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Abstract
In this study, the green extraction of bioactive compounds from Rosehip (Rosa canina L.) fruits and their antioxidant 
activity were investigated. An ultrasound-assisted extraction combined with deep eutectic solvents (DES) was used for 
this purpose. Deep eutectic solvents based on citric acid were specially designed. Namely, hydrogen bond donor (HBD) 
such as glycerol and ethylene glycol as well as hydrogen bond acceptor (HBA) like citric acid were used. After choosing 
the best option of DES, for extraction of the bioactive ingredients, optimal extraction conditions of the ultrasonic-assist-
ed extraction have been optimized through Box-Behnken design of response surface methodology (RSM). Total phe-
nolics content (TPC), total anthocyanins content (TAA), and antioxidant activity against 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) have been found as 103.37 mg GAE/g DW in DES2, 92.23 mg GAE/g DW in DES1, 3.25mg C3G/100g-DW in 
DES2, 1.31 mg C3G/100g-DW in DES1, and 101.85% inhibition in DES2, 94.32%. The results of this study showed that 
this method is a competitive sustainable, green, and effective extraction of bioactive compounds from Rosehip (Rosa 
canina L.) fruits.
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1. Introduction

Rosa canina L, which is also known as Rosehip, is a 
member of the Rosaceae family and the genus Rosa 
which comprises nearly 200 species that are naturally dis-
tributed almost in many countries such as Europe, Asia, 
the Middle East, and North America.1–3 In Kosovo, Rosa 
canina L. fruits are found in all areas of the country and 
are traditionally used for food or medical purposes. 
Functional foods and food supplements, such as herbal 
food supplements and nutraceuticals, that help protect 
humans against oxidative stress and a variety of diseases 
have piqued attention all over the world. Rosa canina L. 
fruits are high in phenolic compounds, which operate as 

natural antioxidants; flavonoids, anthocyanins, and high 
vitamin C content; vitamins A, B1, B2, B6, D, E, and K; 
organic acids, such as citric acid, malic acid, carotenoids, 
sugars, mineral elements, and fibers.4–6 Rosa canina L. is 
a remarkable fruit that is a rich source of biologically ac-
tive compounds with pharmacological features. Moreo-
ver, it is used for a wide variety of purposes like protec-
tion of health and therapy for flu, infections, protect the 
kidneys from oxidative stress, possesses an antidiabetic, 
antimicrobial, inflammatory diseases, and chronic pains. 
Rosa canina L. fruits have anti-ulcer and anti-aging prop-
erties. Chemoprevention, antioxidant, antimutagenic, 
and anticarcinogenic properties are also known.7,8 Due 
to the above-mentioned properties, Rosa canina L. fruits 
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are commonly used in the food, pharmaceutical, and cos-
metic industries. Namely, it could be, used as food and 
drink such as tea, marmalades, jellies, and jams. Howev-
er, it has recently been utilized as an ingredient in probi-
otic drinks, yogurts, and health supplements.4 In the sci-
entific literature, there is still lack of information on 
phenolic compounds, flavonoids and the antioxidant ac-
tivity of Rosa canina L. fruits. Novel applications are giv-
en in a very limited number of studies mainly on the ex-
traction of phenolic compounds and antioxidant activity 
based on solid-liquid extraction with traditional organic 
solvents (methanol, ethanol, acetone, ethyl acetate, etc.) 
and water/organic solvent mixtures have been used to ex-
tract the bioactive components from Rosa canina L. 
fruits. Organic solvents, on the other hand, have several 
disadvantages, such as toxicity, volatility, non-degrada-
bility, and flammability. They are also very expensive, but 
their use in the extraction process poses potential dan-
gers to both human health and the environment.9,10 From 
the point of view of green chemistry several studies have 
been conducted to overcome these issues by replacing 
conventional organic solvents with deep eutectic solvents 
(DES) as a new generation of eco-friendly solvents.11–13 
Therefore, recently ionic liquids have been developed 
and entitled as deep eutectic solvents (DES). DES are 
designable solvents formed by molecular interactions, es-
pecially hydrogen bonds.14 DES can be formed by mixing 
two or three inexpensive materials such as organic acids, 
polyols, sugars, amines, and quaternary ammonium 
salts.15 Ultrasound-assisted extraction (UAE) is a novel 
extraction method known for being very efficient and en-
vironmentally friendly. The frequency of the ultrasonic 
bath has a significant effect on the extraction process 
while the ultrasound irritation helps to reduce reaction 
time and increase mass transfer during this operation. In 
addition, the ultrasound allows greater penetration of the 
solvent into the food matrix, which increases the contact 
surface area between solid and liquid phases.16 In the 
current study, DES containing hydrogen bond donors 
(polyol) and hydrogen bond acceptor (organic acid) has 
been synthesized and used for determination total phe-
nolic content, total flavonoid content, anthocyanin con-
tent, from Rosa canina L. fruits and their antioxidant ac-
tivity using UAE. After the determination of the best 
designed DES, the UAE experiments were designed by 
Box-Behnken design (BBD) along with response surface 
methodology (RSM). In this context, our study has over-
come the issues related to conventional organic solvents 
and replace them with DES as a new generation of 
eco-friendly solvents. To the best of our knowledge, there 
is no any report on the green extraction of antioxidant 
phenolic compounds from Rosa canina L. fruits using the 
combination of UAE-DES. Therefore, the main objectives 
of this study are (i) to evaluate the most effective solvent 
to extract phenolic compounds from Rosa canina L. 
fruits, (ii) to screen significant extraction variables in 

