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Red onion (Allium cepa L.) is a biennial her-
baceous originating from the territory of western 
and central Asia [1]. In recent years, the produc-
tion of onion has increased around the world at 
least by 25 %, reflecting its medicinal and nutritive 
value. According to FAOSTAT database (Food 
and Agriculture Organization, Rome, Italy), pro-
duction of dried onions was around 88 million tons 
in 2014. In the European Union, 500 000 t of onion 
waste is produced annually (comprising stalk, skin, 
small and damaged onions), which represents an 
ecological problem [2]. The onion waste is dis-
posed because it is not suitable to be use as animal 
feed. However, onion skin can be used as a source 
of dietary fibre and phenolic compounds. Also, 
the skin has a high content of quercetin, which 
is a strong antioxidant [3]. Having in mind that 
onions (onion, red onion, garlic) and their skins 
are a good source of various bioactive compounds, 
extraction procedures of quercetin and its glyco-

sides from these plant materials were intensively 
developed and optimized [4–6]. In the literature, 
conventional solvent extraction [7], ultrasound-
assisted extraction (UAE) [5] and microwave-
assisted extraction (MAEx) [8] are commonly used 
for quercetin extraction from the plant materials. 
Various solvents, such as methanol, ethanol, ethyl 
acetate and dimethylformamide, were used to es-
timate their effect on the quercetin yield [7]. Su-
percritical extraction using water was also devel-
oped for quercetin extraction from onion skin, as 
an alternative to extraction by organic solvents [9]. 
Given that quercetin exists in the glycoside and 
aglycone forms, extraction needs to be performed 
in the presence of a mineral acid (e.g. hydrochloric 
acid) to assure hydrolysis of the glycoside bonds.

Antioxidant activity of the onion skin extracts 
was commonly determined using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay. Lee et al. [10] in-
vestigated the antioxidant activity of the extracts 
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Plant material
Red onion (Allium cepa L.) skin was grown in 

Leskovac district in Southeastern Serbia (coor-
dinates: N 42°58’25’’ E 22°04’31’’). The skin was 
dried at room temperature in the dark for 7 days 
to the moisture content of 15 %. This value is in 
accordance with the requests of international 
Pharmacopoeias [13]. When dried under these 
conditions, the organoleptic characteristics of 
plant material are not significantly changed. 
Before standard extraction procedure, the plant 
material was cut in order to increase the surface of 
contact with the solvent.

Procedure for quercetin extraction
The cut plant material (1 g) was transferred 

to the flask of 100 cm3 and treated with acidified 
ethanol solution (pH 1.0) in order to hydrolyse 
the glycoside bonds between quercetin aglycone 
and carbohydrate residue in the molecule of quer-
cetin glycoside. The extraction of quercetin was 
performed under reflux at the boiling point of the 
solvent. A constant temperature was maintained 
using water bath. After extraction, the solid matrix 
was separated from liquid phase by vacuum filtra-
tion using Büchner funnel. About 2 cm3 of the ex-
tract was dried in a laboratory dryer at 105 °C to 
the constant mass of samples in order to define the 
total extractive content. The content of quercetin 
in the extracts was determined by high-perform-
ance liquid chromatography (HPLC) as described 
previously [14].

In this paper, the extraction time, ethanol con-
centration and liquid-to-solid ratio were defined 
as the independent variables of CCD. The CCD 
method consisted of the experimental trials, which 
belonged to the factor design, and the sets of the 
axial and center points. These points actually cor-
responded to the exactly defined combination of 
the process parameters. The analysis of each inde-
pendent variable at two levels was possible based 
on the application of the factor design, while 
the center point considered the combination of 
mean levels of the process parameters of the fac-
tor design. The axial points were almost identical 
with the center point, except that one factor varied 
above and below the mean level of the facto-
rial design. The levels of process parameters were 
coded according to Eq. 1 and they are presented 
in Tab. 1.

𝑋𝑋𝑖𝑖 =
𝑥𝑥𝑖𝑖 − 𝑥𝑥0
∆𝑥𝑥𝑖𝑖

 
 

(1)

where Xi are the coded values (–1.68, –1, 0, +1, 
+1.68) of the independent variables, xi are the 
actual values of the process parameters, x0 is the 

obtained by ethanol, hot water and by subcriti-
cal water extraction. The authors reported that 
the antioxidant activity of ethanol extract was the 
highest compared to the aqueous extract and sub-
critical aqueous extract at 165 °C. However, the 
extract obtained by subcritical water extraction 
at 110 °C had a similar antioxidant activity as the 
ethanol extract. Due to a high antioxidant activity 
[11], onion skin has already found application as 
a dietary supplement to improve the organoleptic 
quality and stability, as well as to extend the shelf-
life of food [12].

The traditional optimization method (one-
factor-at-a-time, OVAT) requires considerable 
amount of time and resources. This method in-
vestigates the effect of one factor at a time, while 
other factors are kept at a constant value. Using 
this approach, the analysis of interactions between 
independent variables is not possible. This limita-
tion of OVAT method can be overcome using the 
Central Composite Design (CCD). CCD is an 
effective statistical technique suitable for optimi-
zation of various processes, characterized by a re-
duced number of experimental trials. making use 
of this benefit, the extraction process of bioactive 
compounds was optimized using CCD. 

