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ABSTRACT

Dracocephalum moldavica L. residues after the cold oil pressing were added as supplementation
to corn snacks in the amount of 5-30%. The experiment assessed the effect of addition of the
dragonhead bagasse (oilcake) on the selected physical properties and texture of snacks. Directly
expanded snacks were made with the extrusion-cooking technique at 14% of initial moisture of
blends. The processing was carried out at 100 rpm, at the temperature ranged 115-140°C with a
3-mm forming die. The snacks were then tested to evaluate apparent and bulk density and the
water absorption and water solubility indices, as well as the cutting force for texture. The
increasing amount of dragonhead seed oilcake showed a significant impact on the physical
properties of extrudates, lowering bulk density and water absorption, but increasing apparent
density, water solubility and the cutting force of the enriched shacks. The application of
dragonhead residues as an additive to corn crisps could be an effective way to limiting the oil
waste after pressing and increasing the sustainability of waste management. A new range of
nutritionally valuable snacks could be also introduced to the market.

INTRODUCTION

The Moldavian dragonhead (Dracocephalum moldavica L., Lamiaceae) is known as an
herbal plant with specific properties, such as the presence of phenolic compounds,
especially flavonoids (Yang et al. 2014). Primarily, the main raw material for medicinal
purposes is the leaves and flowers of Dracocephalum moldavica used as infusion to treat
stomach and liver disorders, headaches and congestion, coronary heart disorders and
hypertension (Dastmalchi et al. 2007; Yang et al. 2014). There are some latest reports
showing the application of dragonhead extracts as a therapeutic agent in many
dysfunctions: cardioprotective, antiplatelet, neuroprotective, sedatives and anti-aging
(Jiang et al. 2014; Gagos et al. 2011). Dragonhead seeds are a good source of protein,
lipids and fiber (Aprotosoaie et al., 2016; Dziki et al. 2013). Dragonhead seeds are also
recognized as useful for the extraction of valuable oil. The seeds contain a high amount of
fat (around 30%), in which 90% are unsaturated fatty acids, mainly omega-3 fatty acids.
The plant has been confirmed as a good source of linolenic acid (59.4% in seeds after
processing to obtain volatile oils) (Domokos et al. 1994). After obtaining oil by cold
pressing, there are some residues left containing protein with an unchanged nutritional
value, relative to the starting material (Hanczakowski et al. 2009). Taking these positive
nutritional features of dragonhead seeds into consideration, the residues of cold oil
pressing could be a valuable source of protein and unsaturated fatty acids. One of the
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useful waste management methods is extrusion-cooking. This HTST (high-temperature
short-time) method is based on the thermal and mechanical processing of raw materials
into food and feed products with unique characteristics. As regards the short-time
treatment, extrusion-cooking is one of the most effective treatment methods which only
slightly reduce the nutritional value of components. A limited destruction of the
nutritional components and biologically active compounds (e.g. antioxidants) coupled
with the improvement in starch and protein digestibility are just a few advantages of this
process (Oniszczuk et al. 2015; Wojtowicz et al. 2017). These advantages make the
extrusion-cooking suitable as a processing method of many food and feed products, e.g.
crisps, pasta, breakfast cereals, instant products, flat bread, confectionery, and many
others (Bouasla i in., 2016; Krecisz and Wojtowicz 2017; Wojtowicz et al., 2015). The
aim of this study was the application of dragonhead seed waste left after cold oil pressing
in snacks and the evaluation of some selected physical properties and texture of snacks
extruded with the various amounts of this additive.

MATERIALS AND METHODS

Corn grits (purchased from Lubella Sp. z 0.0. Sp. K., Lublin, Poland) were used as the
basic raw material. The Dracocephalum moldavica L. seeds were collected in 2016 and
stored in dark conditions until tests. The seeds were pressed with a single screw oil press
with the cold method to collect oil samples; the residue as bagasse waste (oilcake) was
collected after pressing, stored in a refrigerator and then ground with the laboratory
grinder LMN10 (TestChem, Radlin, Poland) to a granulation below 0.8 mm. Ground
dragonhead bagasse was added to corn grits in the amount of 5-30%, mixed and moistened
to the final blend moisture of 14%. The extrusion-cooking process was performed with the
single screw extruder TS-45 (Metalchem, Gliwice, Poland) at L/D=12:1 and with the
compression ratio of 3:1. The processing temperature ranged 115-140°C and the screw
speed was 100 rpm. The snacks were shaped with a single-opening forming die of 3mm in
diameter. The obtained samples were dried at 40°C for several hours until the final
moisture content of 6%. Selected physical properties of snacks were tested as well as
texture. Apparent density was determined by substituting sand weight for extrudates
volume and dividing it by sand density. Extruding bulk density (BD) was calculated as a
mass (kg) of specific sample volume (m®) using a measuring cylinder filled gently with
snacks (Wojtowicz et al. 2017). The density measurements were reported as an average of
five replications. The water absorption index (WAI) and the water solubility index (WSI)
were determined by means of centrifugation (Bouasla et al. 2017) for each sample in five
replications. The WAI was calculated as the amount of absorbed water (g) per g of dry
sample. The water solubility index (WSI) was determined as solids recovered after the
total evaporation of water at 105°C of supernatant obtained from the WAI analysis.
Texture as cutting force (Fmax) was tested with a Warner-Bratzler steel blade at the test
speed of 500 mmmin?t with Zwick BDO- FB0.5TH machine (Zwick GmbH & Co.,
Germany) in 10 replications. The obtained results were tested with the F-test and the
Kruskal-Wallis one-way analysis of variance with the amount of additive as a variable
factor was analyzed with Statistica (version 10.0, USA).

