
Research Article Natural Medicinal Materials 5

Natural deep eutectic solvent as tool for improving
Rosa canina L. polyphenol recovery in maceration
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Rosa canina L. extracts were prepared using water or three natural deep eutectic solvents (NADESs:
betaine+malic acid, betaine+sucrose, and citric acid+sucrose with 50% of water) and maceration. The
extracts were characterized in terms of total polyphenol content (TPC), ABTS radical scavenging
potential, extraction yield, zeta potential, conductivity, pH, density, surface tension, and viscosity.
TPC was the highest in betaine+malic acid extract (10.4 mg gallic acid equivalents, GAE/g), and the
lowest in water and citric acid+sucrose extracts (6.5 and 6.4 mg GAE/g, respectively). ABTS radical
scavenging potential was the highest in water extract, 5.6 mmol Trolox/g, whereas the lowest was
in citric acid+sucrose extract, 2.6 mmol Trolox/g. Extraction yield was the lowest for betaine+malic
acid extract, 0.607 %, and statistically significantly higher for betaine+sucrose extract, 1.22 %. Zeta
potential (absolute value) was the highest for betaine+sucrose extract (-2.12 mV), and the lowest for
citric acid+sucrose extract (0.29 mV). Conductivity was in the range of 0.25 mS/cm (betaine+sucrose
extract) to 5.46 mS/cm (betaine+malic acid extract). pH ranged from 3.0 in betaine+malic acid extract
to 4.5 in water and betaine+sucrose extracts. Density varied from 1.00 g/mL for water extract to 1.19
g/mL for betaine+sucrose extract, while surface tension varied from 35.0 mN/m for betaine+sucrose
extract to 40.6 mN/m for water extract. Viscosity of water extract was 1.52 mPa·s and it was significantly
higher for citric acid+sucrose extract, 10.67 mPa·s. The application of NADESs as an extraction medium
can improve polyphenol recovery from rose hips, as well as extraction yield and conductivity, but
depending on NADES composition. Namely, the highest TPC and conductivity were measured in
betaine+malic acid extract, while betaine+sucrose extract possesses the highest extraction yield. Thus,
the constitution of NADES should be optimized depending on the future application of the extract.
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1. INTRODUCTION

Rosa canina L. or dog rose (Rosaceae) is prickly bushes or
shrubs native to Europe and Asia, as well as it is extensively
cultivated over the world. R. canina represents the major com-
mercial source of rose hips that are ellipsoid, globose, or ovoid
fruits. The fruits of dog rose contains polyphenols (flavonoids,
tannins, leucoanthocyanins, and phenolic acids), carotenoids,
plant acids (citric and malic acids), minerals, vitamins (ascor-
bic acid and tocopherol), sugars (glucose, fructose, and su-
crose), glycoproteins, glycolipids, oil, and pectin (Kazaz et al.,
2009; Khan and Abourashed, 2010). Regarding to the pharma-
ceutical potential, antioxidant, anti-inflammatory, analgesic,
mild laxative and diuretic activities of rose hips are reported

(Khan and Abourashed, 2010; Larsen et al., 2003). Addition-
ally, rose hips are mainly used as a source of acerola (natural
vitamin C) that can be degraded during drying or extraction
procedures. They are widely used as an herb tea ingredi-
ent and as a component of capsules and tablets (Khan and
Abourashed, 2010).

The extraction of bioactive compounds, including polyphe-
nols, carotenoids, alkaloids, terpenoids, proteins, sugars,
steroids, and glycosides from different herbal materials repre-
sents an initial step to remove ballast substances and to isolate
target components that can be used in food, pharmaceutical,
and cosmetic industries, as well as in diagnostic procedures
(Hikmawanti et al., 2021). Maceration represents a traditional

http://dx.doi.org/10.5937/leksir2242005J
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Table 1. Chemical composition, molar ratio, water content, and pH
value of used natural deep eutectic solvents (NADESs).

