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Abstract: Sunflower meal ethanol-wash solute (SEWS) is one of the products obtained from a 

procedure for the complete valorization of industrial sunflower meal. The meal was subjected to a 4-

step treatment with aqueous ethanol solution (75%) followed by vacuum concentration and 

lyophilization of spent ethanol wash liquids to generate powdery SEWS. The purpose of this study was 

to evaluate surface tension and dissolution of SEWS in water in response to two variables, concentration 

(0.1%, 0.3%, 0.5%) and temperature (20°C, 30°C, 40°C, 50°C). The rate constants of 0.1% and 0.3% 

SEWS dissolution increased in response to temperature elevations up to 40°C. For both concentrations, 

the dissolution at 50°C was slowed down, which resulted in deviations of the Arrhenius plot from 

linearity. No linear fit between rate constants and temperature increase for 0.5% SEWS was established. 

The addition of SEWS decreased the surface tension of pure water at all three concentrations. The most 

profound effect was observed at 50°C where water's surface tension (67.14 mN/m) was reduced 1.81-

fold (37.35 mN/m) after adding 0.5% SEWS. Acquired characteristics are a valuable part of the SEWS's 

applicable profile needed for the potential use of the product in the food, nutraceutical, or agricultural 

industries.  
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1. Introduction 

Sunflower is an economically important oil-bearing crop. It is valued for its vegetable 

oil, produced along with substantial amounts of sunflower meal as a by-product [1]. Following 

soybean and rapeseed meals, the sunflower one is the third the most marketed oilseed meal 

worldwide. Most of it is used as a high-protein ingredient in feed formulation. However, the 

inclusion of the sunflower meal in animal diets is limited because of the high content of poorly 

digestible fibers, which may influence animal growth performance [2, 3]. According to 

Carellos et al. [4] and Tavernari et al. [5], the sunflower meal in feed, intended for chickens 

and pigs, should not exceed 16% and 20%, respectively. As a result, large quantities of the 

meal may remain unused and turn from a by-product to a waste. The more extended storage or 

disposal of the sunflower meal entails additional financial costs and inefficient utilization of 

primary source material. 
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Alternatively, the sunflower meal could be used to produce functional ingredients for 

the food industry [6, 7]. While most studies focused on generating protein isolates and 

concentrates [8-10], complete valorization of the meal via transformation into multiple value-

added products has been suggested as an economically more feasible approach [11]. Major 

challenges in preparing sunflower meal-derived ingredients for food or nutraceutical industries 

are related to alteration of biochemical and techno-functional characteristics of bio-

macromolecules during seed pretreatments and processing that involve high temperature and 

chemical reagents. This might explain the limited numbers of research with industrial 

sunflower meal published compared to those obtained under laboratory conditions. However, 

although challenging, studies on sunflower meal valorization, obtained under industrial 

conditions, are of a greater practical application and importance. 

Sunflower meal ethanol wash solute (SEWS) was obtained as a product from an integral 

scheme for the complete valorization of industrial sunflower meal. Preliminary biochemical 

evaluation of the powdery preparation revealed that it consisted of carbohydrates, lipids, and 

proteins. The presence of phenols and flavonoids was established, which implied potential 

bioactivities such as antioxidant and antimicrobial ones. To reveal the complete functional 

capacity of the product, more and detailed characterization is needed. One of the key features 

determining a new product's potential practical application is solubility in water, which is the 

most common solvent used in human industrial life. The purpose of this study was to evaluate 

surface tension and dissolution of SEWS in water in response to two variables, concentration 

(0.1%, 0.3%, 0.5%) and temperature (20°C, 30°C, 40°C, 50°C). Rate constants and activation 

energy, describing the dissolution of SEWS in water under different conditions, were 

established as well.  

2. Materials and Methods 

2.1. Materials. 

Sunflower meal was obtained from a local company. It was ground and sifted (≤ 0.315 

mm) to collect uniform particles. All reagents used were of analytical grade.   

