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Featured Application: Sunflower meal ethanol-wash solute (SEWS) was obtained as waste by pre-
treatment of industrial sunflower meal, used as a material for protein isolation. The biochemical
characterization and bioactive properties, established in the current study, turned it into a valu-
able product for the agriculture, food, and nutraceutical industries. Potential applicability of
SEWS could lead to more complete utilization of sunflower meal and add value to the primary
product of sunflower seed processing, namely sunflower oil.

Abstract: Industrial sunflower meal is rich in secondary metabolites, which negatively influence the
quality and functional properties of respective protein isolates. To reduce their quantity, sunflower
meal was subjected to a four-step treatment with 75% aqueous ethanol solution. The ethanol-wash
liquids were collected, concentrated, and freeze-dried to prepare powdery sunflower meal ethanol-
wash solute (SEWS). Otherwise considered waste from the main process of protein isolation, the
SWES was turned into a novel product containing macrocomponents, microelements, and bioactive
compounds. It was found to be rich in carbohydrates (62.14%), lipids (7.73%), and bioactive com-
pounds such as phenols (16.38%) and flavonoids (4.41%). Gas Chromatography-Mass Spectrometry
(GC–MS) analyzes revealed prevalence of sucrose (14.01%), linoleic acid (12.10%), and chlorogenic
acid (85.41%) based on total ion current (TIC) of polar, nonpolar, and phenolic compounds, respec-
tively. The SEWS was found to be rich in microelements with iron (259.02 mg/kg) and copper
(109.36 mg/kg) being the highest amounts. The product contained 0.10 mg/kg selenium. Scavenging
of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals increased with the increase in SEWS concentrations
and reached 52.3% and 69% for 0.05% SEWS when dissolved in water and 70% ethanol, respectively.
The highest hydroxyl radical scavenging activity (52.4%) was achieved at 0.1% SEWS. For all studied
concentrations (0.005% to 0.1%), the SEWS exhibited a higher inhibition capacity than mannitol,
which was used as a positive control. The SEWS demonstrated inhibiting properties against Gram
(+) Curtobacterium flaccumfaciens PM-YT and Fusarium moniliforme ATCC 38932 fungus. The obtained
results outline the SEWS as a natural product with bioactive properties that might be useful in the
agriculture, food, and nutraceutical industries.

Keywords: sunflower meal; ethanol-wash solute; antioxidant activities; antimicrobial activities;
GC-MS analysis
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1. Introduction

Sunflower (Helianthus annuus L.) is an economically important oil-bearing plant [1,2].
Sunflower seeds are mainly used for the production of vegetable oil. The process includes
the generation of sunflower meal as a by-product in quantities that approximate 36% of
the weight of the processed seeds [3]. Currently, sunflower meal is used as a protein-
rich ingredient in feed formulation. The application of this byproduct in animal nutrition,
however, is limited by the presence of some anti-nutrients [4] and poorly digestible fibers [5].
Alternatively, sunflower meal can be used for human consumption by either direct inclusion
as an ingredient of food products [6] or after transformation into value-added compounds
such as proteins, antioxidants, phytochemicals, and dietary fiber [7]. The efficient utilization
of byproducts or food processing organic waste is emerging as a rapidly developing
economically and socially important sector of human life in response to the worldwide
need for efficient utilization of natural resources and gentle care to the environment [4].

In recent years, there has been an increasing interest in sunflower meal protein isolates
as an alternative to animal proteins currently used in the food industry [6]. They have
high nutritive quality and attractive functional characteristics. A major challenge to the
preparation of these products is the presence of phenols that may remain inbound in
the final product and negatively affect their color, taste, and functionality. According to
Liu et al. [8], pre-treatment of the meal aiming at reduction of anti-nutrients such as phenols
may improve the quality of the oil-bearing meal-derived protein isolates. Being focused
on the biorefinery of rapeseed and sunflower meals, Laguna et al. [9] demonstrated that
for extracting phenols, mixtures of water and ethanol could be efficiently used instead
of methanol. Kalaydzhiev et al. [10] achieved a 4-fold reduction of phenols in industrial
rapeseed meal after pre-treatment of the byproduct with 75% aqueous ethanol solution
before using it as a source for preparation of protein isolates with enhanced solubility [11].
To increase the profitability and usability of the rapeseed meal, the ethanol-wash liquids
were collected, vacuum-concentrated, and lyophilized. The resulting powder exhibited
bioactive capacity, including antioxidant and antifungal activity, which outlined it as a
prospective agent for food biopreservation or plant bioprotection [12].

Following a similar approach, a powdery sunflower meal ethanol-wash solute (SEWS),
remaining as a waste of the main process of protein isolation from sunflower meal, was
prepared in our laboratory [13]. The SEWS appeared as a surfactant with good solubility
in water. The current research is a continuation of the previous one aiming at the further
evaluation of SEWS’ applicability potential. The phytochemical profile, antioxidant and an-
timicrobial capacity of the SEWS were investigated to evaluate its suitability in agriculture,
food, or nutraceutical industries.