UAE-DES using a Box-Behnken design (BBD) along 
with response surface methodology (RSM), and (iii) to 
quantify the phenolic compounds and antioxidant activ-
ity of the Rosa canina L. extract at optimum conditions.

2. Materials and methods
2. 1. Plant Material

Rosa canina L. fruits were collected during Septem-
ber 2021 from the spontaneous flora of the central part of 
Kosovo. Rosehips were washed several times with tap wa-
ter and dried at room temperature. The fruits were imme-
diately transferred to the laboratory in polyethylene bags 
and stored at –4 °C until analysis. 

2. 2. Chemical Materials 
All chemicals used in experiments were analytical 

grade. Ethanol was provided from Alkaloid (Skopje, North 
Macedonia). Folin–Ciocalteu reagent, citric acid, glycerol, 
ethylene glycol, sodium carbonate, and gallic acid were 
purchased from Sigma–Aldrich (Germany).

2. 2. Extract Preparation
Ultrasound-assisted extraction was conducted in a 

digital ultrasonic bath at 25 °C. Rosehip fruits (500 mg) 
and solvent were sealed in an Erlenmeyer flask and placed 
into the digital ultrasonic bath. The extract was centri-
fuged at 5000×g for 25 min. After centrifugation, the su-
pernatant was filtered through a 0.45 μm syringe and 
stored at −4 °C until analysis.

2. 3.  Preparation of Deep Eutectic Solvent-
DES
A hydrogen bond acceptor (HBA) and a hydrogen 

bond donor (HBD) were dried at 45 °C for 24 h before use. 
Before were mixed along with heating at 80 °C by a mag-
netic stirrer. When a homogeneous liquid was observed, 
the acidity of the liquids was measured by a pH meter. The 
appropriate molar ratio of the used solvents, was weight 
and it is listed in table 1. The prepared DES compositions 
were stored in a desiccator to prevent moisture absorption 
until further analysis. 

Table 1. Components and their properties used in the design of 
DES for the UAE of Rosa canina L. fruits

DES/No. HBA Chemical HBD Chemical pH
  formula  formula

DES 1 Citric acid C6H8O7 Glycerol C3H8O3 1.5
DES 2 Citric acid C6H8O7 Ethylene glycol  C2H6O2 1.0
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2. 4. Experimental Designs
2. 4. 1. Screening of Solvents

In the initial screening of the extraction efficiencies 
of the solvents, the Rosa canina L. fruits samples (500 mg) 
were mixed with the selected solvents (5 mL). Other pa-
rameters were kept constant in accordance with the con-
cept that one factor at a time approach will be changed. 
The extraction of phenolic compounds was conducted at 
40 °C for 30 min with an ultrasound amplitude of 20%. 
The supernatant phase was collected after centrifugation 
at 10,000xg for 10 min. The extracts were stored at –4 °C 
under dark conditions.