2.2. Preparation of sunflower meal ethanol-wash solute (SEWS). 

 Preparation of the SEWS is outlined in Figure 1. Sunflower meal was mixed with 

aqueous ethanol solution (75%) in a ration 1:4 and constantly agitated at a room temperature 

for 30 min. The suspension was vacuum-filtered, and the residue was treated 3 more times in 

the same manner. Sequential filtrate aliquots 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, Germany) to prepare SEWS in 

a powder form. 

2.3. Evaluation of SEWS dissolution in water. 

 Dissolution of SEWS in water in response to two variables, temperature (20°C, 30°C, 

40°C, and 50°C) and concentration (0.1%, 0.3%, and 0.5%), was evaluated by conductivity as 

described by Xu and Shen [12] with some modifications. Powdery SEWS samples were 

weighted and added to 50 ml distilled water tempered to 30°C, 40°C, or 50°C to achieve the 
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desired concentration. The conductivity measurement (Bante510, Bante Instruments, 

Woodbury, CT) was started immediately after the samples' addition.  

 

Figure 1. Preparation of sunflower ethanol-wash solute (SEWS) from industrial sunflower meal. 

The evaluation was performed under constant agitation (400 rpm) and temperature, 

maintained by an electromagnetic stirrer (MS-H280-Pro, Dragon Laboratory Instruments, 

Beijing, China). The maximum deviation in temperature was ± 0.5°C. Data were recorded 

manually in a 2-second period until reaching stable observations.  

The rate constant, k (1/s), and activation energy, Ea (kJ/mol), were determined to 

characterize the process better. The rate constants were established by following Guggenheim's 

method [13]. The method is based on recording a set of data at chosen times and a time shift 

that remains constant. The following kinetic equation (1) for the conductance dependence was 

used: 

ln (µt+t' - µt) = A – kt           (1) 

where µ (µS/cm) were the experimental conductivity measures recorded at time t (s) and t' (s) 

is the time shift chosen. A time shift of 10 s was used in the current study. The rate constants 

were obtained as slopes of fitted plots of the function (2): 

ln (µt+t' - µt) = ƒ (t)           (2) 

Sunflower meal, grinded and sifted 

Wash with 75% ethanol aqueous solution:  

 

Meal to solvent ration 1:4 

Room temperature 

Constant agitation for 30 min 

 

Vacuum filtration 

Residue 

Wash with 75% ethanol aqueous solution 3 

more times under the same conditions 

Ethanol-treated sunflower meal 

Ethanol-wash aliquot I 

Collect, combine, vacuum-
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wash solute (SEWS) 

Vacuum filtration Ethanol-wash aliquot II, III and IV 

https://doi.org/10.33263/BRIAC114.1128411292
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC114.1128411292  

 https://biointerfaceresearch.com/ 11287 

For calculation of activation energy, Arrhenius equation (3) was used: 

𝑙𝑛𝑘 =
−𝐸𝑎

𝑅
.

1

𝑇
+ 𝑙𝑛𝐴           (3) 

where R is the gas constant, 8.314 J/(mol.K), and T is temperature (K). 

The logarithm of the rate constant was plotted versus inverse temperature, 1/T, and the 

slope of the linear plot was used to calculate Ea by the equation (4): 

𝑠𝑙𝑜𝑝𝑒 =  
−𝐸𝑎

𝑅
            (4) 

2.4. Evaluation of surface tension. 

Surface tension was evaluated by using the maximum bubble pressure method, as 

previously described [14]. Rebinder apparatus was used for the implementation of the 

experiments. Thermostatted water was pumped continuously to maintain the desired 

temperature. Surface tension was calculated by equation (5): 

γ = (rg/2)(ΔHρo – rρ)           (5) 

where r is the radius of the capillary, m; g = 9.8 m/s – the acceleration of gravity; ΔH – the 

maximum difference in the two gauges of the gauge, m; ρo, ρ – the density of the manometric 

(water) and test liquid, kg/m3. 

2.5. Statistical analyses.  

Experiments were performed in triplicates. Results were presented as means ± standard 

deviation (SD). Differences were considered significant at α = 0.05. 