NADES molar ratio water content pH

betaine+malic acid 1:1 50 % 2.55

betaine+sucrose 1:1 50 % 4.35

citric acid+sucrose 1:1 50 % 2.06

procedure for obtaining plant extracts, but possesses several
disadvantages, including lower extraction and polyphenol
yields, extended extraction time, as well as a consumption of
the large amounts of herbal material and extraction medium
(Hikmawanti et al., 2021; Jovanović et al., 2017a). Thus, in
the recent time, natural deep eutectic solvents (NADESs) are
applied as a tool for improving polyphenol recovery using
maceration. Furthermore, the use of relatively toxic organic
solvents leads to improper extraction process, as well as to
possibility of the presence of residual solvents in the final prod-
ucts. Also, volatile solvents are air pollutants that contribute to
global warming (Chemat et al., 2019; Hikmawanti et al., 2021).
Thus, the use of green solvents, such as NADESs that are en-
vironmentally friendly and relatively safe, could overcome
the limitations of conventional organic solvents. The advan-
tages of NADESs include environmentally friendly materials
and procedures, easy preparation, less hazards, lower energy,
and biodegradability (Hikmawanti et al., 2021; Promila and
Singh, 2018). NADESs can be named natural mixtures due
to their constituent components that are primary metabolites,
including sugars, plant acids, organic bases, and amino acids
(Dai et al., 2013). According to the literature, eutectic mixture
can extract both hydrophilic and lipophilic molecules. Addi-
tionally, hydrophilic NADESs can dissolve some hydrophobic
compounds, which is not the case with water as an extraction
medium (Hikmawanti et al., 2021).
Therefore, in the present study, R. canina extracts prepared us-
ing water or natural deep eutectic solvents containing 50 % wa-
ter, including two amino acids-based NADESs (betaine+malic
acid and betaine+sucrose) and one neutral NADES with acids
(citric acid+sucrose), and maceration, were characterized via
analysing total polyphenol content (TPC), ABTS radical scav-
enging potential, extraction yield, zeta potential, conductivity,
pH, density, surface tension, and viscosity.

2. MATERIALS AND METHODS

2.1. Plant material and reagents
Dried rose pseudo-fructus were obtained from the Institute
for Medicinal Plants Research ”Dr Josif Pančić”, Serbia. The
following reagents were used: ethanol and sodium carbon-
ate (Fisher Scientific, UK), Folin-Ciocalteu reagent and gallic
acid (Merck, Germany), potassium persulfate (Centrohem, Ser-
bia), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
or ABTS (Sigma-Aldrich), USA, betaine (Acros Organics,
China), malic acid, sucrose, and citric acid (Fisher Bioreagents,
Belgium).

2.2. NADESs and extracts preparation
Three NADESs (betaine+malic acid, betaine+sucrose, and cit-
ric acid+sucrose) were prepared in molar ratio 1:1 with 50 %
of water at 80 °C until a transparent mixture was obtained
(Mohd Fuad and Mohd Nadzir, 2022; Savi et al., 2019). Chem-
ical composition, molar ratio, water content, and pH value of
used NADESs are given in Table 1.

R. canina extract was obtained using maceration (the tempera-
ture of 25 °C was constant in the incubator shaker, KS 4000i
control, IKA, Germany) for 60 min; grinded and sieved dried
rose hip shells (0.75-2 mm, 0.35 g) and water or three types
of NADESs (all with 50 % of water, 35 mL) are mixed and
filtered after the extraction. The extracts were stored at 4 °C
for further analyses.

2.3. Determination of total polyphenol content
The total polyphenol content (TPC) of R. canina extracts was
determined spectrophotometrically at 765 nm using the modi-
fied Folin-Ciocalteu method (Galvan d’Alessandro et al., 2012).
The results are expressed as milligrams of gallic acid equiva-
lents per gram of plant material (mg GAE/g).