2. Materials and Methods
2.1. Preparation of Sunflower Meal Ethanol Wash Solute (SEWS)

Industrial sunflower meal was obtained from a local company. It was ground and
sifted, and uniform particles sizing less than 0.315 mm were used to prepare SEWS. The
procedure was schematically outlined by Gandova et al. [13]. Briefly, sunflower meal was
treated with 75% aqueous ethanol solution 4 times. The washing liquids from each step
were collected, vacuum-concentrated (RV 3 V Rotary Evaporator, IKA®-Werke GmbH &
Co. KG, Staufen, Germany) at 50 ◦C for ethanol evaporation, and freeze-dried (Lyovac GT2,
Leybold-Heraeus, Burladingen, Germany) to obtain powdery SEWS. The ethanol-treated
sunflower meal, remaining as a residue, served as a source for the preparation of protein
isolates which, however, was not a subject of this investigation.

2.2. Chemical Analyzes

Total carbohydrates were quantified by Dubois et al. [14], while the evaluation of glu-
cose was performed by using a specific glucose oxidase–peroxidase enzymatic system [15].
Total lipids and proteins were analyzed by Bligh and Dyer [16] and Bradford [17], respec-
tively. Bovine serum albumin was used for the standard curve needed for the quantification
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of the protein. Ash content was determined by ICC Standard No. 104/1 [18]. Total phenols
and flavonoids were evaluated as described by Petkova et al. [19] and Kivrak et al. [20].
Calculations were made by using standard curves prepared with gallic acid and quercetin,
respectively. Selenium (Se) was determined by using inductively coupled plasma optical
emission spectrometry (ICP-OES) [21]. For all other microelements and heavy metals, a
Bulgarian National Standard procedure (BDS) was used [22]. Results were calculated on a
dry matter basis, 91.55 ± 0.49%, unless otherwise specified.

2.3. Gas Chromatography-Mass Spectrometry (GC–MS) Analyzes of SEWS

GC–MS was used to analyze three major groups of phytochemicals, namely polar,
nonpolar, and phenolic compounds, differing by their physicochemical characteristics. The
polar and nonpolar metabolites were extracted as described by Roessner et al. [23]. The
extraction of phenolic acids was conducted as described by Georgiev et al. [12]. GC–MS
analyses were carried out on gas chromatograph Agilent Technology Hewlett Packard
7890 A, coupled with mass detector Agilent Technology 5975 inert XL EI/CI MSD at 70 eV).
Separation of polar and polyphenol compounds was done using an HP-5MS column
(30 m × 0.25 mm × 0.25 µm) by using the following temperature program: from 100 to
180 ◦C with a step of 15 ◦C/min and from 180 to 300 ◦C with a step of 5 ◦C/min, then
hold on 300 ◦C for 10 min. An injector temperature of 250 ◦C and a flow rate of carrier
gas (helium) 1.0 mL/min were used. Injection volume was 1 µL and split ratio 10:1. The
separation of nonpolar compounds was performed as follows: 70 ◦C for 1 min, then
5 ◦C/min to 310 ◦C for 10 min; run time—59 min.

The obtained mass spectra were read using a 2.64 Automated Mass Spectral Deconvo-
lution and Identification System (AMDIS, NIST, Gaithersburg, MD, USA). The separated
compounds were identified by comparison of their GC–MS spectra and Kovach retention
index (RI) with referent compounds in the NIST 08 database (NIST Mass Spectral Database,
PC-Version 5.0, 2008)—National Institute of Standardization and Technology (Gaithersburg,
MD, USA). The RIs of compounds were recorded with a standard n-hydrocarbon calibra-
tion mixture (C9–C36, Restek, Teknokroma, Spain) using AMDIS software, version 2.64
(National Institute of Standardization and Technology (NIST), Gaithersburg, MD, USA).

2.4. Determination of Antioxidant Activity

The antioxidant capacity of SEWS was evaluated in water (SEWS-W) and 70% ethanol
(SEWS-E) by three methods differing by their principle. The study was conducted with
SEWS in different concentrations (varying from 0.005 to 0.1%).

The scavenging effect of SEWS on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical was
estimated by reduced absorbance of the reagent after SEWS addition. Experimental details
are described by Georgiev et al. [12]. The absorbance (Asample) of the DPPH-SEWS mixture
was measured at 517 nm with a spectrophotometer (Spekol 11; Carl Zeiss Jena, Jena,
Germany) after 30 min in darkness. The antiradical activity (AA) was calculated by the
formula AA = (Acontrol − Asample)/Acontrol) and multiplied by 100 to express in percentage.
The control was treated as the corresponding sample but without the addition of SEWS.
The synthetic antioxidant butylhydroxytoluene (BHT) was used as a positive control.