The objective of this study was to model and 
optimize the conditions for quercetin extraction 
from red onion skin (Allium cepa L.) using CCD. 
The extract was analysed to evaluate the antioxi-
dative activity and to determine the content of to-
tal flavonoids and polyphenols. Quercetin was also 
isolated from the extract using liquid-liquid extrac-
tion technique and structurally characterized using 
ultraviolet–visible spectroscopy (UV-Vis) and Fou-
rier transform infrared (FTIR) spectroscopy.

MaterIalS anD MethoDS

reagents and chemicals
Quercetin standard (Merck, Darmstadt, Ger-

many), rutin trihydrate standard (purity 97%; 
Alfa Aesar–Johnson Matthey, Heysham, United 
Kingdom), aluminium(III)-cloride, potassium 
acetate, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
butyl hydroxy toluene (BHT), potassium bromide 
spectroscopic purity (Sigma Aldrich, St. Lou-
is, Missouri, USA), Folin-Ciocalteu reagent 
(AppliChem, Darmstadt, Germany), gallic acid 
(purity > 97.5%), sodium carbonate, 96% etha-
nol (MosLab, Belgrade, Serbia), absolute ethanol 
(Alkaloid, Skopje, Macedonia), methanol HPLC 
grade (Avantor Performance Materials, Deventer, 
Netherlands) were used in this study. All other 
reagents were of analytical grade.
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actual value of the center point, ∆xi is the step of 
change.

For modelling of process using CCD, it is 
necessary to perform 2f + 2f + C experiments, 
where f is the number of process parameters and C 
is the number of repetitions of the center point. In 
this paper, the effect of three process parameters 
on the yield of quercetin was analysed, while the 
number of repetitions of the center point was 6. 
In order to model the extraction procedure using 
this approach, it was enough to perform 20 experi-
ments. The repetition of the center point is per-
formed to obtain the statistical parameters of the 
proposed model.

After determination of the content of querce-
tin in the extracts, the data were modelled using 
a second order polynomial equation. A general 
equation of the second order polynomial model 
can be presented in the following way (Eq. 2):

𝑌𝑌 = 𝑎𝑎0 + 𝑎𝑎1𝑥𝑥1 + 𝑎𝑎2𝑥𝑥2 + 𝑎𝑎3𝑥𝑥3 + 
+ 𝑎𝑎11𝑥𝑥12 + 𝑎𝑎22𝑥𝑥22 + 𝑎𝑎33𝑥𝑥32 +  
+ 𝑎𝑎12𝑥𝑥1𝑥𝑥2 + 𝑎𝑎13𝑥𝑥1𝑥𝑥3 + 𝑎𝑎23𝑥𝑥2𝑥𝑥3 + 𝜀𝜀  (2)

where x1, x2, x3 are independent variables; a0 is in-
tercept; a1, a2, a3, a11, a22, a33, a12, a13, a23 are re-
gression coeficients, Y is response and ε is residual 
term.

Statistical analysis
The statistical analysis, i.e. modelling and op-

timization of the extraction procedure, was done 
using the software packages Design Expert 7.0.0 
(Stat Ease, Minneapolis, Minnesota, USA) and 
Statistica 12.0 (StatSoft, Tulsa, Oklahoma, USA). 
The experimental data were analysed by multi-
ple regression analysis using the method of least 
squares. The regression coefficients in the poly-
nomial equation, as well as the effect of process 
parameters on the quercetin yield, were analysed 
using analysis of variance (ANOVA). The terms 
of the polynomial equation were analysed and sta-
tistically verified using F-distribution (p < 0.05) at 
a 95% confidence level. Adequacy of the model 
was estimated based on the calculation of the 

coefficient of determination (R2), the adjusted 
correlation coefficient (R2adj) and the predicted 
correlation coefficient (R2pre). After fitting the 
data, three-dimensional diagrams were construct-
ed for easier observation of the effect of independ-
ent variables on the defined response of system.

The root mean square error (RMSE) was used 
as a measure of CCD model error, which was cal-
culated as follows (Eq. 3).

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = ��𝑦𝑦𝑖𝑖
𝑝𝑝 − 𝑦𝑦𝑖𝑖𝑚𝑚�

2

𝑛𝑛
  (3)

where yi
p is experimental value, yi

m is predicted 
value and n is the number of experiments.

The mean squared error (MSE) was calculated 
according to Eq. 4:

𝑀𝑀𝑀𝑀𝑀𝑀 =
∑�𝑦𝑦𝑖𝑖

𝑝𝑝 − 𝑦𝑦𝑖𝑖𝑚𝑚�
2

𝑛𝑛
  (4)

The mean absolute error (MAE), which repre-
sents the mean value of the subtraction between 
the predicted and experimental values, was ob-
tained using Eq. 5: 

𝑀𝑀𝐴𝐴𝐸𝐸 =
�𝑦𝑦𝑖𝑖

𝑝𝑝 − 𝑦𝑦𝑖𝑖𝑚𝑚�
𝑛𝑛

  (5)

optimization of quercetin extraction
Derringer’s desirability function in the De-

sign–Expert software (Stat-Ease, Minneapolis, 
Minnesota, USA) was used for definition of the 
optimal conditions for quercetin extraction from 
red onion skin. When using this function, the 
general approach is to convert the response (Yi) 
into a dimensionless partial desirability function 
(di) using Eq. 6 [15]:

𝑑𝑑𝑖𝑖 = ℎ𝑛𝑛(𝑌𝑌𝑖𝑖)  (6)

The various desirability functions di were used 
depending on whether a response of the system 
(Yi) had to be maximized or minimized. Maxi-
mization of the response depends on the partial 
desirability function, which depends on the expo-
nent s value. When the value of exponent s is 1, 

tab. 1. Actual and coded levels of process parameters for quercetin extraction from red onion skin.

