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Classical methods of the extraction of active ingredients 
from the plant material are expensive, complicated and 
often environmentally unfriendly. The micelle-mediated 
extraction method (MME) seems to be a good alterna-
tive. In this work, extractions of elderberry blossoms 
(Flos Sambuci) were performed using MME methods. Sev-
eral popular surfactants and whey protein concentrate 
(WPC) was applied in the process. The obtained results 
were compared with those obtained in extraction by 
means of water. Antioxidant properties of the extracts 
were analyzed by using two different methods: reac-
tion with di(phenyl)-(2,4,6-trinitrophenyl)iminoazanium 
(DPPH) reagent and Follin’s method. Furthermore, the 
flavonoid content in the extracts was determined. The 
results confirmed that the MME method with using whey 
protein might be an alternative method for obtaining, 
rich in natural antioxidants, plant extracts.  
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INTRODUCTION

For years, the food, cosmetic and pharmaceutical in-
dustries use surface-active compounds for the creation 
and consolidation various forms of the products, i.e. 
emulsions, gels, foams. A relatively new application of 
surfactants is their use for the preparation of intermedi-
ates, containing the plant origin active ingredients with a 
high concentration.  

Micelar mediated extraction (MME) is the alternative 
method to the classic extractions. In this method, in-
stead of an organic solvent, high-performance, but often 
harmful, an aqueous surfactant solution is used, which 
in the hydrophobic micelles solubilizes desired ingredient 
(Paul & Moulik, 2001). MME is often used for the en-
richment of analytes in an environmental studies, for the 
determination of trace amounts of heavy metals or tox-
ins in biological samples (Madej, 2009;  Kiathevest et al., 
2009). MME in comparison with the liquid-liquid or sol-
id-liquid extraction methods does not require the use of 
toxic organic solvents (Szymanowski, 2000). Moreover, 
MME could be successfully applied to obtain biological-
ly active substances, such as vancomycin, vitamins A, E, 
K, B1, paracetamol, flurbiprofen and salicylic acid, from 
the plant material  (Madej, 2009; Tomaszkiewicz-Potępa 
et al., 2010).    

Quality of this method makes, that the extracted sub-
stances can be safely used in foods, pharmaceuticals or 
cosmetics. Due to the low values of critical micelle con-

centration (CMC), the neutral surfactants (nonionic and 
anionic/cationic systems) are used in very small quan-
tities, which is an additional advantage of this method 
(Quina & Hinze, 1999). Nonionic surfactants exhibit 
the best solubilizing properties. Among factors, which 
affect the dissolving capacity of the surfactants solution 
there are the structure and type of surfactant, the pres-
ence of electrolytes, presence of other organic materials 
(polymers and monomers) and the temperature (Quina 
& Hinze, 1999).

Milk whey, which is a waste in the dairy industry from 
years, nowadays more and more often is considered as 
the valuable raw material for the further processing, for 
example as a cosmetic raw material. Especially since the 
high quality of products, requirement for natural beauty 
treatments, searching for alternative sources of raw ma-
terials or new ways of using known ones are main trends 
observed in the cosmetic industry. Whey is the exam-
ple of such a raw material, which shows both function-
al properties and the biological activity. Milk whey is a 
natural source of valuable cosmetic actives, contains the 
lactose, proteins, fats, lactic acid, B group vitamins and 
minerals. Moreover the whey proteins, due to their am-
phiphilic nature, exhibit surface-active properties (Audic 
et al., 2005; Wakabayashi et al., 2006; R. Lutz et al., 2009; 
Sikora et al., 2010; Sikora et al., 2011; G. Herbert, CA 
2101622; Patent US 006203805B1).  

