0.076
ER 3.606 4 0.901 3.940 145 0.027 32.94 0.000"
BD 15845 4 3961 3130 70 4471 88.60 0.000"
TPC 4.140 2 2.070 816.5 27 30.24 0.070 0.934
Q 156.6 2 78.27 191.5 27 7.090 11.03 0.000"
Beetroot SEM 0.001 2 0.005 0.107 27 0.004 1.190 0.319
ER 0.490 2 0.245 17.7 147 0.121 2.030 0.135
BD 6698 2 3349 881744 72 1135 2.940 0.059
TPC 2.840 2 1.420 966.7 27 35.80 0.040 0.961
Q 190.5 2 95.26 201.4 27 7.460 12.77 0.000"
Carrot SEM 0.006 2 0.003 0.108 27 0.004 0.696 0.507
ER 1.482 2 0.741 18.17 147 0.124 6.000 0.003"
Screw speed BD 2624 2 1312 99859 72 1387 0.946 0.393
(rpm) TPC 0.940 2 0.470 104.7 27 3.880 0.120  0.886
Q 294.9 2 147.5 103.6 27 3.840 38.44 0.000"
Kale SEM 0.001 2 0.001 0.097 27 0.004 0.172 0.843
ER 0.170 2 0.085 14.85 147 0.101 0.839 0.434
BD 2930 2 1465 15823 72 219.8 6.666 0.002°
TPC 0.890 2 0.450 127.1 27 4.710 0.090 0910
Q 143.1 2 71.54 42.45 27 1.570 45.50 0.000"
Leek SEM 0.009 2 0.005 0.087 27 0.003 1.447 0.253
ER 0.475 2 0.237 11.94 147 0.081 2.920 0.057
BD 2390 2 1195 6220 72 86.38 13.83 0.000"

TPC — total phenolics content, Q — processing efficiency, SME — specific mechanical energy, ER — expansion ratio, BD — bulk density,
findicates significant effect at & = 0.05.
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Table 2. Continuation

Independent Additive Dependent Sum of Mean Sum of df Mean
variable type variable squares o . square squares - square F-test p value
effect effect error error

TPC 0.130 20070 29300 27 1.090 0.060 0.940

Screw spoed Q 116.9 2 5847 787.3 27 29.16 2.000 0.154
(tom) Onion SEM 0.004 2 0.002 0.114 27 0.004 0.418 0.663
ER 0.669 2 0334 6.877 147 0.047 7.096 0.001'

BD 2547 2 1273 16428 7 2282 5.581 0.006"

TPC 815.0 14 5821 5.600 15 0370 156.0 0.000"

Q 346.2 14 24.73 1.88 15 0.130 197.8 0.000"

Beetroot SEM 0.042 14 0.003 0.075 15 0.005 0.600 0.827

ER 11.62 14 0830 6.650 135 0.049 16.85 0.000"

BD 88327 14 6309 115.20 60  1.920 3286 0.000"

TPC 961.8 14 68.70 771 15 0510 133.6 0.000"

Q 390.0 14 2786 1.88 15 0.130 223.0 0.000"

Carrot SEM 0.038 14 0.003 0.075 15 0.005 0.544 0.869

ER 14.69 14 1.049 4.967 135 0.037 28.51 0.000"

BD 102387 14 7313 96.00 60  1.600 4571 0.000"

gl‘;“;ggg t?vfe TPC 103.1 14 7360 2.570 15 0.170 43.02 0.000"
% Q 396.6 14 2833 1.880 15 0.130 226.6 0.000'

N Kale SEM 0.024 14 0.002 0.075 15 0.005 0.336 0.976
Screw spoed ER 4.750 14 0339 1027 135 0.076 4.460 0.000"
tom) BD 18622 14 1330 131.2 60 2.180 608.3 0.000'
TPC 123.3 14 8810 4.660 15 0310 28.33 0.000"

Q 183.7 14 1312 1.880 15 0.130 105.0 0.000"

Leek SEM 0.021 14 0.002 0.075 15 0.005 0.302 0.985

ER 6.520 14 0.466 5.897 135 0.043 10.66 0.000"

BD 8502 14 607.3 107.2 60 1787 339.9 0.000"

TPC 28.49 14 2.03 0.95 15 0.060 32.11 0.000"

Q 5353 14 3824 369.0 15 24.60 1.554 0.203

Onion SEM 0.042 14 0.003 0.075 15 0.005 0.600 0.827

ER 5.087 14 0363 2.458 135 0.018 19.81 0.000"

BD 188480 14 1346 126.4 60  2.107 639.1 0.000"

TPC — total phenolics content, Q — processing efficiency, SME — specific mechanical energy, ER — expansion ratio, BD — bulk density,

findicates significant effect at o = 0.05.

required for gelatinization at the highest screw speed
applied during processing. Altan et al. (2008) also noted
a tendency that the increase in rotational speed influenced
the increase in the SME values during the extrusion-
cooking of barley-tomato pomace blends. Other reports
explained that enhanced SME was caused by the fact that
more energy is supplied from the engine to obtain higher
screw rotations (Baik ef al., 2004). However, in our experi-
ments, in the case of mechanical energy requirements,
independent variables were shown to have an insignificant
effect on SME for all of the snack products tested (Table 2).
Moreover, minimum values of SME (below 0.24 kWh kg™)
were noted during the extrusion of snacks with 2.5% (w/w)
of beetroot pulp addition that were produced at 80 rpm
(Fig. 2a), while the maximum values (over 0.36 kWh kg™)
were observed for extrudates supplemented with 5.0%
(w/w) leek pulp produced at 100 rpm (Fig. 2d). Some
reports show that the SME outcome value is the result of
a combination of moisture content, fibre content and pro-