Process parameters
Uncoded 
variable

Coded 
variable

levels

–1.68 –1 0 +1 +1.68

Extraction time [min] τ X1 5.0 16.2 32.5 48.9 60.0

Ethanol concentration [%] Ce X2 5.0 24.3 52.5 80.7 100.0

Liquid-to-solid ratio [cm3·g-1] ω X3 10.0 24.2 45.0 65.8 80.0
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the desirability function increases linearly toward 
Ti representing the sufficiently large value of the 
response. The function is convex for s < 1, while 
the function is concave for s > 1 (Eq. 7):

𝑑𝑑𝑖𝑖(𝑌𝑌𝑖𝑖) = �
0

�𝑌𝑌𝑖𝑖(𝑥𝑥)−𝐿𝐿𝑖𝑖
𝑇𝑇𝑖𝑖−𝐿𝐿𝑖𝑖

�
𝑠𝑠

1

  
𝑌𝑌𝑖𝑖(𝑥𝑥) < 𝐿𝐿𝑖𝑖

𝐿𝐿𝑖𝑖 ≤ 𝑌𝑌𝑖𝑖(𝑥𝑥) ≤ 𝑇𝑇𝑖𝑖
𝑌𝑌𝑖𝑖(𝑥𝑥) > 𝐿𝐿𝑖𝑖

  (7)

where Li is the lower value, Ui is the upper value 
and Ti is the target value obtained for the re-
sponse, respectively.

If the response of the system should be reduced 
to the minimum value, then its partial desirabil-
ity function is marked as Ti and has a sufficiently 
small value of the response (Eq. 8):

𝑑𝑑𝑖𝑖(𝑌𝑌𝑖𝑖) = �
1

�𝑌𝑌𝑖𝑖(𝑥𝑥)−𝑈𝑈𝑖𝑖
𝑇𝑇𝑖𝑖−𝑈𝑈𝑖𝑖

�
𝑠𝑠

0

  
𝑌𝑌𝑖𝑖(𝑥𝑥) < 𝑈𝑈𝑖𝑖

𝑇𝑇𝑖𝑖 ≤ 𝑌𝑌𝑖𝑖(𝑥𝑥) ≤ 𝑈𝑈𝑖𝑖
𝑌𝑌𝑖𝑖(𝑥𝑥) > 𝑈𝑈𝑖𝑖

  (8)

where Ui is the upper value of the response.
The quercetin content in the extracts of red 

onion skin was maximized in this study.

validation of the optimal conditions and proposed 
models

The developed model equation for prediction 
of quercetin content in the extracts of red onion 
skin was tested at the optimal conditions. In order 
to verify the adequacy of the model, the experi-
mental value of quercetin yield was compared with 
the predicted value.

Determination of total flavonoid content
The content of total flavonoid in the optimal 

extract was determined using spectrophotometric 
method with aluminium(III) chloride [16]. The 
amount of total flavonoid was expressed as grams 
of rutin equivalent (RE) per kilogram of the 
dried extract. A series of rutin solutions was pre-
pared in the concentration range of 1–100 μg·cm-3 
by dilution of the stock solution (100 μg·cm-3 in 
96% ethanol). The samples were prepared by 
addition of 1.5 cm3 of ethanol (96%), 0.1 cm3 of 
aluminium(III)-chloride (10%, w/w), 0.1 cm3 of 
potassium acetate (1 mol·dm-3) and 2.8 cm3 of 
distilled water to 0.5 cm3 of the solution of rutin 
standard. Instead of aluminium chloride, the blank 
solution contained an equivalent amount of dis-
tilled water. After construction of the calibration 
curve, the complex between aluminium(III)-chlo-
ride and the extract was also prepared by taking 
0.5 cm3 of the solution of the extract. The samples 
were incubated at room temperature in quartz 
cuvettes (1 cm × 1 cm base) for 30 min. The ab-

sorbance was measured at 415 nm in a Varian 
Cary 100 spectrophotometer (Mulgrave, Victoria, 
Australia).