2.4. Determination of ABTS radical scavenging activity
The absorbance of ethanol solution of ABTS radicals (2 mL)
and diluted extract (20 µL) was spectrophotometrically mea-
sured at 734 nm after 6 min (Jovanović et al., 2021a), and
calculated as:

∆A = A0 − Ax ,

where A0 was the absorbance of ABTS solution and solvent;
Ax was the absorbance of ABTS solution and extract. Scaveng-
ing capacity was expressed as mmol Trolox equivalents per
gram of plant material (mmol Trolox/g).
The absorbance of all samples was read on UV spectropho-
tometer, UV-1800 (Shimadzu, Japan). Every spectrophotomet-
ric measurement was performed in triplicate.

2.5. Determination of extraction yield
Extraction yield was calculated as:

EY (%) =
100 − ((a − b)× 100)

m
,

where a represents the weight (g) of vessel containing the
sample prior to drying, b represents the weight (g) of vessel
containing the sample after drying in Memmert 30-1060 (Mem-
mert GmbH, Germany) at 105 °C to constant mass (approxi-
mately 4 h), and m represents the weight (g) of the sample.

2.6. Determination of pH, zeta potential, and conductivity
pH value of NADESs and R. canina extracts was determined
using pH meter HI 2211 (Hanna Instruments, USA). Each
sample was measured three times at room temperature. Zeta
potential and conductivity of the extracts were determined
by photon correlation spectroscopy (PCS) in Zetasizer Nano
Series, Nano ZS (Malvern Instruments Ltd., UK). Each sample
was measured three times at room temperature.

2.7. Determination of density, surface tension and viscosity
Density and surface tension of the extracts were measured
using silicon crystal (as the immersion body) and Wilhelmy
plate, respectively, in Force Tensiometer K20 (Kruss, Germany).
Each sample was examined three times at room temperature.
Viscosity of the extracts was determined using Rotavisc lo-vi
device equipment with VOL-C-RTD chamber, VOLS-1 adapter
and spindle (IKA, Germany). Each sample was examined
three times at room temperature.

3. RESULTS AND DISCUSSION

Four different rose hips extracts, obtained using water and
various NADESs containing 50 % of water (betaine+malic
acid, betaine+sucrose, and citric acid+sucrose) and maceration,
were examined in terms of physico-chemical characteristics
(TPC and antioxidant potential) and physical characteristics
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Table 2. Total polyphenol content (TPC), ABTS radical scavenging potential and extraction yield (EY) of Rosa canina L.
extracts obtained using water or NADESs with 50 % water in maceration.

Extracts TPCa ABTS extraction yield

[mg/g] [mmol Trolox/g] [%]

water 6.5±0.4 c 5.6±0.5 a 0.654±0.04 c

betaine+malic acid (1:1) 10.4±0.5 a 4.1±0.1 b 0.607±0.09 d

betaine+sucrose (1:1) 9.1±0.1 b 3.9±0.3 b 1.220±0.05 a

citric acid+sucrose (2:1) 6.4±0.4 c 2.6±0.3 c 0.842±0.09 b
a Values with different letters (a-d) in each row showed statistically significant differences (p<0.05; n=3; analysis of variance, Duncan’s
post-hoc test.

(extraction yield, zeta potential, conductivity, pH, density,
surface tension, and viscosity).

3.1. Total polyphenol content of the extracts

As can be seen from Table 2, TPC was the highest in be-
taine+malic acid extract (10.4±0.5 mg GAE/g), followed by
betaine+sucrose extract (9.1±0.1 mg GAE/g), and the lowest
in water and citric acid+sucrose extracts (6.5±0.4 and 6.4±0.4
mg GAE/g, respectively).
According to the literature, NADESs are proven to efficiently
provide extracts of plant metabolites with higher yields
than those of conventional solvents, such are water, ethanol,
methanol or their mixtures (Hikmawanti et al., 2021). For
that reason better results of TPC in betaine based NADES
extracts compared to water extract were expected (Table 2).
The absence of better polyphenol yield in citric acid+sucrose
extract can be explained by the fact that the extraction pro-
cess, as well as the composition of the extraction medium
should be optimized for every plant source (Jovanović et al.,
2017b). Additionally, NADESs have two mechanisms of ac-
tion: (1) direct action, i.e. the interaction with target molecules
through hydrogen bonding and (2) indirect action, i.e. the
damage of the cell wall, and consequently releasing of the
target components from the plant material. In the second
mechanism, NADESs have a role of pretreatment solvent, thus
another extraction medium should be used in main extraction
process (Hikmawanti et al., 2021). It can be the case with cit-
ric acid+sucrose, as an extraction medium. Namely, higher
concentration of citric acid and sucrose can cause the destabi-
lization of plant cells, but probably cannot provide superior
leaking of polyphenols into extraction surrounding in compar-
ison to water. Furthermore, NADESs based on amino acids,
such as betaine, have higher polarity, while NADES with sugar
components have a lower polarity (Dai et al., 2013). Therefore,
it also can be the reason for better polyphenol recovery, as
polar compounds, into extraction medium.