RESULTS AND DISCUSSION

Extrusion-cooking of corn snacks supplemented with dragonhead bagasse in the amount
of 5-30% showed a significant effect on the tested physical parameters and texture of
snacks. The apparent density values for snacks varied from 101 to 187 kgm= (Fig. 1).

279



There was a visible effect (p-vaiie=0.000, Table 1) of the growing dragonhead bagasse
addition on the positive correlation coefficient (R?=0.741). The addition of 5 and 10% of
dragonhead oilcake lowered apparent density of snacks. A further increase in the amount
of bagasse addition, up to 30%, resulted in a significant increase of the apparent density
values, which could be the result of the increasing fiber, fat and protein content derived
from dragonhead seeds oilcake waste.
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Fig. 1. Apparent density of extruded corn snacks with the addition of various amounts of dragonhead seeds
bagasse waste
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Fig. 2. Bulk density of extruded corn snacks with the addition of various amounts of dragonhead seed
bagasse waste

Bulk density evaluated for corn snacks with the addition of Dracocephalum moldavica
seed oilcake ranged from 188 to 271 kgm™ (Fig. 2). These values were lower than those
reported for corn snacks. The addition of bagasse makes snacks less compact and well
puffed, thus significantly (p-vaie=0.000, Table 1) limiting bulk density. For directly
expanded snacks, this behavior is desirable, and low bulk density is usually connected
with the high expansion and good crispness of snack products. Increased application of
oilcake waste from dragonhead seeds lowered bulk density with R?=0.846.

The water absorption index of the extrudates is directly linked to the intensity of
thermomechanical treatment during the extrusion-cooking process (Bouasla et al. 2017).
The WAI of snacks based on corn and supplemented with the addition of dragonhead
oilcake waste reached the values from 4.18 to 5.17 g-g’. These values were similar or
lower than in the case of corn snacks without any additives (5.13 g-g1). A greater amount
of bagasse waste lowered the water absorption of the tested snacks with R?=0.699 (Fig. 3).
Ground oilcake, rich in fiber, protein and fat, added to corn grits is likely to disturb the
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integration of components inside the extruder and reduce the processing intensity of
ingredients. This effect was significant (p-vaie=0.001) but the differences were limited
(only 14% less than for corn snacks).
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Fig. 3. The WAL of extruded corn snacks with the addition of various amounts of dragonhead seed bagasse
waste
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Fig. 4. The WSI of extruded corn snacks with the addition of various amounts of dragonhead seed bagasse
waste

The results of the water solubility index of corn crisps supplemented with dragonhead
seed bagasse waste ranged from 7.28 to 9.99% (Fig. 4). The differences between the
means resulting from the supplementation were significant (p-vaiue=0.000, Table 1), but, as
for the WAL, the WSI results were close: an increase of 37% was observed along with the
growing amount of Dracocephalum moldavica seed bagasse waste in the recipe. The low
values of water solubility reported for the tested extrudates showed a good integration of
components during treatment and a low degradation of starchy components by
thermomechanical treatment.

The cutting force measured for snacks supplemented with the Moldavian dragonhead
ranged from 11.7 N for corn snacks to 15.4 N when 30% of the additive was used in the
recipe (Fig. 5). A significant rise in the amount of the additive (p-vaiie=0.00001, Table 1)
translated into greater hardness of the supplemented snacks, but even a high amount of the
additive produced snacks with proper texture. Increased hardness (around 31%) has no
negative effect on the overall quality of the supplemented snacks.
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Fig. 5. The cutting force of extruded corn snacks with the addition of various amounts of dragonhead seed
bagasse waste.

Table 1. A statistical analysis of the effect of dragonhead bagasse waste addition on the selected properties
of extruded snacks

F-test KW-H
Parameter Polynomial quadratic equation value p-value test p-value
value

Apparent Density (kgh?) | pa=131.275-20.693A+4.159A7 | 2341.148 | 0.0000 | 19.498 | 0.0034

Bulk Density (kgh?) pe=321.104-8.389A+2.974A7 | 1378.032 | 0.0000 | 32.747 | 0.00001

WAI (gg D) WAI=5.127+0.044A-0.021A2 | 7.459 | 0.0010 | 14.961 | 0.0206
WSI (%) WSI=8.295-0.193A+0.063A2 | 30.048 | 0.0000 | 18.419 | 0.0053
Cutting Force (N) Fro=12.261-0.489A+0.131A7 | 10.062 | 0.00001 | 22.051 | 0.0012

A — additive amount; pa — Apparent Density; ps — Bulk Density; WAI — Water Absorption Index; WSI —
Water Solubility Index; Fmax— Cutting Force

As reported by Wojtowicz et al. (2017), the addition of Dracocephalum moldavica leaves
increased bulk density, cutting force and breaking index of enriched shacks products
compared with corn snacks. It was linked to the lower expansion and porosity of
extrudates with an addition of fibrous components and increased bulk density of products
with a high ash and fiber level (Altan et al. 2008).

CONCLUSIONS

The application of Moldavian dragonhead seed oilcake as an additive was found to be
suitable for the processing of corn crisps directly expanded in the extrusion-cooking
process that yielded ready-to-eat snacks. The research proved a significant impact of the
amount of additive on texture and the physical properties of the supplemented snacks. The
use of dragonhead seed oilcake lowered bulk density and the WAI and increased apparent
density, water solubility and hardness of the tested snacks. The discussed results
demonstrate a possibility of the application of dragonhead seed bagasse waste as a
functional additive to corn snacks without any negative effect on the quality of extrudates.
This makes the extrusion-cooking technique suitable for the sustainable management of
waste products that offer an improved nutritional composition compared with
conventional corn snacks.
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