Determination of the total polyphenolic content
The total polyphenolic content in the opti-

mal extract was determined according to Folin-
Ciocalteu’s method [17]. The amount of total 
polyphenols was expressed as grams of gallic acid 
equivalent (GAE) per kilogram of the dried ex-
tract. A series of solutions for determination of 
gallic acid was prepared in the concentration range 
of 5–50 μg·cm-3 from the stock solution (1 mg·cm-3 
prepared in 96% ethanol). The samples were ob-
tained by mixing 0.25 cm3 of the sample solution, 
2.25 cm3 redistiled water, 0.25 cm3 Folin-Ciocal-
teu’s reagent and 2.5 cm3 sodium carbonate (7%, 
w/w). The absorbance was measured at 740 nm 
after incubation of 30 min. The recordings were 
performed on the Varian Cary 100 spectropho-
tometer in the quartz cuvettes (1 cm × 1 cm base).

Determination of antioxidant activity
Antioxidant activity of the optimal extract en-

riched with quercetin was determined using DPPH 
assay. The percentage of inhibition of DPPH radi-
cals can be defined based on the change in the 
absorbance at 517 nm. The stock solution of BHT 
(250 μg·cm-3), quercetin (200 μg·cm-3) and the ex-
tract were diluted in order to prepare a series of 
the solutions. The samples (2.5 cm3) were treat-
ed with 1 cm3 of the solution of DPPH radicals 
(3 × 10-4 mol·dm-3), and then incubated in the dark 
at laboratory temperature for 30 min. The absorb-
ance was measured at 517 nm in relation to 96% 
ethanol. The control solution was obtained by di-
lution of the ethanolic solution of DPPH radicals 
(1 cm3) with 96% ethanol (2.5 cm3). The inhibition 
of DPPH radicals was caluculated using Eq. 9 [18]:

𝐼𝐼 =
𝐴𝐴𝐶𝐶 − (𝐴𝐴𝑆𝑆 − 𝐴𝐴𝐵𝐵)

𝐴𝐴𝐶𝐶
  (9)

where I is inhibition of DPPH radicals (in per-
cent), AS is the absorbance of the samples treated 
with DPPH radicals, AB is the absorbance of the 
samples without addition of DPPH radicals, AC is 
the absorbance of the control solution.

Isolation of quercetin
The extract obtained under optimal condi-

tions for quercetin extraction (150 cm3) was 
evaporated to dryness under vacuum by a rota-
tory evaporator at 60 °C. After that, the solid ex-
tract was dissolved in 100 cm3 of boiling distilled 
water under reflux. In order to isolate quercetin 
from the complex mixture, thus obtained aqueous 
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extract was washed with four portion of diethyl 
ether (50 cm3) in a separatory funnel. The upper 
layer of the organic phase was separated from 
the aqueous phase, and then it was evaporated 
under typical atmospheric conditions in order to 
remove diethyl ether. The native quercetin was 
pre-crystallized from distilled water (10 cm3). The 
undissolved residue was filtered through a cellu-
lose membrane filter with the pore size of 0.45 μm 
(Econofilters, Agilent Technologies, Santa Clara, 
California, USA). The filtrate was kept in a re-
frigerator at 4 °C, and the obtained yellow crystals 
were separated from water by filtration. The crys-
tals of quercetin were dried in a desiccator to the 
constant mass and structurally characterized using 
instrumental methods.

Structural characterization of isolated quercetin
The samples of standard and isolated querce-

tin were dissolved in methanol and adjusted to the 
concentration of 5 μg·cm-3. The UV-Vis spectra 
were recorded in the Varian Cary 100 spectropho-
tometer at laboratory temperature in quartz cells 
(1 cm × 1 cm × 4.5 cm) using methanol as a blank 
solution.

FTIR spectra of the standard and isolat-
ed quercetin were recorded in the range of 
4 000–400 cm−1 at the resolution of 2 cm−1 in 
Bomem MB-100 FTIR spectrometer (Hartmann 
and Braun, Quebec, Canada). The apparatus was 
equipped with a standard DTGS/KBr detector 
(Hartmann and Braun). Homogenization of the 
sample (1 mg) and potassium bromide (150 mg) 
was performed in a mortar. After that, the mixture 
was pressured under vacuum in order to obtain 
transparent KBr pellets.

reSultS anD DIScuSSIon

Modelling of quercetin extraction
The quercetin content in the plant extracts was 

defined using the validated HPLC method. The 
calibration curve of quercetin (Eq. 10):

𝐴𝐴370 = 87.84𝐶𝐶𝑄𝑄 −  53.83  (𝑅𝑅2 = 0.996)  (10)

(where A370 is the absorbance at 370 nm, CQ is 
the concentration of quercetin expressed in mi-
crograms per volume centimeters) was linear in 
the concentration range of 5–150 μg·cm-3. The 
obtained coefficient of determination indicat-
ed that 99.6 % of the variation in the peak area 
of quercetin should be explained using the re-
gression model. Limit of detection (LOD) and 
limit of quantification (LOQ) were found to be 
5.02 μg·cm-3 and 15.21 μg·cm-3, respectively.