2. 5.  Determination of bioactive properties 
and antioxidant activity (TPC, TAA, 
DPPH)
Total phenolics content (TPC) was determined by 

Folin Ciocalteu Reagent spectrophotometrically at 765 
nm using the method of Singleton et al. (1999),17 with 
some modifications reported by Koraqi and Lluga-Ri-
zani (2022)18. The results are presented as mg gallic acid 
(mg GAE/g DW) equivalent per gram Rosa canina L. 
fruits sample. Total anthocyanin analysis (TAA) was con-
ducted by the pH differential method reported by Lee et 
al. (2005)19 with some modifications.20 TAA is based on 
the measurement of the absorbance of the anthocyanins, 
which depends on the pH alteration (pH = 1.0 and pH = 
4.5). The wavelength was 530 and 657 nm. As for Total 
anthocyanin content, is presented as mg cyaniding-3-glu-
coside (mg C3G/g DW) equivalent per gram Rosa canina 
L. fruits. Regarding antioxidant activity against a free radi-
cal,the 2,2-diphenyl-1-picrylhydrazyl (DPPH) test was ap-
plied at 517 nm.21 Inhibition power of the extracts towards 
DPPH radical is stated as a percentage (% inhibition) and 

it can calculated according to equation 1:

 Antioxidant activity % inhibition of DPPH  
= [(Acontrol − Asample)/ Acontrol] × 100   (1)

Acontrol represents the absorbance of the diluted 
DPPH solution, and Asample represents the absorbance of 
the sample.

2. 6. Statistical Analysis
The differences among extraction solvents were de-

termined using analysis of variance (ANOVA), followed 
by Duncan tests (SPSS 22 package program for Windows, 

Chicago, IL, USA). Statistical significance was defined at a 
95% confidence level. Design Expert v13.0 trial software 
(Stat-Ease, USA) was used for the construction of exper-
imental designs (BBD and RSA), regression analysis of 
experimental data, and plotting of 3D response surface 
graphs. ANOVA test was used to assess the statistical sig-
nificance of the regression coefficient by F-test at 95% con-
fidence level. The adequacy of the fitted polynomial model 
was expressed by the coefficient of determination (R2) and 
lack of fit test.

3. Results and Discussion
3. 1.  Comparison of the Deep Eutectic Solvent 

(DES)

Citric acid-based DES has been synthesized with 
polyol HBD such as glycerol and ethylene glycol. Figure 
2 shows that the superior yield for all dependent variables 
(DPPH, TPC, and TAA) has been gained by the citric acid/

Figure 1. Experimental design for extraction bioactive compounds from Rosa canina L. fruits 
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ethylene glycol combination. Hrnčič et al. (2019)22 extract-
ed Rosa canina L. fruits with conventional solvents (meth-
anol solution-MeOH and water), where TPC and DPPH 
changed between 8.13 mg GAE/g extract and 9.01% DPPH 
Inhibition, respectively. Our results for TPC were 13 times 
better, whilst our phenolic quantity was almost twice com-
pared to those of the previous studies. Su et al. (2007)23 also 
reported a lower value of TPC than 5.09 mg GAE/g in 50% 
acetone extract and 2.57 mg GAE/g in 80% methanolic ex-
tract. Furthermore, Fascella et al. (2019)24 declared a lower 
value of TPC (6784.5 mg GAE/100 g DW), but a similar 
values with our results for TAA (3.86 mg CGE/100g DW) 
and antioxidant activity DPPH IC50 (80.8%) against DPPH 
radical when they extracted Rosa canina L. fruits with tra-
ditional extraction method through the water.IC50 values 
in the DPPH assay correspond to lower antioxidant activi-
ty, and vice versa.24Lower value of TPC in ethanolic extract 
(40%–70% EtOH) has been reported by Ilbay et al.(2013)16 
as well, 47.23 mg GAE/g DW in optimal conditions (40% 
EtOH, at 50 °C, time 81.23 min.). Bozhuyuk et al. (2021)25 
reported similar results for extraction with conventional 
solvents as TPC (390–532 mg GAE/100g DW; and TAA 
3.62–7.81 mg/kg) extracted from Rosa canina L. fruits. 
Our findings for TPC were higher in comparison with 
these studies. Most of these findings are reported in Ta-
ble 2. Even though both of the DES mixtures surpassed 
the conventional solvents reported in the literature, citric 
acid/ethylene glycol formulation was shown as a better one 
mainly due to its viscosity.26 Since ethylene glycol is a less 
viscous liquid than glycerol, therefore its mixture with cit-
ric acid has been shown better in terms diffusion into the 
plant matrix.27 After the success of the citric acid/ethylene 
glycol, a statistical experimental design study was per-
formed. In order to achieve a clearer liquid, water addition 
into the DES system showed as a good addition for rising 
polarity of the system.27 Hence, the water content in the 
DES has been chosen as a process variable for the ultra-
sonic-assisted extraction of Rosa canina L. fruits (Table 3).