Ferric reducing antioxidant power (FRAP) assay was performed as described by
Ivanov et al. [24]. Briefly, a 3 mL freshly prepared FRAP reagent [12] was mixed with
0.1 mL 0.1% SEWS prepared either in water or 70% aqueous ethanol solution. The mixture
was maintained in dark for 10 min and the absorbance was measured at 593 nm against
blank prepared with water or 70% ethanol. A standard curve was built with FeSO4·7H2O.
The results of the FRAP analysis were expressed as µmol Fe2+ equivalents per gram dry
weight SEWS [25].

Hydroxyl radical scavenging activity of SEWS was evaluated only in water (SEWS-
W) due to interference of ethanol with the assay. The experiments were performed as
before [12]. Mannitol, a classical OH• scavenger, was used as a positive control [26–28].
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2.5. Determination of Antimicrobial Activity
2.5.1. Test Microorganisms and Culture Media

Antimicrobial activity of the SEWS was evaluated against 17 test microorganisms
including eight Gram-positive bacteria (Bacillus subtilis ATCC 6633, Bacillus cereus, Bacil-
lus amyloliquefaciens 4BCL-YT, Staphylococcus aureus ATCC 25923, Listeria monocytogenes
ATCC 8632, Enterococcus faecalis, Micrococcus luteus 2YC-YT, Curtobacterium flaccumfaciens
PM-YT), four Gram-negative bacteria (Salmonella enteritidis, Escherichia coli ATCC 8739,
Proteus vulgaris ATCC 6380, Pseudomonas aeruginosa ATCC 9027), and five fungi (Candida
albicans NBIMCC 74, Saccharomyces cerevisiae, Aspergillus niger ATCC 1015, Aspergillus flavus,
Fusarium moniliforme ATCC 38932). Luria-Bertani agar supplemented with glucose (LBG
agar) and malt extract agar (MEA) media were used for cultivation of test microorganisms
and implementation of agar-well diffusion assay. Both culture media were prepared as per
the manufacturer’s instructions.

2.5.2. Antimicrobial Assay

The antimicrobial activity of SEWS was determined by the agar-well diffusion method
as previously described [29]. Briefly, the pathogenic bacteria and Candida albicans NBIMCC
74 were cultured on LBG agar medium at 37 ◦C for 24 h, while Bacillus subtilis ATCC
6633, B.cereus, B. amyloliquefaciens 4BCL-YT, Micrococcus luteus 2YC-YT, and Curtobacterium
flaccumfaciens PM-YT were cultured on LBG agar medium at 30 ◦C for 24 h. Candida
albicans NBIMCC 74 and Saccharomyces cerevisiae were grown on MEA at 30 ◦C for 24 h.
The remaining fungi were grown at 30 ◦C for 7 days or until sporulation. The inocula
of bacteria were prepared by homogenization of a small amount of biomass in 5 mL of
sterile 0.5% NaCl. The inocula of fungi were prepared by the addition of 5 mL of sterile
0.5% NaCl into the tubes. After vigorous shaking, they were filtered and replaced in
other tubes before use. The number of cells and fungal spores was determined by using a
bacterial counting chamber (Thoma, Poly-Optik GmbH, Bad Blankenburg, Germany). Their
final concentrations were adjusted to 108 CFU/mL for microbial cells and 105 CFU/mL
for fungal spores and subsequently inoculated in preliminarily melted and tempered at
45–48 ◦C agar media. Aliquots of 17 mL inoculated media were transferred to sterile Petri
plates (d = 90 mm; Gosselin™, Hazebrouck, France) and allowed to solidify. Then, six wells
(d = 6 mm) per plate were cut.

The SEWS was dissolved in distilled water at a concentration of 5 mg/mL followed
by serial 2-fold dilutions. Aliquots of 60 µL of each sample were pipetted into the agar
wells in triplicates. Antimicrobial activity was detected by measuring the zone of inhibition
(including the wells diameter, mm) that appeared after incubation for 48 h at temperatures
specified above. Ampicillin (10 µg/mL) and nystatin (40 µg/mL) were used as positive
controls. Distilled water was used as a negative control. The minimum inhibitory concen-
tration (MIC) was considered as the lowest concentration of SEWS, which inhibited the
growth of the respective microorganisms [30].

2.6. Statistical Analyzes

Presented data are the mean ± standard deviation (SD) of three independent ex-
periments (n = 3). Data were analyzed by one-way analysis of variance (ANOVA) using
Statgraphics Centurion statistical program (version XVI, 2009) (Stat Point Technologies, Ins.,
Warrenton, VA, USA). Mean differences were established by Tukey’s honestly significant
difference (HSD) test. Statistical differences were considered significant at p < 0.05.

3. Results and Discussion
3.1. Preparation and Chemical Characterization of SEWS

The SEWS was obtained as waste from the main process of sunflower meal protein
isolation [13] and was not optimized for the content of any of the analyzed compounds. Its
potential as a value-added product was evaluated to maximize the use of the sunflower
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meal as a byproduct and enhance the sustainability of vegetable oil production for both
food and technical purposes [31,32].