Extraction of quercetin from red onion skin 
was performed under reflux at the boiling point 
of the used solvent, because this bioactive com-
pound is well soluble in boiling ethanol solution 
[19]. Given that the extraction process depends 
on a great number of process parameters, the 
effect of extraction time, ethanol concentration 
and liquid-to-solid ratio was investigated. CCD 
was used as a mathematical approach for process 
modelling, because the optimal conditions are pos-
sible to be obtained after a lower number of the 
performed experiments compared to the OVAT 
method. In this way, the consumption of all availa-
ble resources was reduced. The main disadvantage 
of the conventional method (OVAT) is optimiza-
tion of one variable at a time, while all other pa-
rameters are constant. Another serious drawback 
of OVAT approach is obtaining of local optimal 
conditions, which are different than global opti-
mal conditions. Using CCD, a great number of the 
process para meters are optimized simultaneously. 
Also, interactions between process parameters can 
be considered using this advanced mathematical 
model. In order to optimize the three extraction 
parameters using CCD method, 20 experiments 
are necessary to be performed. The combination 

tab. 2. Experimental runs for mathematical modelling 
of the extraction process of quercetin from red onion 
skin according to central composite design model.

Std
τ

[min]
Ce
[%]

ω
[cm3·g-1]

Yexp Ypred

[g·kg-1]

5 16.1 24.3 65.8 9.7 9.8
10 60.0 52.5 45.0 21.4 20.5

8 48.9 80.7 65.8 28.5 29.2
2 48.9 24.3 24.2 8.7 9.0

17 32.5 52.5 45.0 17.5 17.4
19 32.5 52.5 45.0 16.8 17.4
15 32.5 52.5 45.0 16.5 17.4

1 16.1 24.3 24.2 6.5 6.4
12 32.5 100.0 45.0 25.6 25.0
18 32.5 52.5 45.0 18.0 17.4
20 32.5 52.5 45.0 17.8 17.4
14 32.5 52.5 80.0 20.3 19.6

9 5.0 52.5 45.0 9.9 9.9
16 32.5 52.5 45.0 17.7 17.4

4 48.9 80.7 24.2 22.6 23.1
6 48.9 24.3 65.8 11.6 12.1

13 32.5 52.5 10.0 11.8 11.6
7 16.1 80.7 65.8 18.9 19.2

11 32.5 5.0 45.0 5.5 5.3
3 16.1 80.7 24.2 12.6 12.7

Std – standard order, τ – extraction time, Ce – ethanol con-
centration, ω – liquid-to-solid ratio, Yexp – experimental value 
of quercetin yield, Ypred – predicted value of quercetin yield.
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of the levels of the extraction parameters are given 
in Tab. 2 according to the CCD matrix. Otherwise, 
a random order of experiments was generated 
by the software. The quercetin yield was in the 
range of 5.5–28.5 g·kg-1 of the dried plant mate-
rial (dpm) for these extraction conditions. The 
obtained values were fitted using a second-order 
polynomial equation.

The significance of equation terms can be 
estimated based on F-distribution (F-test) and 
p-value. The terms were considered significant 
when the p-value was lower than 0.05. The sum of 
squares (SS), degree of freedom (df), mean sum 
of squares (MS), F-value and p-value are given 
in Tab. 3. Mathematical relations that are used 

at ANOVA test (SS, MS, F-value, R2, R2adj) are 
commonly applied in the literature [20, 21]. The 
F-value of lack-of-fit (1.6) was not significant rela-
tive to the pure error (1.79), because its value was 
lower than the critical F-value of 5.05. There was 
a 30.51% chance that this F-value occured, due to 
noise. The predicted determination of coefficient 
R2pred = 0.967 is in good agreement with the ad-
justed determination of coefficient R2adj = 0.988. 
The adequate precision that defined the signal-to-
noise ratio was found to be 49.43. It is desirable 
that this value should be greater than 4, which 
was the case in this study. The MSE value for 
the proposed model was 0.234, while the RMSE 
value was 0.484. The calculated MAE for the re-
gression model was 0.406. These parameters of 
error should be lower during the generation of the 
model.

Based on the obtained statistical parameters, 
it can be concluded that the proposed model can 
predict the quercetin yield without a significant 
deviation from the actual value. In other words, 
this model can be considered as adequate for 
modelling of quercetin extraction from red onion 
skin.

Pareto chart of the standardized effects, gener-
ated by the Statistica 12.0 software, is presented 
in Fig. 1. Based on this chart, it can be easier to 
note the most important factor and interaction 
effects. Each term is significant in the polynomial 
equation, if its value is greater than the reference 
line (p < 0.05). The higher absolute value of the 
standardized effect indicates the higher effect on 
the system response. As can be seen, the linear 
terms of the polynomial equation have the great-
est impact on the quercetin yield. Ethanol concen-
tration has the greatest impact compared to other 
extraction parameters. Also, the impact of extrac-
tion time was almost twice lower than that of the 
ethanol concentration. The smallest effect had the 
liquid-to-solid ratio compared to all other linear 
terms of the equation. The quadratic and interac-
tion effects were also statistically significant terms, 
except for the interaction between the extraction 
time and liquid-to-solid ratio.

The polynomial equation, which describes the 
procedure of quercetin extraction from red onion 
skin, can be presented in the form of the coded 
variables as follows (Eq. 11):

𝑌𝑌 = 17.41 + 3.15𝑋𝑋1 + 5.85𝑋𝑋2 + 
+ 2.39𝑋𝑋3 + 1.94𝑋𝑋1𝑋𝑋2  (11)

This model, converted into the empirical 
model with the actual variables, can be presented 
in the following way (Eq. 12):

tab. 3. ANOVA test 
for the second-order polynomial model.