cessing temperature (Stojceska et al., 2009; Altan et al.,
2008; Singha et al., 2018). In our study, SME results were
in almost all cases traceable to a lowering of the process-
ing energy requirements corresponding to the increased
initial moisture content of the blends that contained higher
amounts of fresh vegetable pulp. This effect is due to the
presence of natural water in the fresh plant pulps. In addi-
tion, the application of fresh pulp eliminates the huge energy
requirement of drying the vegetables before processing. As
reported by Rojas et al. (2020), the energy consumption for
the drying process can even reach 84-150 kWh kg™, so the
concept of using fresh vegetables seems to be beneficial
for the industry if the quality features turn out to be accept-
able. Due to the fact that single screw extrusion-cooking is
a low energy consumption process, it is therefore possible
to make snacks more economically efficient if fresh vegeta-
ble pulp is applied to produce supplemented ready-to-eat
snacks.
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Fig. 1. Processing efficiency of rice-based snack products enriched with fresh vegetable pulps processed at various screw speeds

a) beetroot, b) carrot, c) kale, d) leek, e) onion.

The initial moisture content of the rice flour was 13.10%
and the prepared blends were characterized by moisture
contents that ranged from 14.10 and 14.16% — if 2.5%
(w/w) of kale and carrot pulps were used in the blends,
respectively. This increased to 21.02% for the blend with
10.0% (w/w) beetroot pulp. Kale and carrot were character-
ized by low pulp initial moisture content, whereas beetroot
pulp had highest values. In general, the moisture content
of the blend increased with increasing amounts of fresh
ingredients in the recipe, which was expected. However,
the final moisture content of the snack products did not
exceed 13%, and the differences between the samples were
not significant. The moisture contents of the ready-to-eat
supplemented snacks were similar to those of the control
rice sample (mean MC of 11.90%) and depending on the

type of vegetable pulp used, showed MC values of 12.10-
12.87% if beetroot was applied, 10.89-12.19% when carrot
was added, 11.41-12.32% for kale addition, 10.46-11.36%
if leek was used, and 10.31-11.80% for onion application.
The water activity WA of the snacks ranged from 0.50 for
the control rice snack products, to 0.55 for snack products
with 10.0% (w/w) beetroot or carrot pulp addition. These
values of WA were not significantly different and were also
stable — thereby ensuring microbiological safety during the
storage of snacks.

A high degree of expansion is a desirable feature in
directly expanded snack products (Poliszko et al., 2019;
Shah et al., 2017). The highest expansion ratio was found
for snack products supplemented with 5.0% (w/w) of kale
pulp produced at 120 rpm (Fig. 3c). In contrast, the lowest
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Fig. 2. SME of rice-based snack items enriched with fresh vegetable pulps processed at various screw speeds: a) beetroot, b) carrot,

c) kale, d) leek, e) onion.

expansion ratio was noted for snack products enriched with
10.0% (w/w) of carrot pulp in the recipe extruded at 80 rpm
(Fig. 3b). The ER of the extruded snack products decreased
in inverse proportion to the higher additive levels in relation
to the control rice snack product, especially when beetroot,
carrot, leek or onion pulp were applied (Fig. 3a, b, d, e).
A similar relationship was observed for corn extrudates with
the addition of dried tomatoes (Wojtowicz et al., 2018). In
this case, the effect was attributed to the decreasing amount
of starch in favour of the additive, which made it difficult to
obtain the porous structure characteristic of expanded snack
products. In similar work, the addition of bean flour to corn

snack products led to a significant decrease in the expan-
sion of extrudates, because of the interactions between the
increased concentrations of protein and fibre (Anton et al.,
2009). In other work, it was found that the high content of
dietary fibre from dry herbal plants decreased the expan-
sion of corn snack products supplemented with Moldavian
dragonhead (Wojtowicz et al., 2017). The limited expan-
sion of snack products supplemented with fresh vegetable
pulp could be the result of the integrated impact of water
from plant pulps, as well as decreased starch content due
to replacement by vegetable matter. It could also be caused
by the increased water content resulting from the addition

49



50

K. LISIECKA et al.

a) b)

M., M .33
7 M <39 0 M .37
g W <37 3 B <35
g [ <35 2 E <33
2 M <33 3 W <3

5 -y %

a7 &

o

d)
IS o33
o M <39 m M 33
'é <37 é M <37
é_ M <35 a O <36
el 33 . H <35
% %’ M < 34
% % <33
<32

) oW WOSLRAKA

c) kale, d) leek, e) onion.

M .33
M <33
M <37
<36
<35
<34
<33

Fig. 3. ER of rice-based snack products enriched with fresh vegetable pulps processed at various screw speeds: a) beetroot, b) carrot,

of fresh vegetable components. Indeed, we noted that the
amount of vegetable additives added had significant effects
on ER for all of the snack products. This effect was pro-
portionally similar to the interactions of the content of
vegetable additives and screw speeds that occurred in the
same batches. As a single variable, the screw speed had
a significant effect on ER (Table 2), but only in the case of
extrudates supplemented with carrot or onion pulp — which
showed the lowest MC in fresh pulp.