Proximate analyzes revealed that more than 50% of the SEWS consisted of carbohy-
drates (62.14%, Table 1). This result is justified by the polar nature of ethanol used for the
preparation of the product. By using ethanol as a solvent, Baümler et al. [33] extracted over
75% of the initial sugar content of sunflower collets. Low molecular weight carbohydrates,
simple sugars, di- and oligosaccharides, are well soluble in aqueous ethanol solutions [34]
and their presence in the SEWS was expected.

Table 1. Chemical composition of sunflower meal ethanol-wash solute.

Component Content, %

Total carbohydrates 62.14 ± 2.87
Glucose 3.18 ± 0.09

Total lipids 7.73 ± 0.18
Protein 1.99 ± 0.08

Ash 6.33 ± 0.16
Total phenols 16.38 ± 0.55

Total flavonoids 4.41 ± 0.17

Indeed, GC–MS analyzes of the polar compounds in SEWS demonstrated a prevalence
of sucrose having the highest total ion current (TIC) in this group (14.01%, Table 2). High
TICs, 6.66%, 5.86%, and 5.41%, were observed for galactose, fructose, and glucose, respec-
tively (Table 2). The presence of 3.18% glucose in the SEWS was estimated by a highly
specific enzymatic method (Table 1). A similar carbohydrate profile of ethanolic extract
from sunflower collets was reported by Baümler et al. [33]. Interestingly, in the current
study, melibiose was the compound having the second-highest TIC (9.93%) after sucrose
(Table 2). Although this saccharide is not typical for sunflower meal, its appearance in the
SEWS may be a result of the degradation of raffinose, stachyose, or verbascose during seed
processing [35]. Simple sugars and disaccharides are readily used as carbon and energy
sources for microbial growth [36–38]. While most wild-type microorganisms consume
glucose preferentially to other carbohydrates, the progress of DNA recombinant technology
allowed the development of strains capable of co-utilization of biomass-derived mixed
sugars [39,40]. Therefore, consisting of 62.14% carbohydrates (Table 1), the SWES might be
potentially useful as a carbon source for microbial growth in biotechnology.

Sugar alcohols are a group of polar compounds in the SEWS having relatively high
TICs (%) (Table 2). Among them, glucitol, glycerol, arabitol, and xylitol exhibited 5.34%,
4.77%, 4.11%, and 3.24% TIC, respectively (Table 2). Recently, sugar alcohols gained increas-
ing interest due to their suitability to replace sugar in antidiabetic treatment and healthy
lifestyle living [41]. They are constituents of sugar-free food products, including ice cream,
spreads, and bakery goods [42]. The polyols have relatively high sweetness compared
to sucrose but do not enhance plasma glucose due to specifics in their degradation and
subsequent assimilation [43]. They are also used as softeners and crystallization inhibitors
in the food industry [44] or valuable compounds in oral and dental care products [45].

Sunflower meal, obtained after solvent extraction, contains approximately 3% residual
oil [6]. The four-fold treatment of the sunflower meal, used in the current study, resulted
in the enhancement of the lipid content in SEWS to 7.73% (Table 1). It is most probably
due to the higher polarity of the ethanol compared to hexane, leading to higher extraction
efficiency [46]. Baümler et al. [33] and Rodriguez et al. [47] demonstrated the feasibility of
using ethanol as an alternative solvent to hexane in the oil extraction from sunflower collets,
regardless of the low selectivity of the reagent and the relatively high amount of non-lipid
compounds in the extracted material. Recently, there has been an escalating interest in
ethanol as a “green” extracting agent of vegetable oil due to its low toxicity and handling
risks [33,46,47]. GC-MS analyzes demonstrated a prevalence of linoleic (12.10% TIC) and
palmitic acids (6.18% TIC) followed by arachidic (4.86% TIC) and stearic (4.30% TIC) acids
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(Table 2). The four of them are typical constituents of sunflower oil [48]. While the latter
three are saturated fatty acids, the linoleic one, which has the highest TIC value in the group
of nonpolar compounds (Table 2), is unsaturated and considered beneficial for human
health and disease prevention [49]. In addition, unsaturated fatty acids, particularly the
linoleic one, were demonstrated to be valuable for technical purposes, such as corrosion
inhibition and treatment of cellulosic fabrics [50,51].

Table 2. Polar (A), nonpolar (B) and phenolic (C) compounds in sunflower meal ethanol-wash solute
identified by GC–MS analysis.