SS df MS F-value p-value

Model 735.65 9 81.74 174.6 < 0.0001
X1 135.65 1 135.65 289.7 < 0.0001
X2 467.51 1 467.51 998.5 < 0.0001
X3 77.80 1 77.80 166.1 < 0.0001
X1X2 30.03 1 30.03 64.1 < 0.0001
X1X3 0.06 1 0.06 0.1 0.7251
X2X3 4.65 1 4.65 9.9 0.0103
X12 8.63 1 8.63 18.4 0.0016
X22 9.44 1 9.44 20.2 0.0012
X32 5.77 1 5.77 12.3 0.0056
Residual 4.68 10 0.47
Lack-of-fit 2.89 5 0.58 1.6 0.3051
Pure error 1.79 5 0.36

X1 – extraction time, X2 – ethanol concentration, X3 – liquid-to-
solid ratio, Lack-of-fit – model error, Pure error – experimental 
error, SS – sum of squares, df – degree of freedom, MS – 
mean sum of squares.

X X1 3

X X2 3

X32
X12
X22

X X1 2

X3

X1

X2

S  estimate (absolute value)tandardized effect

–0.413822

3.606165

–4.01491

–4.9126

–5.13703

9.163206

14.74822

19.47439

36.15382

p = 0.05

Fig. 1. Pareto chart of the standardized effects.

X1 – extraction time, X2 – ethanol concentration, X3 – liquid-
to-solid ratio.
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𝑌𝑌 = −3.86 + 0.17𝜏𝜏 + 0.12𝐶𝐶𝑒𝑒 + 
+ 0.19𝜔𝜔 + 4.20 × 10−3𝜏𝜏𝐶𝐶𝑒𝑒 + 
+ 1.30 × 10−3𝐶𝐶𝑒𝑒𝜔𝜔 − 2.90 × 10−3𝜏𝜏2 − 

− 1.01 × 10−3𝐶𝐶𝑒𝑒2 − 1.46 × 10−3𝜔𝜔2  (12)

Only the statistically significant terms deter-
mined by analysis of variance (ANOVA test) are 
given in the equations. The negative sign of re-
gression coefficient in the polynomial equation in-
dicates that this term has a negative effect on the 
quercetin yield. The effect of a term of the polyno-
mial equation is higher with increasing the abso-
lute value of the regression coefficient.

The normal probability plot of residuals is pre-
sented in Fig. 2. The obtained functional depend-
ency indicates that the residues have a normal 
(or Gaussian) distribution, since the plot follows 
a straight line with a minimum deviation. This be-
haviour confirms the adequacy of the proposed 
model for the design space.

Three-dimensional diagrams are of significant 
importance for consideration of the effects of the 
process parameters on the system response. The 
three-dimensional diagrams, representing the in-
teraction effect between the process parameters, 
were generated in Statistica 12.0 software. The 
effect of extraction time and ethanol concentra-
tion on the quercetin yield at the liquid-to-solid ra-
tio of 45 cm3·g-1 is shown in Fig. 3A. It can be seen 
that the quercetin yield was higher for longer ex-
traction times and higher ethanol concentrations. 
The effect of extraction time was especially evi-
dent at ethanol concentrations higher than 60 %. 
The area of the highest quercetin yield was no-
ticed for the extraction times longer than 35 min 
using ethanol concentrations higher than 60 %. 
This behaviour was expected because quercetin is 
a bioactive compound well soluble in alcohol [22].

The impact of extraction time and liquid-
to-solid ratio using 52.5% ethanol is shown in 
Fig. 3B. The quercetin content in the extract in-
creased with increasing the extraction time and 
liquid-to-solid ratio. Based on the ANOVA test, 
the interaction between these process parameters 
was presented as a statistically insignificant term 
of the polynomial equation. This justified omission 
of this statistically insignificant term from the 
poly nomial equation in order to improve the pre-
diction ability of the model. The impact of this in-
teraction on the quercetin content in the red onion 
skin extract was insignificant. The surface shape 
indicates that a strong interaction exists between 
the observed process parameters. The trend of 
increasing the quercetin yield with increasing the 
liquid-to-solid ratio is almost identical for shorter 

and longer extraction times. Otherwise, the im-
pact of extraction time on the quercetin yield was 
similar at the lower and higher liquid-to-solid ra-
tios. In this study, the higher liquid-to-solid ratios 
were used in order to improve better soaking the 
plant material. Saturation in the increase of quer-
cetin content was achieved at the extraction time 
of 50 min and liquid-to-solid ratio of 60 cm3·g-1.