3.2. Antioxidant potential of the extracts

ABTS radical scavenging activity was the highest in water
R. canina extract, 5.6±0.5 mmol Trolox/g of plant material,
whereas the lowest was in citric acid+sucrose extract, 2.6±0.3
mmol Trolox/g (Table 2). Between betaine+malic acid and
betaine+sucrose extracts there was no statistically significantly
difference in antioxidant potential. It can be concluded that in
the case of water and NADES R. canina extracts there was no
correlation between TPC and antioxidant activity. According
to the literature, various non-phenolic compounds, includ-
ing ascorbic acid, β-carotene, uric acid, triterpenoid saponins,
and thiols, as well as synergism of different components can
have an important role in total antioxidant capacity of the

plant extracts (Bi et al., 2012; Foti and Amorati, 2010). Proba-
bly, NADESs are suitable extraction medium for polyphenols
of rose hips, but not for non-phenolic antioxidants, which
show better diffusion through the aqueous medium. Also,
NADES extracts can show the antioxidant potential due to in-
termolecular interactions, particularly hydrogen bonds, which
stabilize the target molecules (Hikmawanti et al., 2021). Ac-
cording to Hikmawanti et al. (2021), polyphenols, flavonoids,
even carotenoids can be effectively extracted using NADESs,
but the content of individual compounds in extracts strongly
depends on NADES composition. Additionally, Eucalyptus
globulus extract obtained by using eutectic solvent did not
increase polyphenol antioxidant capacity against DPPH radi-
cals in comparison to aqueous-ethanolic extract (Gullón et al.,
2019).

3.3. Extraction yield
Rusak et al. (2008) have reported that the extraction yield
strongly depends on the extraction time and on the extraction
medium as well. Thus, the mentioned parameter was mea-
sured in water and NADES extracts, and results are presented
in Table 2. Extraction yield was the lowest for betaine+malic
acid extract (0.607±0.09 %), while for betaine+sucrose extract
it was statistically significantly higher than for other extracts
(1.22±0.05 %). However, the highest extraction yield did not
correlate with the highest TPC or antioxidant potential. On
the contrary, the extract with the highest TPC (betaine+malic
acid extract) possessed the lowest extraction yield. Namely,
higher extraction yield can be correlated to the extraction of
ballast materials, such are sugars, proteins or lipids (Jovanović
et al., 2021b).

3.4. Zeta potential, conductivity, and pH value of the extracts
As can be seen from Table 3, zeta potential (absolute value), as
a measurement of the stability of the system, was the highest
for betaine+sucrose extract (-2.12±0.09 mV), and the lowest
for citric acid+sucrose extract (0.29±0.03 mV). Measurement
of zeta potential of the extracts is important from the aspect
of the future application of the extract products, such as the
preparation of extract loaded microparticles and nanoparticles,
as well as for the potential use of the obtained extracts in co-
agulation and flocculation in drinking water treatment. Based
on the obtained results, it can be noticed that the extracts pre-
pared using betaine based NADESs exhibited negative, but
higher zeta potential (absolute value), while water and citric
acid+sucrose extract exhibited positive value of zeta potential.
According to Skaf et al. (2021), zeta potential of plant extracts
depends on extraction conditions and varies from 2 mV to 15
mV.
Conductivity, as a potential predictor of the antioxidant po-
tential of the system, was in the range of 0.250±0.009 mS/cm
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Table 3. Zeta potential (ζ), conductivity (G), acidity, density (ρ), surface tension (γ), and viscosity (η) of Rosa canina L. extracts
obtained using water or NADESs with 50 % water in maceration.