According to Lucas et al. (2018), an item’s bulk den-
sity is a measure of its multi-directional expansion and
this factor presents the possibility of evaluating the qual-
ity of directly expanded extrudates. In the present study,
the addition of fresh vegetable pulps and the application of
the lowest screw speeds during processing brought about
the increased BD of extrudates (Fig. 4). The same phenom-
enon was observed for extrudates developed from food
by-products (Yagc1 and Gogiis, 2008). We also recorded the
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Fig. 4. BD of rice-based snack products enriched with fresh vegetable pulps and processed at various screw speeds: a) beetroot,

b) carrot, ¢) kale, d) leek, €) onion.

highest BD (166.03 kg m™) for extrudates supplemented
with 10.0% (w/w) carrot pulp addition processed at a screw
speed of 80 rpm (Fig. 4b), while the lowest (48.96 kg m™)
was observed for rice snack products enriched with 2.5%
(w/w) beetroot pulp addition when processed at 120 rpm
(Fig. 4a). Previous research has shown that low moisture
content, high screw speed and high barrel temperatures pro-

duce a low density, this combination is typical for expanded
products (Meng et al., 2010; Wojtowicz et al., 2015; Chen

(LUBR RSN
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et al, 2020; Lv et al, 2018). High temperatures, which
occur e.g. during the baking of gluten-free products sup-
plemented with vegetables also affect the conformation
changes in products (Drabinska et al., 2018). In our work,
however, the results of the analysis of variance concerning
the effect of processing conditions and blends composition
on BD showed that the screw speed as a single variable had

a significant effect on BD only in the case of extrudates
with kale, leek or onion pulp (Table 2).
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Colour is a very important feature, because it provides
information about changes that have occurred in the prod-
uct during processing (Darvishi et al., 2014; Krishnaraj et
al., 2019). The colour profile evaluated via the CIE-Lab
scale indicated L* values ranging from 71.09 to 90.87, a*
values from 1.36 to 9.45 and b* values from 13.38 to 30.78
(Table 1). The highest values of L* were found for the con-
trol rice snack products processed at 100 rpm. This may be
related to the natural white colour of rice flour. In general
terms, a decrease in lightness was observed in tandem with
the increasing addition of vegetable pulps, as compared to
the control rice snack products (Table 1). The most impres-
sive changes occurred due to the type of vegetables used
and their amount in the recipe as a result of increasing the
amount of the additive and the decreasing proportion of
rice flour. The lowest lightness was observed in snacks sup-
plemented with kale pulp addition due to the natural dark
green colour of fresh kale leaves. Low L* values were also
observed with the application of 10.0% (w/w) beetroot or
carrot pulp. Of note, insignificant differences between these
values occurred despite the fact that the natural colour of
beetroot and carrot is quite different (deep purple and deep
orange, respectively). We also saw the highest total colour
change index AE values for these additives (indicating sig-
nificant differences compared to the control sample).

The most intensive redness a* was obtained for rice-
based snack products supplemented with 10.0% (w/w)
beetroot pulp extruded at 80 rpm. An intensive yellow tint
b* was noted for snack items supplemented with 7.5% and
10.0% (w/w) beetroot or carrot pulp due to the presence
of natural pigments such as the betalains responsible for
the typical red colour of beetroot or the carotenoids that
produce the yellow-orange colour of carrot. Because kale is
a vegetable with a relatively high content of green chloro-
phyll pigments, low values of a*, visually close to a green
tint, were indicated for snacks supplemented with 5.0-
10.0% (w/w) kale pulp (Table 1).

Due to the type of vegetable used, no significant dif-
ferences in L* values were found between the extrudates
enriched with beetroot and carrot or between leek and
onion (Table 1), while the amount of vegetable additives
used had significant effects on the L*, a* and b* values
of all of the tested snack products. AE values were at their
lowest point (below 5) if onion pulp was applied as an addi-
tive, especially if 10.0% (w/w) was used, because of the
natural light yellow colour similar to rice flour, indicating
the insignificant differences visually observed in the colour
of the snacks between the control rice snacks and the onion
enriched puffs. The screw speed only had a significant effect
on a* and b* colour coordinates in snack products with the
addition of fresh leek pulp (Table 3). However, interactions
between independent variables significantly affected the a*
values of all snack products, except for the extrudates sup-
plemented with kale pulp.

Hardness is a peak force that is linked with ER, because
less expanded snack products with a higher density tend
to be harder (Hashemi et al., 2017; Shah et al., 2017).
Maximum H (534 N) was found during the testing of rice
snack products supplemented with 7.5% (w/w) leek pulp
processed at 80 rpm, while the lowest values (328.5 and
348.0 N) were evidensed for rice based snacks with the
addition of 10.0% (w/w) onion pulp extruded at 100 and
120 rpm, respectively. In general, a decrease in H was
observed for all snack products supplemented with fresh
vegetable pulp in relation to the control rice snack items
when 80 rpm was applied during processing (Table 4). In
addition, additives in amounts above 5.0% (w/w) resulted
in significant changes to snack product hardness. This may
be attributed to an increase in the initial moisture content
of processed raw materials due to the presence of higher
amounts of water originating from fresh vegatable pulps
and a lower expansion of the snacks. At the same time,
there were significant differences in H between the snack
products produced at various rpm — especially when kale,
leek and onion were applied (Table 4). Moreover, interac-
tions between the content of vegetable additives and screw
speed showed significant effects in hardness with regard
to all of the tested snack products. However, as a single
independent variable, the amount of additive on H only
revealed a significant effect for snacks supplemented with
beetroot, carrot or onion (Table 5).