The three-dimensional response surface in 
Fig. 3C illustrates the interaction effects of etha-
nol concentration and liquid-to-solid ratio on the 
extraction yield of quercetin when the extraction 
time is 32.5 min. The effect of ethanol concentra-
tion was expressed at liquid-to-solid ratios higher 
than 50 cm3·g-1. The change of liquid-to-solid ratio 
had no significant effect at lower ethanol concen-
trations. This influence was more pronounced for 
ethanol solutions with concentrations greater than 
80 %.

optimization of the procedure for quercetin 
extraction

The procedure for quercetin extraction from 
red onion skin was optimized using numerical 
optimization method. The obtained optimal con-
ditions for quercetin extraction were: extraction 
time of 47.3 min, 80% ethanol acidified by hydro-
chloric acid to pH 1.0, and liquid-to-solid ratio of 
63.9 cm3·g-1. The quercetin content in the optimal 
extract predicted by CCD model was found to be 
28.5 g·kg-1 dpm, while the experimental value was 
29.0 g·kg-1 dpm. The model error during predic-
tion of quercetin yield under these conditions was 
1.7 %. Agreement between the predicted and ex-
perimental values of the response indicated a good 
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ability of the model to predict the quercetin yield 
for the given experimental conditions.

Jin et al. [4] optimized various procedures 
(conventional solvent extraction, UAE and 
MAEx) for quercetin extraction from red onion 
skin using response surface methodology (RSM). 
The highest quercetin yield was obtained under 
the following extraction conditions: the extraction 
time of 16.5 min, the temperature of 59.2 °C and 
59.3% ethanol for the conventional solvent extrac-
tion; the extraction time of 117 s, 69.7% ethanol 
in MAEx; the extraction time of 21.7 min, the 
power of 606.4 W and 43.8% ethanol for UAE. 
The most productive extraction procedure for 
quercetin extraction was the MAEx with the yield 
of 4.84 g·kg-1, while the slightly lower yield was 
achieved at the ultrasonic-assisted (3.76 g·kg-1) 
and conventional solvent extraction (3.42 g·kg-1). 
Jang et al. [5] also optimized the procedure of 
UAE of quercetin from the solid waste of on-
ion using ethanol solution. They showed that the 
ethanol concentration (40–80 %) and extraction 

temperature (40–60 °C) had the highest effect on 
the quercetin yield, while the effects of pH (2–6) 
and extraction time (15–35 min) were significantly 
lower. Under the optimal extraction temperature 
of 49 °C using 59% ethanol, the quercetin yield 
was found to be 11.08 g·kg-1 with the solid waste 
of onion.

Comparing the literature data with the ob-
tained quercetin yield, it can be concluded that the 
acidified ethanol solution and red onion skin are 
the right choice for the extraction of this bioactive 
compound. In this study, the quercetin yield was 
several fold higher than the data obtained in other 
available studies. The main contribution of this pa-
per is the simple extraction procedure and the use 
of the plant material, which has a higher content 
of quercetin.

Determination of total flavonoids and polyphenols
The calibration curve of rutin was constructed 

in order to determine the content of total flavo-
noid in the extract of red onion skin. The equation 

Fig. 3. Effect of extraction parameters on quercetin yield.

A – interaction between extraction time and ethanol concentration at the liquid-to-solid ratio of 45 cm3∙g-1, B – interaction 
between extraction time and liquid-to-solid ratio using 52.5% ethanol, C – interaction between ethanol concentration and liquid-
to-solid ratio for 32.5 min of extraction.
Quercetin yield is expressed per kilogram of the dried plant material.
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of calibration curve (Eq. 13):

𝐴𝐴415 = 0.008𝐶𝐶𝑅𝑅 + 0.07  (𝑅𝑅2 = 0.999)  (13)

(where A415 is the absorbance at 415 nm expressed 
in absorption units, CR is the concentration of 
rutin expressed in micrograms per volume centi-
metres) was linear in the concentration range of 
1–100 μg·cm-3. LOD for this method was found 
to be 1.89 μg·cm-3, while LOQ was found to 
be 5.71 μg·cm-3. The total flavonoid content of 
30.1 g·kg-1 with the dried extract (expressed as 
RE) was determined using this calibration curve.

The equation of calibration curve for gallic 
acid (Eq. 14):

𝐴𝐴740 = 0.05𝐶𝐶𝐺𝐺𝐺𝐺 − 0.12  (𝑅𝑅2 = 0.997)  (14)

(where A740 is the absorbance at 740 nm, CGA is 
the concentration of gallic acid expressed in mi-
crograms per volume centimetres) was used for 
determination of the polyphenol content in the 
extract. LOD was 2.21 μg·cm-3, while LOQ was 
7.36 μg·cm-3. A linear calibration curve for gal-
lic acid was obtained in the concentration range 
of 5–50 μg·cm-3. The determined content of 
polyphenols was 53.82 g·kg-1 with the dried ex-
tract (expressed as GAE). Makris and kefaLas 
[23] confirmed that the extraction of polyphenols 
from onion solid wastes follows the second order 
kinetics. Also, the yield of total polyphenols was 
21.10 g·kg-1 the dry weight in the extract obtained 
using 0.1% HCl in 60% (v/v) aqueous ethanol at 
40 °C. Based on this results, it can be concluded 
that the polyphenolic content in the dried extract 
obtained in this paper was higher compared with 
the literature data.

Determination of antixidant activity
The antioxidant activity of the quercetin 

standard, synthetic antioxidant BHT and extract 
obtained under the optimal conditions was de-
teremined using DPPH assay. The functional de-
pendency between the inhibition of free DPPH 
radicals and concentration of the samples is pre-
sented in Fig. 4.