3. 2.  Box-Behnken Design and Modeling of 
Ultrasonic-Assisted Extraction
After the success of the citric acid/ethylene glycol, 

a statistical experimental design study was performed. In 
order to achieve a clearer and more fluid liquid, water ad-
dition into the DES system is a must in addition to rising 

polarity.27 Hence, the water content in the DES has been 
chosen as a process variable for the UAE of Rosa canina L. 
fruits (Table 3). Table 4 gives the content of TPC, TAA, and 
DPPH obtained by UAE under several process conditions. 
Table 5 summarizes the statistical outcome of the current 
system depending on the ANOVA test of BBD through 
RSM. The final equation in terms of coded factors for TPC 
(Response 1) is given as equation 2:

 TPC =96.23–1.32A+2.52B–0.6162C+1.04AB–
0.9666AC+5.02BC+4.69A²+1.96B²+1.32C²  (2)

Table 3. Operation parameters of the UAE of Rosa canina L. fruits

Independent Unit Symbol Levels with the codes
parameter   −1 0 +1

Time Min A 30 60 90
Solvent volume mL B 35 42.5 50
Water content %, v/v C 10 30 50

Figure 2. Comparative results of the selected DES on the perfor-
mance of UAE of Rosa canina L. fruits 

F 5.32 and p-value 0.0192 for the model are indica-
tions of the significance of the model. Regarding process 
parameters, if the p-value is less than 0.05 (p < 0.05), it 
means that the terms of the model are significant. Time of 
UAE was the most influential parameter, followed by sol-

Table 2. Extraction of bioactive compounds from Rosa canina L. fruits reported in scientific literature

Plant material Solvents Extraction method Reference

Rosa canina L. 40% EtOH  Ultrasonic-assisted extraction 16
Rosa canina L. Methanol, MeOH-water Maceration, Soxhlet extraction 22
Rosa canina L.  80% MeOH,50% acetone Conventional 23 
Rosa canina L.  Water Traditional extraction 24 
Rosa canina L.  Acetone, water, acetic acid Conventional   25
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Table 4. Effects of operation factors on the responses of Rosa canina L. fruits extract obtained by UAE

Run Factor 1 Factor 2 Factor 3 Response 1 Response 2 Response 3
 A:Time B: Solvent C: Water content TPC TAA DPPH
 (Min)   volume (mL) (%, v/v) (mg GAE/gDW) mgC3G/100gDW) (inhibition %)

1 60 35 50 90.66±0.01 2.5±0.02 102.77±0.01
2 60 42.5 30 98.44±0.03 3.25±0.03 95.01±0.01
3 30 50 30 106.72±0.03 2.41±0.02 101.65±0.02
4 90 50 30 105.64±0.02 2.46±0.02 101.15±0.03
5 60 42.5 30 95.66±0.01 1.53±0.01 101.61±0.03
6 30 35 30 102.21±0.02 1.57±0.01 93.36±0.04
7 60 50 50 104.19±0.03 2.62±0.02 99.43±0.02
8 60 42.5 30 95.61±0.04 1.8±0.01 103.66±0.02
9 30 42.5 10 101.49±0.01 2.23±0.02 101.24±0.01
10 30 42.5 50 105.12±0.03 2.03±0.03 99.77±0.03
11 60 42.5 30 92.94±0.04 1.92±0.03 97.03±0.01
12 90 35 30 96.96±0.04 0.84±0.01 99.62±0.01
13 90 42.5 50 101.06±0.02 2.07±0.01 98.07±0.02
14 90 42.5 10 101.29±0.01 2.01±0.02 107.75±0.01
15 60 50 10 98.32±0.02 2.89±0.02 101.10±0.02
16 60 35 10 104.86±0.02 2.10±0.01 101.23±0.01
17 60 42.5 30 98.50±0.01 0.98±0.01 103.51±0.03 

Data are given as the mean (n = 3) ± standard deviation.