The property of a desirable level of crispness is a mani-
festation of the fact that extrudates are easily broken
because there are many small air cells inside the sample
and thus a pleasant cellular texture with a low degree of
brittleness and stiffness is achieved. The lowest value of
force required for the destruction of the sample indicat-
ing a favourable crispness level was observed for snacks
with 2.5% (w/w) carrot pulp extruded at 80 rpm (1.82 N),
whereas the highest level was noted for snacks with
a 7.5% (w/w) application of leek or onion pulp (Table 4).
The addition of beetroot and carrot pulps allowed for the
achievement of crispier snacks as compared with other veg-
etables. No significant differences were found with regard
to the type of vegetable used compared to the control snack
except with the application of 2.5-5.0% (w/w) of beetroot
or carrot pulp, but the addition of vegetable pulp at a level
above 7.5% (w/w) showed significant changes in crispness
due to the more compact structure, lower expansion levels
and increased density of the tested snacks (Table 4).

Interactions between independent variables had a sig-
nificant effect on CR only for the snacks supplemented
with carrot pulp, and the amount of additives only had
a significant effect if carrot or onion pulp was used (Table 5).
The maximum fracturability value was noted for snack
products with 2.5% (w/w) kale pulp in the recipe, and
when the snacks were produced at 120 rpm. The amount
of additive alone had a significant effect on FR for snacks
supplemented with beetroot pulp (Table 5). Generally, the
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Table 3. Results of analysis of variance of the effect of screw speed, additive type and interactions on colour profile of rice-based
supplemented crisps

Independent Additive Dependent Sum of df Mean Sum of Mean
. . squares square squares square F-test  p values
variable type variable effect error
effect effect error error
L* 2187 4 546.8 696.8 145 481 113.8  0.000"
Beetroot a* 885.9 4 214.0 152.3 145 1.05 203.8  0.000"
b* 4753 4 1188 360.5 145 249 4780  0.000"
L* 1839 4 459.7 387.7 145 2.67 171.9  0.000"
Carrot a* 179.9 4 44.98 118.3 145 0.82 5515 0.000"
b* 1469 4 367.3 164.2 145 1.14 323.6  0.000"
Content of the L* 5291 4 1323 730.2 145 5.04 2627 0.000"
additive () K€ a* 13.21 4 3.300 113.0 145 0.78 4240  0.003"
o b* 339.1 4 99.77 335.1 145 231 4317  0.000"
L* 881.1 4 220.3 540.6 145 3.73 59.09  0.000
Leck a* 2427 4 6.070 111.5 145 0.77 7.890  0.000
b* 181.3 4 45.32 283.2 145 1.95 2320 0.000"
L* 721.5 4 180.4 682.5 145 471 3831 0.000"
Onion a* 43.54 4 10.89 120.0 145 0.83 1356 0.000"
b* 41.84 4 10.46 210.9 145 1.45 7190 0.000"
L* 17.15 2 8.580 2867 147 1950 0440  0.645
Beetroot a* 0.885 2 0.440 1007 147 6.85 0.060  0.938
b* 3.460 2 1.730 5110 147 3476 0050  0.951
L* 10.26 2 5.130 2216 147 1508 0340  0.710
Carrot a* 6.330 2 3.140 291.9 147 1.99 1,590  0.210
b* 14.62 2 7310 1619 147 1102 0660  0.520
Serew shoed L* 14.98 2 7.490 6006 147 4086  0.180  0.830
(tom) P Kale a* 1.140 2 0.700 124.8 147 085 0.830  0.436
P b* 7.290 2 3.640 726.9 147 4.94 0740  0.480
L* 4.880 2 2.440 1417 147 9.64 0260  0.777
Leek a* 7.970 2 3.990 127.8 147 087 4580  0.012'
b* 48.33 2 24.16 416.2 147 2.83 8530  0.000"
L* 9.090 2 4.540 1395 147 9.49 0480  0.620
Onion a* 5.230 2 2.620 158.3 147 1.08 2430 0.092
b* 3.840 2 1.920 248.9 147 1.69 1130 0.320
L* 2239 14 159.9 644.6 135 4.77 3350 0.000"
Beetroot a* 865.3 14 61.81 142.8 135 1.06 5844  0.000"
b* 4801 14 342.9 312.3 135 231 1482 0.000"
L* 1963 14 140.2 264.1 135 1.96 71.66  0.000"
Carrot a* 206.3 14 14.74 91.82 135 0.68 2166 0.000"
b* 1514 14 108.1 120.3 135 0.89 1213 0.000"
g;;f?é ((’;t)hi L* 5353 14 382.4 667.6 135 4.95 7732 0.000°
s °d Kale a* 18.41 14 1.310 107.8 135 0.80 1.650  0.074
(rc;rren\;v spee b* 521.4 14 37.24 212.8 135 1.58 2362 0.000"
L* 997.0 14 71.22 4247 135 3.15 2264  0.000"
Leek a* 57.15 14 4.080 78.64 135 0.58 7010 0.000"
b* 343.1 14 24.51 121.4 135 0.90 2726 0.000"
L* 835.8 14 59.70 568.1 135 421 1419  0.000"
Onion a* 73.79 14 5.270 89.74 135 0.66 7930  0.000"
b* 5431 14 3.880 198.5 135 1.47 2.640  0.002"

L* — lightness; a* — balance between redness (+) and greenness (-); b* — balance between yellowness (+) and blueness(-); " indicates
significant effect at o = 0.05.
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Table 4. The texture profile (n = 2) of rice-based snacks enriched with fresh vegetable pulp addition processed at various screw