Compound RT RI TIC, %

A: Polar compounds

Amino acids
1 Alanine 4.69 1097 0.64
2 Valine 4.90 1208 0.78
3 Leucine 6.03 1266 1.16
4 Isoleucine 6.23 1285 1.40
5 Proline 6.30 1293 0.97
6 Glycine 6.35 1299 0.84
7 Serine 6.65 1351 0.39
8 Threonine 6.78 1376 0.70
9 Aspartic acid 8.19 1509 1.52
10 Methionine 8.27 1512 0.45
11 Glutamic acid 10.60 1608 1.43
12 Phenylalanine 10.68 1635 0.89
13 Asparagine 10.74 1659 0.26
14 Glutamine 1160 1765 1.30
15 Lysine 13.38 1911 0.75
16 Tyrosine 13.52 1930 0.21
17 Histidine 19.55 2145 0.39

Organic acids
18 Succinic acid 6.40 1305 1.12
19 Fumaric acid 6.61 1344 0.49
20 Malic acid 8.00 1477 0.86
21 Pyroglutamic acid 8.88 1518 4.31

Sugar acids and alcohols
22 Glycerol 5.95 1264 4.77
23 Glyceric acid 6.52 1341 3.01
24 Threitol 8.61 1488 1.35
25 Erythreol 9.03 1493 0.37
26 Threonic acid 10.55 1569 1.48
27 Xylitol 10.80 1690 3.24
28 Arabitol 10.89 1699 4.11
29 Ribonic acid 11.67 1822 2.17
30 Glucitol 14.92 1942 5.34
31 Dulcitol 15.15 1961 2.31
32 Gluconic acid 16.04 1996 0.86
33 Myo-inositol 16.64 2090 2.18
34 Galactinol 28.72 2951 1.80

Saccharides (mono-, di-)
35 Xylose 10.60 1661 1.05
36 Arabinose 10.68 1673 1.82
37 Fructose 12.03 1856 5.86
38 Galactose 14.57 1876 6.66
39 Glucose 14.62 1881 5.41
40 Sucrose 23.69 2620 14.01
41 Melibiose 25.36 2846 9.93
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Table 2. Cont.

Compound RT RI TIC, %

B: Nonpolar compounds

Fatty acids
1 Myristic acid 12.60 1837 0.84
2 Palmitoleic acid 15.34 1905 0.30
3 Palmitelaidic acid 15.44 1912 0.73
4 Palmitic acid 15.79 1926 6.18
5 Linoleic acid 18.63 2096 12.10
6 Oleic acid 18.71 2099 0.14
7 Linolenic acid 18.79 2102 1.72
8 Stearic acid 19.07 2247 4.30
9 Arachidic acid 20.65 2311 4.86

Alkenes
10 n-Eicosane 17.01 2000 0.42
11 n-Tricosane 20.31 2300 2.11

C: Phenolic compounds

1 Salicylic acid 8.60 1510 0.64
2 Cinnamic acid 8.91 1557 3.23

3
p-

Hydroxybenzoic
acid

10.46 1642 2.76

4 Vanillic acid 11.18 1775 0.63
5 Syringic acid 14.10 1884 1.85
6 Ferulic acid 16.01 2103 0.90
7 Caffeic acid 17.55 2140 0.81
8 Sinapic acid 19.21 2253 0.74
9 Chlorogenic acid 31.80 3111 85.41

RT: Retention Time. RI: Kovach Retention Index. TIC: Total Ion Current.

The SEWS contained protein but in a relatively low amount (1.99%, Table 1). Most
probably, they belonged to the group of prolamins that are ethanol-soluble. Compared
to albumins and globulins, the prolamins are in minor quantity in sunflower kernels [52].
The GC-MS analyses demonstrated the presence of both essential and non-essential amino
acids (Table 2). Of all essential amino acids, leucine and isoleucine had the highest
TICs— 1.16%, and 1.40%, respectively. Together with valine, they belong to the so-called
branched amino acids, which were found to have a beneficial effect against numerous
physiological disorders, such as liver cirrhosis, sepsis, trauma, or burn injury [53]. The
same author indicated their potential usefulness in wound healing, attenuation of fatigue,
and insulin production. Although not a major source of amino acids, the SEWS might
be used as a dietary supplement where enhanced amounts of the branched amino acids
are needed.

The SEWS contained a high amount of phenols (16.38%, Table 1). Chlorogenic acid
(85.41% TIC) was in the highest relevant amount, followed by cinnamic (3.23% TIC) and
p-hydroxybenzoic (2.76%) acids (Table 2). Syringic, ferulic, and caffeic acids were also
established (Table 2). Taha et al. [54] also demonstrated that sunflower meal is a suitable
source of phenols (with chlorogenic acid being in the highest amount). The highest yield
of the latter was obtained by using acetone, but 60% ethanol was recommended for the
extraction of chlorogenic acid if used in the food or pharmaceutical industries. A high
amount of phenols (13.38%) was established in the ethanol-wash solute prepared from
industrial rapeseed meal [16], although with a difference in the relative composition of
the phenolic acids compared to those in the SEWS. Laguna et al. [55] obtained single
phenolic compounds after enzymatic treatment of dry alcoholic extracts prepared from
rapeseed and sunflower meals. While not desired as a part of the protein isolates [56],
these phytochemicals are valuable for their antioxidant, antimicrobial, and anticarcinogenic
properties [54,57]. More specifically, chlorogenic acid was demonstrated to exert a beneficial
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effect on glucose and lipid metabolism [58] and promote wound healing by regulating the
activity of metalloproteinases [59].