vent quantity (p < 0.05). Effects of interactions between 
the variables were also found statistically important (p 
< 0.05). According to the ANOVA test, R2 was found as 
0.9702, whilst adjusted-R2 was 0.9086. That means that 
there is a convincing relationship between the experimen-
tal and calculated data as seen in Figure 3. The quadratic 
polynomial model derived from the BBD of RSM for TAA 
(response 2) is given in Equation 3:

 TAA=1.90–0.107A+0.4213B–
0.0013C+0.1950AB+0.0650AC–0.1675BC–  (3)
0.2593A2 +0.1833B2+0.4482C2

Similarly, the model was statistically significant to 
represent the experimental data based on the F and p val-
ues (Table 4). The most influential parameter was solvent 
volume (v/v) of DES (p < 0.05). However, water addition 
into the DES solution was not a statistically significant 
process parameter depending on the ANOVA test results 
(p > 0.05). A satisfactory relationship was also observed 
between the experimental and calculated data for response 
2 (Figure 3), where R2 and adjusted-R2 were 0.9649 and 
0.9198, respectively. The second-order equation in terms 
of coded factors for response 3 is given in Equation 4:

 DPPH = 100.17+1.32A+0.7940B–1.41C– 
1.69AB–2.05AC–0.8030BC–0.3196A²–   (4) 
0.8954B²+1.86C²

The equation derived for DPPH was statistically im-
portant for making estimations about the response for giv-
en levels of each factor as seen in Table 4. Time of UAE was 

the most effective independent factor, followed by solvent 
volume (p < 0.05). Unexpectedly, the amount of water in 
the extractant system was not a statistically effective pro-
cess parameter (p > 0.05). As already seen in Figures 3 and 
4, there is a convincing relationship between the actual and 
estimated results. Depending on the ANOVA findings, R2 
was found as 0.9780, whereas adjusted-R2 was 0.9326.

3. 3.  Effect of Process Parameters on 
Ultrasonic-Assisted Extraction of Rosa 
Canina L. Fruits
Figures 3 presents three-dimensional (3D) surfaces 

for UAE of Rosa canina L. fruits. As seen in Figure 3, the 
time of UAE has a predominant effect on the phenolics ex-
traction of the current plant material. Increasing the time 
leads to enhancement in the TPC extraction, where there 
had been quick cell breakage based on the rise in temper-
ature. Regarding the solvent amount to extract the plant, 
there was a slight effect such as increasing the yield. Since 
the current DES is not too viscous, the water addition had 
a mild effect on the enhancement of the TPC extraction.

Actually, time did not have a profound impact on the 
TAA yield as seen in the Figures 3 and 4 as it is presented 
that water content rise in the extractant system favors the 
TAA extraction due to the decline in surface tension and 
viscosity as well as an increase in polarity. In respect of 
DPPH, we observed similar inclinations towards the pro-
cess parameters of UAE of Rosa canina L. fruits. This find-
ing is in a good agreement with the correlation (r = 0.879) 
between the total phenolics and antioxidant activity of 
Rosa canina L. fruits. In the matter of TAA, its relationship 
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(r =0.003) with the antioxidant effect against DPPH radi-
cal (% Inhibition) has been found to be extremely weak.

4. Conclusions
This study revealed an efficient and sustainable ap-

proach for the extraction of antioxidant phenolic com-
pounds from Rosa canina L. fruits. In the extraction 
process, the combination of green solvents-DES and ul-
trasound-assisted extraction was evaluated and optimized 

using experimental design approaches including one var-
iable at a time, solvent volume, and water content (v/v). 
Two different deep eutectic solvents have been prepared 
using glycerol and ethylene glycol (hydrogen bond donor) 
and citric acid (hydrogen bond acceptor). Citric acid/eth-
ylene glycol mixture has produced the most efficient Rosa 
canina L. fruits extract through ultrasonic-assisted extrac-
tion. The correlation (r > 0.99) between the phenolics and 
the anthocyanin contents in Rosa canina L. fruits indicates 
that anthocyanins contribute to the most to the phenolic in 
the plant. On the other hand, the proposed second-order 

Table 5. Analysis of variance test for the Box-Behnken design for the UAE for TPC, TAA and %DPPH