K. LISIECKA et al.

speeds
.. Screw
Vegetable Additive
type amount (%) ?f;r;(; H(N) CR (N) FR (N) SE) cCm)
Ri 80 521.0 + 11.00° 9.76 + 3.14% 420.5 +20.64% 1.08 £0.01° 0.08 £ 0.02°
nzek 0 100 421.0+7.00° 11.43+3.07¢ 3740+ 16.00°  095+0.16®  0.10+0.03"
Snacks 120 4745+ 6.50% 12444+ 1.74°  415.0 +3.00% 0.90+0.09®  0.11+0.02°
80 425.0 + 18.00"™ 3.55+2.37° 372.0 + 4.00¢ 1.33 £0.43° 0.02 +0.01°
2.5 100 474.5 + 13.50% 7.18 £ 1.10® 368.0 + 17.00° 1.40 £ 0.28° 0.05+0.01®
120 460.0 + 1.00% 5.86 +0.48% 391.0 + 4.00% 1.21+0.14¢ 0.03 + 0.02°
80 368.0 + 18.00® 7.10 + 2.88% 294.0 + 6.00 1.34 +0.04° 0.09 + 0.01%
5.0 100 364.0 + 11.00%® 1522+2.88°  338.0+ 12.00¢ 0.97 + 0.14% 0.07+0.01°
Beetroot 120 358.0 + 9.00® 6.46+0.12°  204.5+19.50° 1.03+0.01% 0.10 +0.01%
80 397.0 + 9.00%® 7.83+3.87"  304.0 + 8.00° 1.33 + 0.43% 0.04 £ 0.02°
7.5 100 371.5 + 5.50® 9.90 £3.71°  304.5+7.50° 1.01 £ 0.06° 0.06+0.01*
120 380.0 £ 15.00°  12.70+£0.70°  365.5£9.50¢ 0.98 + 0.04" 0.04 £ 0.01°
80 434.0 +£18.00®  15.30+2.80°  431.5+15.50° 1.12 +0.09¢ 0.03 £0.01°
10.0 100 432.0 +2.00" 11.95+3.35¢  430.8+0.75° 1.26 £0.15% 0.03 + 0.00°
120 406.0 + 3.00° 8.61 +2.00° 430.0 + 15.00° 1.41+0.11° 0.03 £ 0.02°
80 357.5 + 16.50® 1.82 +0.53° 181.7 + 6.35° 1.00 £ 0.09° 0.07 £ 0.02°
2.5 100 439.5+17.50*  12.02+2.88¢  283.5+12.50™ 0.73 + 0.26® 0.04 +0.01*
120 438.0 + 10.00"™ 4.63 +0.38" 404.5 +12.50% 0.86 = 0.06° 0.04 +0.02°
80 351.5+19.50°  6.30+1.15°  314.5+ 14.50° 1.11£0.27° 0.04 = 0.02°
5.0 100 386.5 + 16.50® 6.21 £3.57* 326.5 + 15.50% 1.40 + 0.42° 0.03 +0.02°
Carrot 120 365.0 £ 6.00% 5.53 +0.86™ 302.5 + 1.50° 0.73 + 0.35® 0.06 + 0.02®
80 502.0 + 13.00% 10.80 + 0.80°  468.5 + 16.50° 1.07 £0.06° 0.06 +0.01®
7.5 100 358.5 +9.50® 18.55 + 3.65¢ 263.5 +10.50° 1.41+£0.21° 0.02+0.01*
120 4415+ 6.50% 12.11+1.48°  296.0 + 8.00™ 0.57+0.14* 0.08 £ 0.02°
80 520.0 + 19.00° 1228 +1.03¢  220.5+ 10.00® 0.92 + 0.42% 0.07 £ 0.04°
10.0 100 400.5 + 5.50° 10.76 £ 1.05°  313.0 + 18.00° 0.78 + 0.64® 0.08 £ 0.05°
120 435.0 + 19.00° 10.59+1.01°  366.0 + 18.00° 1.25 +£0.22¢% 0.07 £ 0.04°
80 446.0 + 16.00% 10.93+2.07°  374.0 + 11.00° 0.87 £0.13° 0.08 +0.02"
2.5 100 392.0+ 14.00°  12.00+0.91¢  338.5+6.50% 1.27 + 0.45% 0.11 £0.07°
120 528.0 + 11.00° 1122+0.18°  499.0 + 18.00° 0.94 £+ 0.04% 0.08 +0.02"
80 4455+17.50¢  11.87+1.47¢  385.5+27.50% 0.92 + 0.02% 0.07+£0.01°
5.0 100 410.5 +17.50° 14.80 + 1.80*  333.5 +8.50 0.70 + 0.06® 0.07+£0.01°
Kal 120 347.0 + 7.00° 1231+ 1.11¢  336.5+2.50 1.09 £ 0.29° 0.08 £ 0.03°
ale 80 356.5+250"  12.04+042°  337.0+3.00¢ 087+0.13°  0.12+0.01°
7.5 100 442.5+10.50°  13.02+0.08"  406.0 + 17.00* 1.17 £ 0.20% 0.03 +0.01°
120 384.5 + 14.50® 12.10+0.11*  363.5+15.50° 1.33 +£0.58° 0.05 +0.03®
80 404.0 + 15.00° 15.26 £1.94%  379.0 + 20.00° 1.29 +0.35% 0.04 £ 0.01°
10.0 100 486.0 £12.00®  11.79+0.52¢  378.0 = 19.00 1.04 +0.27° 0.02 £ 0.02°
120 353.0 +9.00® 14.06 + 1.15%  339.0 + 14.00° 1.34 + 0.40° 0.04 £ 0.01°
80 427.5 + 15.50" 1221 +£0.90°  345.0 £ 16.00 0.83 +0.02° 0.08 £0.01°
2.5 100 467.5 +19.50¢ 1425+ 6.65°  376.0 + 4.00° 0.86 = 0.03" 0.06 +0.01®
120 448.5 + 8.50% 1423 +2.78%°  370.0 + 15.00° 1.26 +0.38% 0.04 +0.02°
80 389.5+17.50°  11.27+0.97¢  327.0 = 11.00¢ 0.75 = 0.19® 0.06+0.01*
5.0 100 440.5 + 18.50° 1344 +£1.69°  362.5+17.50° 1.02 +0.03° 0.05 + 0.04™
Leek 120 416.0 + 11.00° 12.38+2.18%  380.5 £ 16.50° 1.01£0.19° 0.05+0.01®
ce 80  534.0+ 1.00° 13.51£2.18"  449.0+£17.00°  0.81+0.03°  0.03+0.02°
7.5 100 423.5 + 6.50 11.14£2.04%  301.5+15.50° 0.83+0.07° 0.12+0.07°
120 397.5+31.50°  15.45+0.93*  292.0 +8.00* 1.00 +0.08° 0.07 £0.02"
80 461.5+15.50¢ 11.99+£0.92¢  444.5+19.50° 0.86+0.11° 0.09 + 0.03%
10.0 100 456.5 +7.50% 13.58£0.52¢  415.0 £5.00® 0.99 +0.01% 0.12 £0.03°
120 353.0£20.00°  14.06+£0.58°  339.5+2.50° 1.34 +0.22° 0.04 +0.03*