Elder flower (Sambucus nigra L.) is a wild plant found 
in various regions of the world. This plant contain di- 
and triterpene glycosides as well as phenolic compounds 
such as flavonoids, tannins and coumarins. The extracts 
obtained from the blossoms are rich in rutin and tannins 
(Stoilova et al., 2007), contain about 1.8% (rutin, isoquer-
cetin, quercetin glycosides) and phenolic acids. Addition-
ally, it includes the 0.03–0.14% essential oils, and about 
0.85% triterpene acids (ursolic acid, oleanolic and 20-β 
-hydroxy-ursolic acid) (Domokos et al., 2001). The total 
phenolic content determined by using Folin-Ciocalteu re-
agent was 194 mg/g of dry extract per gallic acid (Kim  
et al., 2003). Analysis of elder flowers revealed the pres-
ence of 16 amino acids, of which 9 are most important 
for our body, including valine, threonine, methionine, 
isoleucine, leucine, lysine, histidine, phenylalanine. The 
total amino acid content in the flowers is 8.96% (Kis-
lichenko & Vel’ma, 2006). The pharmacological assess-
ment of the diuretic action of Elder flower confirms its 
traditional application in folk medicine — extracts ob-
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tained from the blossoms increased urine volume and 
urinary electrolytes’ levels in tests with rats (Beaux et al., 
1999).

The aim of this work was the study of the possibility 
of WPC application as an extraction agent in extractions 
of elderberry blossoms (Flos Sambuci). The micelle-medi-
ated method, using several popular surfactants and WPC, 
was applied as the extraction method. Antioxidant prop-
erties of the extracts were analyzed. The results were 
compared with those obtained for water extract. 

MATERIALS AND METHODS

Chemicals. Aluminium chloride, sodium hydroxide, 
sodium nitrite, quercetine were obtained from POCh 
(Gliwice Poland). The Folin-Ciocalteau’s reagent and 
DPPH were supplied by Sigma Aldrich Sp. z o. o. (Po-
land). Among the used surfactants there were: Rokanol 
B2 (Alkoxylated (EO/PO) natural alcohol C16-C18) 
from PCC Rokita (Poland), Triton X-100 (INCI: Octyl-
phenol Ethoxylate) from DOW Chemicals Co. (DOW 
Polska Sp. z o.o., Poland), Tego Care CG 90 (INCI: 
Cetearyl Glucoside) from Evonik Industries (Germany) 
and Crodesta  F160 (INCI: Sucrose Stearate) from Cro-
da Personal Care (Croda Poland Sp. z o.o., Poland). The 
80% WPC was purchased from Bartex Sp. z o.o (Pasłęk, 
Poland). All the reagents used were of analytical grades.

Extraction procedure. Aqueous extract.  Dried el-
derberry blossoms (3 g) were exhaustively extracted with 
200 cm3 of distilled water. The extraction was carried out 
at room temperature, for 30 min.

Micelle-mediated extraction. Dried elderberry blos-
soms (3 g) were exhaustively extracted with 200 cm3 of 
aqueous surfactant solution (1%) or solution of WPC 
(1%, 0.5%, 0.25%, 0.025%, 0.0065%) CG 90. Four non-
ionic surfactants were used: Tego Care CG90 (HLB=11), 
Sucrose Stearate (HLB=16), Triton X-100 (HLB=13.5), 
Rokanol B2 (HLB=6.7). Proteins solutions were pre-
pared by WPC dissolving in an appropriate amount of 
distilled water, next it was mixed by means of magnet-
ic stirrer until completely dissolved and left to proteins 
swell for 1 h. In all the cases, 0.1 g of sodium benzoate 
and 0.5g of citric acid were added to the eluent solution. 
The extraction was carried out in an ultrasonic bath, at 
room temperature, for 30 min. 
In-vitro Antioxidant assay. Flavonoids content were 

determined using their ability to complex with alumini-
um chloride according to the method specified by (Hus-
sain et al., 2012). The following procedure was applied: 1 
cm3 of the extract was dissolved in 1.1 cm3 of distilled 
water. Next a 0.3 cm3 of NaNO2 solution (5%) was add-
ed and left for 5 minutes. Then, 0.6 cm3 of AlCl3 solu-
tion (10%) and after 6 min, 2 cm3 of 1 M NaOH were 
respectively added. The mixture was diluted with 0.275 
cm3 of distilled water and the absorbance of the sample 
was measured immediately, at λ = 510 nm. The spec-
tra was recorded with Macherey Nagel Nanocolor UV/
Vis spectrophotometer. A standard curve was plotted for 
quercetin and the result were given by quercetin equiva-
lent, ((QE) g /dm3) (Fig. 1). Because of the presence of 
surfactants, the obtained results were not counted to the 
dry weight of the extract.  