The investigation of antioxidant activity of 
BHT was done in the concentration range of 
0.25–0.0078 mg·cm-3. The half-maximal inhibi-
tory concentration (IC50) value of 36.6 μg·cm-3 
for this substance was determined by interpola-
tion. Ethanol solutions of the red onion skin ex-
tract were prepared in the concentration range 
of 6.1–98.4 μg·cm-3, and the calculated IC50 value 
was found to be 24.6 μg·cm-3. The activity of quer-
cetin was investigated in the concentration range 
of 0.003–0.200 mg·cm-3, while its IC50 value was 
10.4 mg·cm-3. The lower IC50 value of the in-

vestigated sample indicated the better ability to 
“scavenge” free radicals or the better antioxidant 
activity. The IC50 value was the lowest for querce-
tin standard compared to other samples. The ex-
tract of red onion skin had a slightly lower activity. 
The concentration necessary to inhibit 50% of the 
initial concentration of free DPPH radicals was 
almost two times lower than the quercetin con-
centration. The lowest antioxidant activity had the 
synthetic antioxidant BHT. The highest percent-
age of inhibition of 80 % was achieved at the BHT 
concentration of 0.12 mg·cm-3. The percentage of 
DPPH radicals inhibition of 93 % was the highest 
for quercetin standard at the concentration of 
0.05 mg·cm-3. The total inhibition of DPPH radi-
cals was achieved using the extract at the concen-
tration of 0.1 mg·cm-3.

The ability of quercetin to “scavenge” the free 
DPPH radicals can be attributed to: (1) ortho-ca-
techol group in the B ring, which provides a high 
stability of the formed radicals, (2) conjugation of 
the B ring to the 4-oxo group via 2,3-double bond, 
which provides delocalization of the electrons and 
(3) the hydrogen bonds between the 3- and 5-OH 
groups and the 4-oxo group, which provide delo-
calization from 4-oxo group to both substituents. 
These functional groups provide better delo-
calization of the electrons, and therefore provide 
a higher stability of aroxyl radicals.

Structural characterization of isolated quercetin
The isolated quercetin was structurally cha-

racterized using UV-Vis and FTIR spectros-
copy methods. The maximum absorption for 
both samples was determined in the ranges 
210–220 nm, 250–255 nm and 360–370 nm. The 
absorption between 210–220 nm (primary band) 
and 250–255 nm (secondary band) originated from 
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forbidden π→π* transitions. The n→π* transi-
tion in the structure of quercetin was also noticed 
between 360 nm and 370 nm. The obtained results 
indicated that these spectra are in good agreement 
with each other.

The FTIR spectrum of quercetin standard 
is presented in Fig. 5A. The broad bands at 
3 425 cm-1, 3 380 cm-1 and 3 292 cm-1 originate 
from the valence vibrations n(O-H). The intensive 
band at 1 671 cm-1 is the result of valence vibra-
tion of free ketone group (C=O) [24]. The band 
at 1 615 cm-1 belongs to the n(C=O) vibration. 
This group is included in the formation of hydro-
gen bonds with OH groups in the position 3 and 
5, which results in the frequency decrease of C=O 
and OH valence vibrations. Due to the formation 
of hydrogen bonds, quercetin has two forms in the 
solid state. The structure of quercetin with intra 
hydrogen bonds is more abundant than the struc-
ture with the free ketone group. In the spectrum, 
bands of valence vibration n(C-O) as well as defor-
mation vibration d(C-OH) at 1 363 cm-1, 1 316 cm-1 
and 1 244 cm-1 can be also noticed.

The spectrum of isolated quercetin (Fig. 5B) 

has the same bands as the spectrum of quercetin 
standard. The main difference between these spec-
tra is in the intensity of the bands. The spectrum 
of quercetin standard has higher band intensity 
compared to the spectrum of isolated quercetin. 
The characteristic bands of quercetin at 3 434 cm-1 

of n(O-H), at 1 656 cm-1 of free ketone group, 
1 608 cm-1 of n(C=O), 1 382 cm-1 and 1 295 cm-1 

of n(C-O) and d(C-OH) can be also noticed in this 
spectrum.

concluSIon

The procedure of quercetin extraction from red 
onion skin was modelled using the reduced second 
order polynomial equation. Based on the ANOVA 
test, it can be concluded that the highest effect had 
ethanol concentration, followed by the extraction 
time and liquid-to-solid ratio. The content of total 
flavonoids and polyphenols was determined in the 
extract obtained under the optimal conditions for 
quercetin extraction. The contents of total flavo-
noid (30.1 g·kg-1 with the dried extract, expressed 

Fig. 5. Fourier transform infrared spectra of standard and isolated quercetin.

A – standard, B – isolated quercetin.
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as RE) and total polyphenol (53.82 g·kg-1 the 
dried extract, expressed as GAE) were determined 
by spectrophotometric methods with alumiunium 
chloride and Folin-Ciocalteu reagents, respec-
tively. Based on the DPPH assay, it was confirmed 
that the extract of red onion skin enriched with 
quercetin had better antioxidant activity compared 
to the synthetic antioxidant BHT. The structure 
of isolated quercetin was confirmed using UV-Vis 
and FTIR spectrophotometry methods based on 
the comparison with quercetin standard.
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