H — hardness, CR — crispness, FR — fracturability, S — springiness, C — cohesiveness; ** means indicated with similar letters in columns

do not differ significantly at & = 0.05.
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Table 4. Continuation

. Screw
Vegetable Additive
type amount (%) speed H (N) CR (N) FR (N) S () C(N)
(rpm)
80 421.0£17.00* 1222 +0.10° 306.5 + 7.50° 1.28 £ 0.35% 0.05 + 0.04®
2.5 100 467.5 +5.50° 14.25 + 1.30% 376.0 £ 4.00° 0.86 = 0.35° 0.06 + 0.03®
120 438.5 +7.50° 14.54 £ 0.76% 349.0 + 13.00° 0.85 + 0.05" 0.07£0.01°
80 457.0 + 14.00  14.70 +2.30% 346.0 + 10.00° 0.98 +0.13" 0.06 + 0.02®
5.0 100 467.0+12.00°  11.02+0.22% 381.5 + 15.50¢ 0.87+0.11° 0.06 + 0.02®
oni 120 448.5 £ 9.50 13.24 + 1.51¢ 377.5 +13.50° 1.31 £037° 0.04 = 0.02°
nion
80 450.5+11.50¢  17.25+0.25° 441.0 + 15.00° 1.11 +£0.35% 0.06 + 0.02®
7.5 100 405.0 £19.00°  16.53 + 3.68° 339.5 + 19.50° 1.31 +0.46° 0.02 +0.01°
120 367.5+6.50® 15.63 £2.27% 323.0 + 18.00° 0.96 + 0.01% 0.07 £0.03°
80 440.0 £ 16.00°  14.80 +2.54% 360.0 + 3.00¢ 1.27 £0.07% 0.05+0.01®
10.0 100 328.5+13.50°  12.83 +£2.63¢ 328.5+ 18.50° 0.95 = 0.05" 0.08 = 0.02°
120 348.0 + 5.00° 12.13 £0.78¢ 279.5 +3.50° 0.96 +£0.31% 0.05+0.01®

H — hardness, CR — crispness, FR — fracturability, S — springiness, C — cohesiveness; “ means indicated with similar letters in columns

do not differ significantly at a = 0.05.

application of fresh vegetable pulp in amounts not exceed-
ing 5.0% (w/w) lowered fracturability as compared to the
control snacks. Furthermore, significant differences were
noted between almost all of the snack products produced
at 80 and 120 rpm (Table 4). Additionally, interactions
between the content of vegetable additives and screw speed
had significant effects on the FR of the snack products
which included beetroot and carrot pulp (Table 5).

Directly expanded snacks are crispy and not springy, so
springiness values were low and varied from 1.41 in rice
snacks supplemented with 10.0% (w/w) beetroot pulp pro-
cessed at 120 rpm, to 7.5% (w/w) for snacks with carrot
pulp processed at 100 rpm, and up to 0.57 for rice snack
products enriched with the addition of 7.5% (w/w) carrot
pulp extruded at 120 rpm. With regard to the amount of
vegetable pulp used and the variable screw speed achieved
and interactions tested, no significant effects on S were
found between all of the tested extrudates (Table 4).

The cohesiveness of these kinds of products is low due
to the porous and expanded structure of extruded snack
products. The highest values of C (0.12 N) were found in
rice snack products supplemented with 7.5% (w/w) kale
pulp processed at 80 rpm or 7.5 and 10.0% (w/w) leek
pulp processed at 100 rpm. Due to the type of vegetable
used, significant differences were found between the con-
trol rice snack products and snacks supplemented with
a high content of beetroot and kale pulp (Table 4). However,
independent variable interactions only showed a signifi-
cant effect on C for snacks enriched with beetroot pulp,
while the amount of additive had a significant effect on the
cohesiveness of snacks with beetroot, carrot and kale pulp
addition (Table 5).

Wojtowicz et al. (2018) added freeze-dried tomato to
corn extrudates with the assumption that only snacks with
a rating above 5 points were considered acceptable within

a 9-point hedonic evaluation. Based on this assumption,
all snacks containing 10.0% (w/w) of vegetable pulp, with
the exception of kale fortified snacks, may be considered
undesirable.