3. Results and Discussion 

3.1. Preparation of sunflower meal ethanol-wash solute (SEWS). 

 After oil extraction, the sunflower meal produced contains a relatively high amount of 

proteins, which may vary from 30% to 50% (dry matter basis) depending on plant variety, 

climate conditions, and soil characteristics [15, 16]. In addition to being used as a feed 

ingredient, the sunflower meal is considered a valuable source for the preparation of protein 

isolates or concentrates for human nutrition [8-10]. However, sunflower meal contains a 

substantial amount of phenols, with chlorogenic acid being the predominant one. In the typical 

procedure for protein isolate preparation, the phenols solubilize with proteins. They remain as 

concomitant compounds in the final product. While valued for their antioxidant and 

antibacterial properties, phenols are responsible for forming unsuitable brawn-greenish color 

and off-flavors of protein isolates. Therefore, their presence in the sunflower meal is undesired 

[17]. In our laboratory, a 4-step treatment of the sunflower meal with 75% aqueous ethanol 

solution is routinely used to prepare a meal with a reduced phenols level. By following the 

same procedure, Kalaydzhiev et al. [18] achieved a 4-fold decrease in industrial rapeseed meal 

phenol content. Similar results were obtained by Chabanon et al. [19] and Ivanova et al. [20]. 

Since the procedure was designated for higher-quality protein isolates, ethanol-wash liquids 

remained a waste. However, after collecting, concentrating, and freeze-drying, the spent 
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ethanol-wash liquids turned into a new powdery product, named SEWS. Preliminary analyses 

revealed that it consisted mainly of carbohydrates (approximately 55%), followed by lipids and 

proteins. The product contained less than 10% phenols and flavonoids, which implied potential 

antioxidant and antimicrobial activities. Therefore, the SEWS might be useful as an 

ingredient/additive in the food, nutraceutical, or agricultural industries, which could be 

determined after detailed evaluation and characterization. Sufficient solubility of plant-derived 

bioactive compounds in the water is essential for achieving optimal expression of their 

properties and efficiency in a wide range of potential applications [21].  

3.2. Dissolution of SEWS in water. 

 Multiple factors influence solid dissolution patterns in a solvent as temperature and 

concentration are among the most important ones [22]. The concentration's influence was 

evaluated at three levels, namely, 0.1%, 0.3%, and 0.5%, related to the potential application of 

the SEWS as an additive in the food industry [23]. Food additives do not have nutritive value 

but are supplemented in small amounts, affect a product's techno-functional characteristics 

[24]. Allowable doses are highly variable and dependent on the additive nature and related risk 

assessment [25]. Water was the most commonly used solvent in industrial processes [26].  

 
(a) 

 
(b) 

 

(c) 

Figure 2. Dissolution of 0.1% (a), 0.3% (b) and 0.5% (c) sunflower meal ethanol-wash solute (SEWS) in water 

at different temperatures, 20°C, 30°C, 40°C and 50°C. Data are mean values of three experiments ± standard 

deviation, which did not exceed 20. 

The SEWS dissolution behavior in water was evaluated by conductivity measures 

(Figure 2). The method is suitable for use in the pharmaceutical and food industries. The 
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dissolution of materials with a composite nature is characterized by undefined intermediate 

concentrations [27, 28]. The dissolution of the SEWS in water was influenced by both 

temperature and concentrations. For all three concentrations, maximum conductivity was 

achieved at 50°C (Figure 2). The SEWS's dissolution in water was highly responsive to 

temperature increases, as evidenced by high-rate constants (Table 1). The rate constants of 

0.1% SEWS followed the increase of the temperature proportionally up to 40°C as the trend 

was characterized by high linearity (R2=0.99) (Figure 3). 

Table 1. Kinetic parameters of sunflower meal ethanol-wash solute (SEWS) dissolution in water. 

SEWS 

concentration 

(%) 

Rate constant, k (1/s) Activation 

energy, Ea 

(kJ/mol) 20°C 30°C 40°C 50°C 

0.1 0.202 0.448 0.896 0.919 56.81* 

0.3 0.271 0.311 0.390 0.388 13.83* 

0.5 0.284 0.304 0.293 0.230 ND 

*Calculated from linear Arrhenius plot from 20°C to 40°C 

ND: not determined 

 
Figure 3. Plot of the natural log of the rate constant of 0.1%, 0.2%, and 0.3% SEWS dissolution in water versus 

inverse temperature (K). 