Compared to the ethanol-wash solute, obtained from rapeseed meal [12], the SEWS
contained more than a 2.5-fold higher amount of total flavonoids (Table 1). The flavonoids
are plant secondary metabolites with powerful antioxidant activity having the capacity to
reduce the oxidation of biomolecules [1]. Therefore, flavonoid fractions or flavonoid-rich
products, such as SEWS, could be potentially used as additives in the food industry for
enhancement of food quality and shelf life or as a dietary supplementation contributing to
the overall improvement of the health status of humans.

The SEWS contained valuable microelements (Table 3). The contents of iron (259.02 mg/kg)
and copper (109.36 mg/kg) were the highest, followed by zinc and manganese with
22.11 mg/kg and 5.10 mg/kg, respectively. Minerals in optimal concentrations are needed
for humans and animals to maintain active physiological status. To provide adequate
amounts of microelements, the diets in intensive livestock breeding are supplemented
with synthetic premixes [60]. Microelement-rich plant-derived materials with natural
origin might be a good alternative to currently used mixtures of inorganic salts. This is
especially valid for organic agriculture where diet formulation is subjected to strict regula-
tions, which stimulate the inclusion of organically certified ingredients and additives [61].
Ligas et al. [62] reported that laying hens fed diets supplemented with bio-metallic mate-
rials produced eggs that had better organoleptic parameters than those laid by hens fed
with conventional premixes. The content of lead and cadmium in the SEWS was under the
detection level of the method used for analyzes (Table 3). The presence of heavy metals in
plants though is variable and highly dependent on soil contamination [63].

Table 3. Selected microelements and heavy metal contents of sunflower meal ethanol-wash solute.

Component Content, mg/kg

Copper (Cu) 109.36
Iron (Fe) 259.02

Manganese (Mn) 5.10
Selenium (Se) 0.10

Zinc (Zn) 22.11
Lead (Pb) <0.10

Cadmium (Cd) <0.01

Sunflower meal is one of the few feed ingredients considered a relatively good source
of Se [60]. The SEWS, prepared in the current study, contained 0.10 mg/kg Se (Table 3),
which contributed to the overall value of the product. Selenium (Se) is a trace element
needed for the proper conformation and functionality of more than 25 proteins [64]. Al-
though it is largely distributed in both animals and plants, Se deficiency is observed in
some countries which are mostly associated with the low level of this microelement in soil,
and as a consequence in food and feed [65].

3.2. Antioxidant Properties of SEWS

Multiple in vitro testing methods (DPPH, FRAP, and hydroxyl radical scavenging
activity assay) and solvents (water and 70% ethanol) were used to evaluate the antioxidant
potential of SEWS. Either in 70% ethanol or water, the SEWS was able to scavenge DPPH
radicals (Figure 1). Antiradical activity increased with the increase of concentrations,
reaching 52.3% for SEWS-W and 69% for SEWS-E at 0.05%. The antioxidant capacity of
the latter was not different (p > 0.05) from those of the BHT at the same concentration.
This finding indicates SEWS as a potential alternative to BHT which is currently used as a
synthetic antioxidant agent in the food industry [66]. Interestingly, no significant difference
in the antiradical potency of SEWS-E and SEWS-W was observed at concentrations lower
than 0.04% (Figure 1).
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Figure 1. Scavenging effect of sunflower meal ethanol-wash solute dissolved in water (SEWS-W)
and in ethanol (SEWS-E) on 2,2-diphenyl-1-picryl hydrazyl (DPPH) radical. a–g Means of one sample
with different concentrations without a common letter differ significantly (p < 0.05). A–C Means of
the three samples with one and the same concentration without a common letter differ significantly
(p < 0.05). Standard deviations (SD) of the means varied from 0.34 to 3.09.

No significant difference was established between the FRAP of SEWS-E and SEWS-W
as well (Figure 2). The FRAP method is based on the reduction of ferric-tripyridyltriazine
(Fe3+-TPTZ) complex. Pulido et al. [67] noticed that the reduction of Fe3+ by some phenolic
compounds such as caffeic acid, tannic acid, ferulic acid, and gallic acid did not stop in
the measurement time frame of the assay i.e., 10 min. Instead, it slowly continued over
time, resulting in a gradual increase of the absorption at 593 nm during 30 min. This might
lead potentially to underestimation and low discrimination of the SEWS ferric reducing
antioxidant power in water and ethanol, compared to the DPPH method. The presence of
bioactive compounds in low concentration and different solubility in water and ethanol
might be responsible for the different effects of the sample on FRAP and DPPH results for
concentrations higher than 0.04%. Still, the FRAP of the SEWS was approximately 3-fold
higher than that of the ethanol-wash solute obtained from industrial rapeseed meal [12].
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Figure 2. Ferric Reducing Antioxidant Power (FRAP) of sunflower meal ethanol-wash solute. a Means
do not differ significantly (p > 0.05).