Figure 5 shows the results of the consumer acceptability
of snacks enriched with fresh vegetable pulps. In all cases,
regardless of the rotational speed applied, the addition of
2.5% (w/w) vegetable pulp to the extrudates increased the
acceptability of the product among consumers, in compari-
son to the control rice snacks. Snacks supplemented with
2.5% (w/w) leek pulp produced at 80 and 100 rpm (7.6 and
7.05, respectively) and with kale processed at 120 rpm
(7.5) were the most acceptable. The content of the addi-
tive and the interactions between content and screw speed,
therefore, had significant effects on the acceptability results
(Table 5).

The appearance of the tested snacks varied depending
on the type of vegetable pulp applied. However, most of the
snacks were visually attractive (Fig. 6), but other quality
features resulted in the elimination of snacks with the high-
est content of fresh vegetables. Snacks with a 10.0% (w/w)
addition of vegetables were characterized by a rough sur-
face and an irregular shape, especially when beetroot, carrot
or kale were used. The results of the sensory acceptability
test showed that the aplication of fresh pulps of beetroot,
carrot, kale, leek, and onion to fortify snacks above 7.5%
(w/w) is not recommended.

CONCLUSIONS

1. With increased screw speed, an increase in the
processing efficiency of snack products enriched with
vegetable pulps was noted. An increase in the specific
mechanical energy, in particular, for snack items enriched
with beetroot, carrot and onion pulp by up to 2.5% (w/w) of
the additive was also evident.
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Table 5. Results of analysis of variance of the effect of screw speed, additive type and interactions on texture profile and acceptability
rice-based supplemented snacks

Independent Additive Dependent Sum of df  Mean square Sum of df Mean P
variable type variable squares effect effect squares error square F-test values
effect error error

H 50555 4 12639 19313 25 772.6 16.36  0.000°

CR 146.7 4 37.42 381.3 25 15.25 2450  0.072
Beetroot FR 89715 4 22429 51725 25 2069 10.84  0.000°

S 0.436 4 0.100 1.576 25 0.063 1.730  0.175
C 0.023 4 0.006 0.009 25 0.000 15.80  0.000°
A 111.1 4 27.77 305.2 220 1.387 20.01 0.000"
H 3842 4 9613 71237 25 2850 3370  0.024
CR 286.2 4 71.56 321.7 25 12.87 5.560  0.002°

Carrot FR 72106 4 17757 218393 25 8736 2.030  0.120

S 0.151 4 0.038 3.870 25 0.155 0.240 0911
C 0.018 4 0.003 0.023 25 0.009 3240  0.028"
A 252.2 4 63.05 247.5 220 1.125 56.05  0.000°

H 28406 4 7102 84779 25 3391 2.090 0.112

Content of CR 26.87 4 6.72 111.4 25 4.450 1.510  0.230
the additive  Kale FR 13368 4 3342 69651 25 2786 1.200  0.336
%) S 0.375 4 0.094 2.832 25 0.013 0.830  0.521
C 0.015 4 0.004 0.032 25 0.001 2.890  0.043°
A 56.21 4 14.05 143.4 220 0.652 21.57  0.000"

H 9982 4 2496 46112 25 1844 1.350  0.278

CR 108.7 4 27.17 391.5 25 15.66 1.740  0.174

Leek FR 12856 4 3214 92729 25 3709 0.870  0.498

S 0.085 4 0.021 1.115 25 0.044 0.480  0.754

C 0.007 4 0.002 0.036 25 0.001 1.22 0.326
A 187.4 4 46.84 170.7 220 0.776 60.39  0.000"
H 41122 4 10281 45451 25 1818 5.650 0.0027
CR 86.32 4 21.58 166.6 25 6.66 3240  0.028"

Onion FR 20778 4 5195 62968 25 2519 2.060 0.116

S 0.112 4 0.028 2.505 25 0.100 0.280  0.888
C 0.008 4 0.002 0.018 25 0.001 2.800  0.047"
A 110.4 4 25.11 53.28 220 0.242 103.7  0.000°

H 1518 2 759.1 68353 27 2532 0.300 0.743

CR 32.83 2 16.42 498.2 27 18.45 0.890 0.422

Beetroot FR 51.56 2 25.78 141389 27 5237 0.010 0.995

S 0.108 2 0.054 1.903 27 0.070 0.770 0.473

C 0.001 2 0.000 0.031 27 0.001 0.330 0.718

A 0.438 2 0.188 415.9 222 1.874 0.100 0.095

H 14478 2 7239 95212 27 3526 2.050 0.148

CR 0.71 2 35.35 537.2 27 19.90 1.780  0.188

Screw Carrot FR 17397 2 8697 272022 27 10075 0.860  0.433
speed (rpm) S 0.220 2 0.110 3.818 27 0.141 0.780  0.469
C 0.001 2 0.001 0.034 27 0.001 0.450  0.639

A 5.511 2 2.755 494.1 222 2.226 1.240  0.291

H 1608 2 804.1 111577 27 4132 0.190  0.842

CR 2.13 2 1.07 136.1 27 5.040 0210  0.810

Kale FR 3031 2 1516 79988 27 2962 0.510  0.605

S 0.075 2 0.038 3.131 27 0.116 0.330  0.725

C 0.000 2 0.000 0.046 27 0.002 0.120  0.887

A 3.920 2 1.960 195.7 222 0.881 2240  0.110

H - hardness, CR — crispness, FR — fracturability, S — springiness, C — cohesiveness, A — acceptability, ‘indicates significant effect at
o =0.05.
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Table 5. Continuation
Independent Additive Dependent Sum of df Mean Sum of df Mean P
variable type variable squares effect square squares error square Fetest values
effect effect error error