Determination of polyphenols in the extracts was 
performed with the Folin-Ciocalteau (FC) method de-
scribed in Grajka’s research paper (Grajka, 2000; Cybul 
and Nowak, 2008). Definite volume (1 cm3) of tested ex-
tract was transferred to 10 cm3 volumetric flask. Next, 5 
cm3 of the FC reagent was added and   held for 4 minutes. 

After that, 4 cm3 of 7.5% sodium carbonate solution was 
added. The blank sample was also prepared. The test 
flask were placed in the dark and left for 2 hours. After 
this time, the absorbance was measured, at a wavelength 
λ = 765 nm. The results were calculated on the content 
of gallic acid, using the calibration curve (Fig. 2).

The DPPH scavenging potential was estimated as 
previously described (Shabir et al., 2011) with slight mod-
ifications. Definite volume (2 cm3) of DPPH methanol 
solution (0.05%) was added to a 4 cm3 of each extract 
solution with 4 cm3 of distilled water and left to react 
at room temperature, in the dark, for 30 min. The ab-
sorbance of the obtained mixtures was measured at λ = 
517 nm.

RESULTS AND DISCUSSION

Table 1 shows the results of the determination of 
antioxidant properties of extracts obtained by MME 
method and for the aqueous extract. All of the results 
are the average value of three measurements. From the 
data presented in the table 1, it could be seen that all 
applied surfactants have similar, and higher than water, 
strength of the flavonoid compounds elution (similar 
QE value were obtained). It should be underline that 
the MME extracts contain ten times more flavonoids 
than the aqueous extract. In case of extracts obtained by 
whey protein application, as the precursor of micelle, the 
comparable results were received.  Flavonoids content in 
WPC extracts slightly grows with the increase of its con-
centration. On the other hand, the type of the surfactant 
used in MME, has a strong influence on the content of 

Figure 1.  The standard curve for the concentration of querce-
tine. 

Figure 2.  The standard curve for the concentration of gallic 
acid. 
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polyphenolic compounds in the final extracts. In general, 
the smallest contents of the polyphenols were obtained 
using Tego Care CG 90 and less than 1% WPC solu-
tions. Application of polyethoxylated surfactants, such as 
Rokanol B2 and Triton X-100 or the derivative of su-
crose have resulted in the extraction of a greater amount 
of polyphenols, mainly non-flavonoid-type. 

Concerning the antioxidant properties of the extracts, 
expressed as the degree of inhibition of DPPH oxida-
tion, the best results were obtained for the samples ex-
tracted by whey proteins solutions (0.125–0.5%). Con-
trary, in case of the extract obtained by using 1% WPC 
solution, as well as for Tego Care CG 90 and Crodesta 
F160 extracts, the low value of degree of DPPH oxida-
tion inhibition were observed. However, these samples 
were characterized by the high concentration of flavo-
noids and other polyphenols. These findings can be ex-
plained by the closing of these antioxidant substances in 
micelles. A similar effect was observed by Guo (Guo et 
al., 2007). 

Figure 3 shows that the polyphenols content approxi-
mately correlate with the flavonoid content. Probably 

depending on the surfactant used, the extracts contain 
other types of phenolic compounds not only flavo-
noids. Unfortunately, no straight correlation was found 
between the composition of extracts and their free radi-
cal scavenging activity, determined by DPPH method. 
It is known (Kaack et al., 2006; Christensen et al., 2008; 
Kaack et al., 2009), that the elder flowers  contain apart 
from flavonoids and poliphenolic compounds, also un-
saturated alcohols, aldehydes, acids, terpenes. These in-
gredients have influence on antioxidant activity of the 
extracts. There is a general trend, that the raw materials, 
which contain monoterpene hydrocarbons, oxygenated 
monoterpenes and sesquiterpenes show high antioxidant 
activity.  Additionally, the terpenes have a synergistic ef-
fect with other antioxidants (Kelen et al., 2008).

CONCLUSION

The contents of total flavonoids and polyphenols in 
the MME-extracts were higher than in the case of water 
extract. The obtained results proved that whey proteins 
could be the effective agents for MME extraction like a 
typical surfactants and that the MME method with WPC, 
as the source of micelles, might be an alternative and a 
convenient method for the preparation of rich in nat-
ural antioxidants plant extracts. Moreover, the obtained 
extracts do not contain organic solvents and can be di-
rectly used in cosmetic compositions, also as a source of 
whey proteins. 
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