Source Sum of squares Df Mean square F-value     p-value    

TPC Model 302.04 9 33.56 5.32 0.0192
         A-Time 13.97 1 13.97 2.22 0.0102
         B-Solvent volume 50.95 1 50.95 8.08 0.0249
         C-Water content 3.04 1 3.04 0.4817 0.5100
         AB 4.34 1 4.34 0.6886 0.4340
         AC 3.74 1 3.74 0.5928 0.4665
         BC 100.72 1 100.72 15.97 0.0052
         A2 92.65 1 92.65 14.69 0.0064
         B2 16.17 1 16.17 2.57 0.1533
         C2 7.32 1 7.32 1.16 0.3169
         Residual 44.13 7 6.30
         Lack of fit 22.59 3 7.53 1.40 0.3658
         Pure error 21.55 4 5.39
         Cor total 346.17 16

TAA Model 3.03 9 0.3370 0.7472 0.0257
         A-Time 0.0925 1 0.0925 0.2050 0.6644
         B-Solvent volume 1.42 1 1.42 3.15 0.0493
         C-Water content 0.0000 1 0.0000 0.0000 0.0259
         AB 0.1521 1 0.1521 0.3373 0.5796
         AC 0.0169 1 0.0169 0.0375 0.8520
         BC 0.1122 1 0.1122 0.2489 0.6332
         A2 0.2830 1 0.2830 0.6275 0.4543 
         B2 0.1414 1 0.1414 0.3135 0.5930
         C2 0.8460 1 0.8460 1.88 0.2131
         Residual 3.16 7 0.4510
         Lack of fit 0.3407 3 0.1136
         Pure error 2.82 4 0.7040 0.1613 0.9171
         Cor total 6.19  16

DPPH Model 83.39 9 9.27 0.6531 0.0299
            A-Time 13.98 1 13.98 0.9852 0.3540
            B-Solvent volume 5.04 1 5.04 0.3555 0.0298
            C-Water content 15.91 1 15.91 1.12 0.0348
            AB 11.42 1 11.42 0.8051 0.3994
            AC 16.86 1 16.86 1.19 0.3117
            BC 2.58 1 2.58 0.1818 0.6826
            A2 0.4300 1 0.4300 0.0303 0.8667
            B2 3.38 1 3.38 0.2379 0.6406
            C2 14.61 1 14.61 1.03 0.3439
            Residual 99.30 7 14.19
            Lack of fit 37.36 3 12.45 0.8044 0.5532
            Pure error 61.93 4 15.48
            Cor total 182.68 16
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Figure 3. A 2D contour plots and 3D response surface of TPC, TAA, and DPPH as a function of time (min) and solvent volume (mL)
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Figure 4. The effect of DES extraction parameters (time, solvent volume, water content) on TPC, TAA, and DPPH 

models of the Box-Behnken design have been decided to 
be satisfactory depending on the statistical indicators such 
as p < 0.05, R2 > 0.96 and adjusted R2 > 0.91. We could 
optimize the bioactive ingredients in the Rosa canina L. 
fruits extract obtained by ultrasonic-assisted extraction 
as an efficient, economically and applicable approach. On 

the other hand, the results of this study can be utilized for 
further applications of antioxidant phenolic compounds 
from Rosa canina L. fruits in the food, cosmetical, and 
pharmaceutical industries as well as this study could help 
in using the same approach for extraction of the bioactive 
compounds from other plants.
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Rev. 2018, 118, 2, 747–800.   
 DOI:10.1021/acs.chemrev.7b00571
10. B. Tang, H. Zhang, K. H. Row, Journal of Separation Science, 

2015, 38, 1053–1064.   DOI:10.1002/jssc.201401347
11. B. Ozturk, C. Parkinson, M. Gonzalez-Miquel, Separation 

and Purification Technology, 2018, 206, 1–13.
 DOI:10.1016/j.seppur.2018.05.052
12. X. Wang, Y. Wu, J. Li, A. Wang, G. Li, X. Ren, W. Yin, Indus-

trial Crops & Products, 2020, 151, 112442.
 DOI:10.1016/j.indcrop.2020.112442
13. L. Wu, Z. Chen, S. Li, L. Wang, J. Zhang, Separation and Puri-

fication Technology, 2021, 262, 118339.
 DOI:10.1016/j.seppur.2021.118339

14. J. M. Silva, E. Silva, R. L. Reis, A. R. C. Duarte, Sustainable 
Chemistry and Pharmacy, 2019, 14, 100192.

 DOI:10.1016/j.scp.2019.100192
15. E. L. Smith, A. P. Abbott, K. S. Ryder, Chemical Reviews, 2014, 