H 6026 2 3013 50068 27 1854 1.62 0.216

CR 47.07 2 23.53 453.1 27 16.78 1.40 0.263

Leek FR 10497 2 5248 95088 27 3522 1.49 0.243

S 0.057 2 0.028 1.142 27 0.042 0.67 0.519

C 0.004 2 0.002 0.039 27 0.002 1.38 0.270

Screw A 0.905 2 0.453 357.1 222 1.609 0.28 0.755
speed (rpm) H 10879 2 5440 75693 27 2803 1.94 0.163
CR 2.750 2 1.37 250.1 27 9.26 0.15 0.863

Onion FR 3399 2 1699 80347 27 2976 0.57 0.572

S 0.109 2 0.054 2.508 27 0.093 0.58 0.564

C 0.000 2 0.000 0.026 27 0.001 0.13 0.875

A 0.005 2 0.003 153.7 222 0.692 0.004 0.996
H 64913 14 4637 4958 15 330.5 14.03 0.000"

CR 334.7 14 2391 196.3 15 13.09 1.83 0.130
Beetroot FR 116418 14 8315.57 25023 15 1668 4.98 0.002°

S 0.903 14 0.065 1.109 15 0.074 0.87 0.598
C 0.026 14 0.002 0.006 15 0.000 491 0.002°
A 111.9 14 7.992 304.4 210 1.450 5.51 0.000"
H 100984 14 7213 8706 15 580.4 12.43 0.0007
CR 477.7 14 34.12 130.29 15 8.680 3.93 0.006"
Carrot FR 250859 14 17919 38560 15 2571 6.97 0.000"

S 1.660 14 0.119 2.377 15 0.158 0.748 0.703

C 0.019 14 0.001 0.016 15 0.001 1.27 0.323
A 274.4 14 19.74 2232 210 1.063 18.57 0.000"
Content of H 92858 14 6633 20327 15 1355 4.89 0.0027
the additive CR 59.08 14 4.22 79.16 15 5.280 0.80 0.659
(%) x Kale FR 54717 14 3908 28302 15 1887 2.07 0.087
Screw S 1.062 14 0.076 2.145 15 0.143 0.53 0.878
speed (rpm) C 0.027 14 0.002 0.019 15 0.001 1.48 0.230_
A 63.22 14 4.515 136.4 210 0.649 6.95 0.000"
H 46361 14 3311 9733 15 648.9 5.10 0.0027

CR 310.6 14 22.19 189.6 15 12.64 1.76 0.146

Leek FR 71935 14 5138 33650 15 2243 2.29 0.062

S 0.566 14 0.040 0.633 15 0.042 0.96 0.530

C 0.022 14 0.002 0.022 15 0.002 1.06 0.457
A 191.4 14 13.67 166.6 210 0.793 17.24 0.0007
H 77476 14 5534 9097 15 606.4 9.13 0.0007

CR 123.1 14 8.790 129.8 15 8.65 1.02 0.485

Onion FR 55445 14 3960 28301 15 1887 2.10 0.083

S 0.874 14 0.062 1.743 15 0.116 0.54 0.873

C 0.014 14 0.001 0.013 15 0.001 1.19 0.371
A 101.4 14 7.240 52.35 210 0.249 29.04 0.0007

H — hardness, CR — crispness, FR — fracturability, S-springiness,

a=0.05.

2. The presented results showed the various effects
of the addition of different vegetable pulps on the physi-
cal properties and texture of the supplemented gluten-free
snacks. The increased content of vegetable pulps had an
impact on the reduction of the expansion index, as well as
increasing the bulk density of the snack items.

3. The addition of fresh vegetable pulps darkened the
final colour of the snack products. The colour profile was
connected with the natural colour of the vegetables used.

C — cohesiveness, A - acceptability, findicates significant effect at

The most intensive colour changes in the snacks were
found if beetroot and kale pulps were applied as additives.
The addition of fresh vegetable pulp to snack products pro-
cessed at 80 rpm decreased hardness as compared to the
control rice snacks.

4. The use of fresh vegetable pulps is an interesting
alternative to the artificial enriching of snack products
and eliminates the additional drying processing steps that
serve to preserve thermo-sensitive nutritive compounds.
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Fig. 5. Acceptability of rice-based snack products enriched with
fresh vegetable pulps processed at various screw speeds: a) 80
rpm, b) 100 rpm, c¢) 120 rpm: (PS) control pure rice snacks, (B)
beetroot, (C) carrot, (K) kale, (L) leek, (O) onion.

Moreover, the natural colour of the vegetables used. The
idea of applying fresh vegetable pulp appears to be benefi-
cial for the food industry as it is economically efficient due
to the omission of the energy spent on the drying treatment
and consumption of water during typical extrusion process-
ing. However, due to the factor of consumer acceptability,
it is not recommended to fortify snacks above 7.5% (w/w)
with fresh pulps of beetroot, carrot, kale, leek and onion.

5. It is possible to produce an acceptable gluten-free
snack product that has been enriched with vegetable
additives.

100 rpm

120 rpm

Control 0%

5.0%

Beetroot

10.0%

5.0%

Carrot

10.0%

5.0%

Kale

10.0%

5.0%

Leek

10.0%

5.0%

Onion

10.0%

Fig. 6. View of extruded snacks supplemented with fresh vegeta-
ble pulps: control rice snacks, 5.0 and 10.0% (w/w) of beetroot,
carrot, kale, leek and onion, respectively, processed at various
screw speeds.
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