A linear response of the rate constants of 0.3% SEWS to increasing temperatures up to 

40°C was observed as well. However, this concentration's dissolution was affected by the 

temperature at a lower extend compared to 0.1% SEWS (Table 1). Consequently, the steeper 

slope of 0.1% SEWS determined the higher activation energy (56.81 kJ/mol, Table 1) 

compared to the one of 0.3% SEWS (13.83 kJ/mol, Table 1). For both concentrations, the 

dissolution at 50°C was slowed down, which resulted in deviations of the Arrhenius plot from 

linearity at this temperature (Figure 3). No linear fit between rate constants and temperature 

increase for 0.5% SEWS was established. Instead, the dissolution process of that sample at 

different temperatures was outlined by a curvature (Figure 3). Similar deviations from 

Arrhenius plots have previously been reported and explained by the increase of sample 

viscosity [29]. While for pure inorganic chemical compounds, the increase in temperature 

decreases the viscosity of solutions. The temperature enhancement may increase the viscosity 

of composite materials consisting of various bio-macromolecules. It is probably due to 

conformational changes occurring with macromolecules such as carbohydrates, lipids, and 

proteins. This might explain the relatively lower rate constants of dissolution of the 0.5% 

SEWS compared to 0.1% and 0.3% SWES at all temperatures (Table 1) and the deviations of 

the latter two concentrations from the linearity of the Arrhenius plots at 50°C.  
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3.3. Influence of SEWS concentration and temperature on surface tension. 

 Surface tension is an important characteristic which would affect the applicability range 

of SEWS. It is valuable information concerning the formulation, fabrication process, or final 

product quality where the SEWS would be added as a supplement [30]. The surface tension of 

water was reduced by all three SEWS concentration levels studied (Figure 4). A higher 

decrease of surface tension was achieved by 0.5% SEWS compared to 0.1% and 0.3% 

 
Figure 4. Influence of SEWS concentrations and temperature on surface tension γ (mN/m). 

SEWS as no significant differences between the latter two were observed (p < 0.05). 

The influence of the concentrations on the surface tension was more profound at the highest 

temperature studied. The addition of 0.5% SEWS to water resulted in a 1.81-fold decrease of 

surface tension at 50°C compared to a 1.53-fold decrease at 20°C. Data demonstrated that 

SEWS exhibited surface activity as the exact mechanism is still unknown. A straightforward 

explanation for the observed phenomenon is difficult to achieve because of the high complexity 

of the SEWS composition. The product consists of various biomolecules with different 

structures and molecular weights, including carbohydrates, lipids, and proteins. Some 

molecules probably have both polar or hydrophilic and nonpolar or lipophilic groups 

concentrating at the water-air interface. Formation of micelle-like structures is not excluded, 

especially at the highest SEWS concentration (0.5%) studied. Finally, some intermolecular 

interactions might occur, leading to reduced surface tension [31].   

 Surface-active compounds are widely used in the food industry. Although 

supplemented in small amounts, they influence colloid systems' stability, organoleptic 

properties of final products, moisture retention, and product shelf life [32]. There is increasing 

interest in the replacement of synthetic surfactants with natural compounds having similar 

properties in recent years. It is defined by customers’ enhancing demand for healthier and safer 

food, careful utilization of natural resources, and stimulation of the local economy where 

possible [33]. Surface active properties combined with bioactive capacity (data not shown) 

defined the SEWS as a value-added product from the vegetable oil-producing industry with 

potential application in food, nutraceutical, or agricultural industries.  

4. Conclusions 

 SEWS is a new product obtained as a part of an integral scheme for the complete 

valorization of industrial sunflower meal. The product was highly soluble in water as the 
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dissolution rate was dependent on both concentration and temperature. The dissolution of the 

highest concentrations studied (0.5%) deviated from the Arrhenius plot's linearity, which was 

most probably due to enhanced viscosity and conformational alterations of bio-

macromolecules composing the SEWS. The product demonstrated surface-active properties, 

which define its potential as an additive in various industrial applications.  
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