Extracts ζa G Acidity ρ γ η

[mV] [mS/cm] [pH] [g/mL] [mN/m] [mPa/s]

water 0.43±0.03 c 1.39±0.34 c 4.5±0.0 a 1.00±0.04 c 40.6±1.2 a 1.52±0.01 d

betaine+malic acid (1:1) -1.16±0.31 b 5.46±0.01 a 3.0±0.1 b 1.15±0.00 b 36.0±1.0 c 6.50±0.01 c

betaine+sucrose (1:1) -2.12±0.09 a 0.25±0.01 d 4.5±0.1 a 1.19±0.00 a 35.0±1.04 c 9.50±0.01 b

citric acid+sucrose (1:1) 0.29±0.03 d 2.09±0.22 b 2.2±0.1 c 1.14±0.01 b 40.3±1.1 a 10.67±0.06 a
a Values with different letters (a-d) in each row showed statistically significant differences (p<0.05; n=3; analysis of variance, Duncan’s post-hoc test.

(betaine+sucrose extract) to 5.46±0.012 mS/cm (betaine+malic
acid extract, Table 3). Abbott et al. (2004) have reported that
NADESs’ conductivities were in the range from 0.1 to 10
mS/cm changing with the composition and temperature. Fur-
thermore, according to the literature, the extracts with higher
conductivity possess the higher antioxidant potential (Jurin-
jak Tušek et al., 2018). However, it was not the case with
NADESs R. canina extracts. It can be explained with the fact
that ions from eutectic solvents influence the conductivity, but
not improving the antioxidant activity of the extracts. Thus,
water R. canina extract shows lower conductivity, but statisti-
cally significantly higher radical scavenging activity.
pH values ranged from 3.0 (betaine+malic acid extract) to 4.5
(water and betaine+sucrose extracts, Table 3). Namely, in all
NADES extracts, pH values are quite increased in comparison
to the initial extraction medium (Table 1), but they are still
in acidic range of pH values. Although the pH values can
affect the results of antioxidant test, in the case of ABTS assay
, the mentioned influence is negligible. Namely, a very small
amount of diluted extract (20 µL) was added in a large volume
of ABTS solution (2 mL), thus it did not change the pH value
of free radical solvent. Therefore, the measured pH values
should be taken into account when choosing future encapsula-
tion procedure or food, pharmaceutical, or cosmetic products
for extract incorporation.

3.5. Density, surface tension, and viscosity of the extracts

Density varied from 1.00±0.01 g/mL for water extract to
1.19±0.01 g/mL for betaine+sucrose extract, while surface ten-
sion varied from 35.0±1.0 mN/m for betaine+sucrose extract
to 40.6±1.2 mN/m for water extract (Table 3). Mladenović
et al. (2018) have reported that density correlated to the ex-
traction yield, which was the case with the obtained R. canina
betaine+sucrose extract where the highest yield was detected.
According to Florindo et al. (2014), density of eutectic solvent
(cholinium chloride with different carboxylic acids) was 1.19
g/mL at room temperature, but depended on the composition
and temperature. Regarding to the results of surface tension, R.
canina water extract has a higher surface tension due to the rel-
atively high interaction of water molecules through hydrogen
bonds. According to Peng et al. (2016), the decrease in surface
tension improves the effect of diffusion and mass transfer. It
is in agreement with our results, where betaine+sucrose and
betaine+citric acid extracts possess the lowest surface tension
(Table 3) and the highest polyphenol recovery (Table 2).
The major disadvantage of NADES in comparison to conven-
tional solvents, including water, ethanol and their mixture,
is inherent high viscosity that can reduce the diffusion coeffi-
cients of analytes causing a slow mass transfer and extended
extraction time. Thus, the addition of a certain amount of
water in eutectic mixture can overcome the mentioned prob-