The hydroxyl radical scavenging activity of SEWS-W was dose-dependent as the
maximum inhibition value (52.4%) was achieved at 0.1% (Figure 3). For all concentrations
studied, from 0.005% to 0.1%, the SEWS-W exhibited a higher inhibition capacity than
mannitol, which was used as a positive control. Water was used as the only solvent in these
experiments due to interference of the ethanol with the assay.
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Figure 3. Hydroxyl radical scavenging activity of sunflower meal ethanol-wash solute dissolved
in water. a–f Means of one sample with different concentrations without a common letter differ
significantly (p < 0.05). A,B Means of the two samples with the same concentration without a common
letter differ significantly (p < 0.05). Standard deviations (SD) of the means varied from 0.27 to 1.98.

The results obtained from the three types of assays demonstrated approximately
three-fold higher antioxidant capacity of the SEWS compared to the ethanol-wash solute
prepared similarly from rapeseed meal [12]. Cisneros-Yupanqui et al. [68] reported that the
addition of 15% SEWS to sunflower and soybean oils enhanced their oxidative stability
more than that achieved by the supplementation of the same amount of rapeseed meal
ethanol-wash solute. Moreover, in the same study for all tested oils (sunflower, soybean,
and rapeseed oils), the 5% SEWS exhibited antioxidant activity index values similar to
these of BHT, which imply a plausible replacement of the synthetic antioxidant with a
natural one. These observations might be due to the compositional differences in the
two products. The SEWS contained a higher amount of total phenols and approximately
three-fold higher total flavonoids than the rapeseed meal ethanol-wash solute [12]. Both
groups of plant secondary metabolites, phenols, and flavonoids, are potent antioxidants
being able to prevent biomolecules including fats, proteins, and DNA from damaging [1].
Another difference that should be noted is in the relative content of phenolic acids and
their major constituents, namely chlorogenic and sinapic acid being either present or not
in the products. Differences in the phenolic profile of SEWS and rapeseed meal ethanol
wash-solute were previously identified by HPLC analyzes as well [69].

Although phenols and flavonoids are the antioxidant compounds in the highest
amounts in the SEWS, there might be other molecules in the mixture such as trace elements
and proteins that might contribute to the overall antioxidant capacity. The cytosolic
defensive ability of copper, zinc, and selenium against reactive oxygen and nitrogen species
is well documented [69–71]. Proteins and especially peptides, a product of the hydrolytic
cleavage of the proteins, are considered to have high potential as food antioxidants. These
molecules inhibit lipid oxidation by neutralization of free radicals, reactive oxygen species,
or chelation of pro-oxidative transition metals [72].

The antioxidant properties of the SEWS were analyzed by using three methods dif-
fering by their principles to better evaluate the potential applicability of the product. The
experiments were conducted in water and ethanol with a clear understanding of the in-
fluence of the solvent on the antioxidant capacity of the sample [73,74] and plausible
underestimation of the evaluated features. It is highly possible to obtain higher antioxidant
activities in other solvents. However, water and ethanol are largely used in the food and
nutraceutical industries, and obtained knowledge could be easily transferred to new tech-
nologies. In addition, ethanol is generally recognized as safe (GRAS) [75] and is recently
reconsidered as a useful extracting agent in “green” technologies [33,46,47]. Due to the
complexity of the SEWS composition, in vivo model systems could be used to complement



Appl. Sci. 2021, 11, 11007 11 of 16

the acquired knowledge and more completely characterize the antioxidant properties of
the product [76,77].

3.3. Antimicrobial Activity of SEWS

The SEWS exhibited limited antimicrobial activity (Table 4). Curtobacterium flaccumfa-
ciens PM-YT growth was inhibited the most as the first inhibition zone was observed at
0.313 mg/mL SWES (Table 5). The product was either weakly active or inactive against the
remaining Gram (+) and Gram (−) bacteria. Among screened fungi, the highest inhibition
was achieved against Fusarium moniliforme ATCC 38932 with MIC of 0.625 mg/mL (Table 5).
F. moniliforme and C. flaccumfaciens are plant pathogens causing significant economic losses.
Regardless of the numerous antimicrobial agents available in the market, the propagation
of these microorganisms is difficult to control, especially in organic agriculture where
utilization of synthetic pesticides is not acceptable [78]. For comparison, the ethanol-wash
solute obtained from rapeseed meal exhibited antifungal activity against all tested fungi
including Aspergillus niger ATCC 1015, Aspergillus flavus, Penicillium sp., Rhizopus sp., and
Fusarium moniliforme ATCC 38932 with MIC of 0.313 mg/mL [12]. The authors attributed
this effect to glucosinolates in the rapeseed meal ethanol-wash solute which, however, were
not present in the SEWS (Tables 1 and 2).