114(21), 11060–11082.   DOI:10.1021/cr300162p
16. Z. Ilbay, S. S¸ahin, S. I. Kırbaslar, J Sci Food Agric., 2013, 93, 

2804–2809.   DOI:10.1002/jsfa.6104
17. V. L. Singleton, R. Orthofer, R.M. Lamuela-Raventos, Meth-

ods in Enzymology, 1999, 299, 152–178.
 DOI:10.1016/S0076-6879(99)99017-11
18. H. Koraqi and K. Lluga-Rizani, Agriculture and Forestry, 

2022, 68, 1, 159–171.   DOI:10.17707/AgricultForest.68.1.09
19. J. Lee, R. W. Durst, R. E. Wrolstad, Journal of AOAC INTER-

NATIONAL, 2005, 88, 5, 1269–1278.
 DOI:10.1093/jaoac/88.5.1269
20. M. M. Giusti and R. E. Wrolstad, Current Protocols in Food 

Analytical Chemistry, 2001, F1.2.1–F1.2.13.
 DOI:10.1002/0471142913.faf0102s00
21. S. Şahin S. and R. Şamli, Ultrasonics Sonochemistry, 2013, 20, 

595–602. DOI:10.1016/j.ultsonch.2012.07.029
22. K. M. Hrnčič, D. Cör, P. Kotnik, Ž Knez, Acta Chim. Slov., 

2019, 66, 751–761.   DOI:10.17344/acsi.2019.5253
23. L. Su, J. Yin, D. Charles, K. Zhou, J. Moore, L. Yu, Food Chem-

istry, 2007, 100, 990–997.
 DOI:10.1016/j.foodchem.2005.10.058
24. G. Fascella, F. D’Angiolillo, M. M. Mammano, M. Amenta, V. 

F. Romeo, P. Rapisarda, G. Ballistreri, Food Chemistry, 2019, 
289, 56–64.   DOI:10.1016/j.foodchem.2019.02.127

25. M. R. Bozhuyuk, S. Ercisli, N. Karatas, H. Ekiert, H. O. Elan-
sary, A. Szopa, Sustainability, 2021, 13,14, 8060.

 DOI:10.3390/su13148060
26. L. Duan, L. L. Dou, L. Guo, P. Li, E. H. Liu, ACS Sustainable 

Chem. Eng., 2016, 4, 2405–2411.
 DOI:10.1021/acssuschemeng.6b00091
27. E. Kurtulbaş, G. A. Pekel, M. Bilgin, P. D. Makris, S. Şahin, 

Biomass Conv. Bioref., 2022, 12, 351–360.
 DOI:10.1007/s13399-020-00606-3

Povzetek
V tej študiji je bila raziskana zelena ekstrakcija bioaktivnih spojin iz plodov šipka (Rosa canina L.) in njihovo antiok-
sidativno delovanje. V ta namen je bila uporabljena ultrazvočna ekstrakcija v kombinaciji z globokimi evtektičnimi 
topili (DES). Posebej zasnovana so bila globoka evtektična topila na osnovi citronske kisline. Uporabljeni so bili donorji 
vodikove vezi (HBD), kot sta glicerol in etilen glikol, ter akceptor vodikove vezi (HBA), kot je citronska kislina. Po 
izboru najboljše možnosti DES za ekstrakcijo bioaktivnih sestavin so bili optimalni pogoji ultrazvočne ekstrakcije op-
timizirani s pomočjo Box-Behnkenovega oblikovanja metodologije odzivne površine (RSM). Skupna vsebnost fenolov 
(TPC), skupna vsebnost antocianinov (TAA) in antioksidativna aktivnost proti 2,2-difenil-1-pikrilhidrazilu (DPPH) je 
bila ugotovljena kot 103,37 mg GAE/g DW v DES2, 92,23 mg GAE/g DW v DES1, 3,25 mg C3G/100 g-DW v DES2, 
1,31 mg C3G/100 g-DW v DES1 in 101,85 % inhibicija v DES2, 94,32 %. Rezultati študije so pokazali, da je predstavljena 
ekstrakcija bioaktivnih spojin iz plodov šipka (Rosa canina L.) konkurenčno trajnostna, zelena in učinkovita.
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