lem and improve the yield of target compounds (Dai et al.,
2013; Hikmawanti et al., 2021). The increased water content
in NADES drastically decreases the viscosity that strictly de-
pends on the strength of the hydrogen bonding and van der
Walls interactions. Namely, the stronger hydrogen bonding
is make the extraction medium more viscous, and conse-
quently causes a lower solubility of the active components
(Hikmawanti et al., 2021; Mehariya et al., 2021). Additionally,
the implementation of very viscous extracts, such as NADES
samples, in food, pharmaceutical, and cosmetic preparations
can cause various technical difficulties. Therefore, viscos-
ity of water and NADES extracts from rose hips are exam-
ined. Viscosity was the lowest for water extract, 1.52±0.01
mPa·s, whereas it was statistically significantly higher for cit-
ric acid+sucrose extract, 10.67±0.06 mPa·s (Table 3). Hassan
and Hobani (1998) have also reported that water extract of
Hibiscus sabdariffa showed viscosity of 1.5 mPa·s. The viscosity
values of eutectic solvents were found to cover the range from
0.05 to 50 mPa·s (Abbott et al., 2004; Florindo et al., 2014). The
viscosity depends on NADES composition and temperature as
well (Abbott et al., 2004; Florindo et al., 2014; Ruesgas-Ramón
et al., 2017). Since the viscosity is related to the free volume
and the probability of finding holes of suitable dimensions for
the molecules or ions transfer into vacant sites, the decrease
in surface tension causes the increase in free volume and thus
the decrease in extraction medium viscosity (Ruesgas-Ramón
et al., 2017). As can be seen in Table 3, the NADES sample with
higher surface tension (citric acid+sucrose extract) possessed
higher value of viscosity compared to other NADES extracts.

CONCLUSION

In the present study, water extract and three NADES extracts
of R. canina were prepared and their physico-chemical proper-
ties were investigated. The highest TPC and conductivity were
measured in betaine+malic acid extract, while betaine+sucrose
extract possesses the highest extraction yield. On the other
hand, water extract exerted the highest ABTS radical scaveng-
ing activity. Betaine based NADES extracts showed the lowest
surface tension, and thus higher polyphenol recovery, while
citric acid+sucrose extract possessed higher surface tension
and consequently the highest viscosity. The application of
NADESs as an extraction medium can improve polyphenol
recovery from rose hips, as well as extraction yield and con-
ductivity, but depending on NADES composition. Thus, the
constitution of NADES should be optimized depending on
the future application of the extract.
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Cvitanović, A. and Gajdoš Kljusurić, J. (2018). Optimizing bioactive
compounds extraction from different medicinal plants and prediction
through nonlinear and linear models, Industrial Crops and Products
126: 449–458.

Kazaz, S., Baydar, H. and Erbas, S. (2009). Variations in chemical
compositions of Rosa damascena Mill. and Rosa canina L. fruits, Czech
Journal of Food Sciences 27(No. 3): 178–184.

Khan, I. A. and Abourashed, E. A. (2010). Leung’s Encyclopedia of
Common Natural Ingredients Used in Food, Drugs, and Cosmetics,
John Wiley & Sons, Inc., Hoboken, New Jersey.

Larsen, E., Kharazmi, A., Christensen, L. P. and Christensen, S. B. (2003).
An antiinflammatory galactolipid from rose hip (Rosa canina) that in-
hibits chemotaxis of human peripheral blood neutrophils in vitro, Jour-
nal of Natural Products 66(7): 994–995.

Mehariya, S., Fratini, F., Lavecchia, R. and Zuorro, A. (2021). Green
extraction of value-added compounds form microalgae: A short review

on natural deep eutectic solvents (NaDES) and related pre-treatments,
Journal of Environmental Chemical Engineering 9(5): 105989.
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