Table 4. Screening of sunflower meal ethanol-wash solute for antimicrobial activity against selected microorganisms.

Test Microorganism

Zone of Inhibition, mm

SEWS Concentration, mg/mL

5.0 2.5 1.25 0.625 0.313 0.156

Gram (+) bacteria

Bacillus subtilis ATCC 6633 0 0 0 0 0 0
Bacillus cereus 0 0 0 0 0 0

Bacillus amyloliquefaciens 4BCL-YT 8 0 0 0 0 0
Staphylococcus aureus ATCC 25923 0 0 0 0 0 0
Listeria monocytogenes ATCC 8632 0 0 0 0 0 0

Enterococcus faecalis 0 0 0 0 0 0
Micrococcus luteus 2YC-YT 8 0 0 0 0 0

Curtobacterium flaccumfaciens PM-YT 12 12 10 10 8 0

Gram (−) bacteria

Salmonella enteritidis 0 0 0 0 0 0
Escherichia coli ATCC 8739 9 8 0 0 0 0
Proteus vulgaris ATCC 6380 0 0 0 0 0 0

Pseudomonas aeruginosa ATCC 9027 8 8 0 0 0 0

Fungi

Candida albicans NBIMCC 74 0 0 0 0 0 0
Saccharomyces cerevisiae 0 0 0 0 0 0

Aspergillus niger ATCC 1015 10 8 0 0 0 0
Aspergillus flavus 8 0 0 0 0 0

Fusarium moniliforme ATCC 38932 12 10 8 8 0 0

Owing to the high amount of phenols in the SEWS, the low antimicrobial activity
was unexpected. It might be due to the composite nature of the material. Multiple
constituents of the SEWS might interact with each other, forming complexes with structures
and properties differing from single compounds. The antimicrobial activity of the sunflower
was mainly attributed to chlorogenic acid, the biological activity of which as a single
compound was found higher [79] than in a mixture [80]. Besides, a potential formation
of compounds with higher molecular weights might slow the diffusion of the active
compounds and decrease their solubility in solid media, thus affecting the size of the
zones and, as a whole, the interpretation of results [81]. Although the agar-well diffusion
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method is widely used to screen plant extracts for antimicrobial activity [82], more studies
should be conducted to avoid inaccurate conclusions on SEWS antimicrobial properties.
Current findings imply a potential significance of the SEWS as an antimicrobial agent
which, however, should be further investigated by using other methods and approaches.

Table 5. Minimum inhibitory concentration (MIC) of sunflower meal ethanol-wash solute against the test microorganisms.

Test Microorganism Minimum Inhibitory Concentration, mg/mL

Gram (+) bacteria

Bacillus subtilis ATCC 6633 N
Bacillus cereus N

Bacillus amyloliquefaciens 4BCL-YT 5.0
Staphylococcus aureus ATCC 25923 N
Listeria monocytogenes ATCC 8632 N

Enterococcus faecalis N
Micrococcus luteus 2YC-YT 5.0

Curtobacterium flaccumfaciens PM-YT 0.313

Gram (−) bacteria

Salmonella enteritidis N
Escherichia coli ATCC 8739 2.5
Proteus vulgaris ATCC 6380 N

Pseudomonas aeruginosa ATCC 9027 2.5

Fungi

Candida albicans NBIMCC 74 N
Saccharomyces cerevisiae N

Aspergillus niger ATCC 1015 2.5
Aspergillus flavus 5.0

Fusarium moniliforme ATCC 38932 0.625

N, no zone of inhibition was found.

4. Conclusions

SEWS is a novel product composed mainly of carbohydrates and lipids. It also contains
biologically active compounds, phenols, and flavonoids, in relatively high amounts, which
attribute to the antioxidant and antimicrobial capacity of the SEWS. Initially obtained
as a waste of the protein isolate preparation from the sunflower meal, the functional
properties of the SEWS turn it into a useful material with versatile application in the food
or nutraceutical industries. The antioxidant activity of SEWS in water evaluated by the
DPPH method was not different from that of the sample in ethanol up to 0.04%. This is
important for the potential application of the SEWS in the food industry where water is the
main solvent used. The SEWS demonstrated moderate inhibiting properties against Gram
(+) Curtobacterium flaccumfaciens PM-YT and Fusarium moniliforme ATCC 38932, which are
economically significant plant pathogens. Further modification steps toward enhancement
of the SEWS antimicrobial activity could allow the use of the product as an antimicrobial
agent. Being a step from a scheme for a complete valorization of the sunflower meal, the
SEWS preparation and characteristic profile demonstrated the feasibility of adding value
to byproducts generated by the food industry. It corresponds to the enhanced customers’
demand for natural product use and the worldwide need for gentle care to the environment.
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