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Abstract
In this study, a rapid and efficient method has been used for the extraction and determination of morin and quercetin in 
fruit juice samples based on air-assisted liquid-liquid microextraction based on solidification of floating organic droplet 
and HPLC-UV. The effects of 7 important parameters on the extraction recovery were examined and were optimized by 
Plackett-Burman design and Central Composite design. According to the Plackett-Burman design results, ionic strength 
of the sample solutions, the aspiration/dispersion cycles, and the rate and time of centrifuge did not show significant ef-
fects on the extraction of morin and quercetin. The optimized conditions of extraction were as follows; the volume of the 
extraction solvent of 83.6 µL, pH of 4.34 for the sample, and 1-undecanol as extraction solvent. Under these conditions, 
the linear calibration curve was in the ranges of 1–1000 ng/mL and 0.5–1000 ng/mL for morin and quercetin, respec-
tively, with the determination coefficient values above 0.99. The limit of detection of morin and quercetin was 0.3 and 0.2 
ng/mL, respectively. The extraction recoveries for 10 ng/mL of morin and quercetin were 98.9% and 96.5%, respectively; 
while, relative standard deviations (n = 3) were lower than 3.2%. 

Keywords: Morin; quercetin; fruit juices, air-assisted liquid–liquid microextraction based on solidification of floating 
organic droplet; HPLC

1. Introduction

Flavonoids are an important group of natural poly-
phenolic compounds, which are the essential plant metab-
olites with antioxidant activity.1 Morin (MR) and querce-
tin (QR) are isomeric antioxidant flavonols widely 
distributed in fruits and vegetables.2 Studies have shown 
that MR has numerous pharmacological activities such as 
coronary artery disease prevention, inhibition of prolifera-
tion of tumors, antioxidant, anticancer, anti-inflammatory, 
as well as free radicals scavenging activity.3 It has been 
published that QR has several biological properties in the 
inhibition of human diseases, such as cancer, ulcer, diabe-
tes, cataract, and allergies.4

Based on these activities, many investigations have 
been undertaken to determine QR and MR in recent de-
cades. Several techniques including high-performance liq-

uid chromatography (HPLC),5-7 thin-layer chromatogra-
phy (TLC),8 gas chromatography (GC),9 micellar 
electrokinetic chromatography (MEKC),10 capillary elec-
trophoresis (CE),11 and electrochemical methods12 have 
been employed for the determination of MR and/or QR in 
various samples. 

Due to the low concentration of the target compounds 
in the samples and the complexity of the real sample, the 
sample preparation step plays a crucial role in the analysis 
of QR and MR. Thus, the extraction methods including sol-
id-phase extraction (SPE),13-14 dispersive micro-solid-phase 
extraction,15 liquid-liquid extraction (LLE),16 molecularly 
imprinted polymer (MIP),17 and inverted dispersive liq-
uid-liquid microextraction (IDLLME)18 have been utilized 
for the preconcentration of MR or/and QR.

Conventional sample preparation techniques for the 
preconcentration of flavonoids are based on SPE and 
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LLE.16 These techniques are inadequate for the analysis of 
the fruit juice samples due to the high consumption of 
dangerous and expensive organic solvents and time-con-
suming processes. Thus, various microextraction tech-
niques were masterminded to overcome SPE and LLE dis-
advantages.

In 2006, Rezaee et al. developed a method based on 
the LPME method called dispersive liquid-liquid microex-
traction (DLLME). It was widely used because of its ad-
vantages like simplicity, high enrichment factor, and low 
costs. In DLLME, a three-phase solvent system including 
the extraction solvent, the aqueous solution sample, and 
the organic disperser solvent is used.19 Despite the previ-
ously mentioned advantages, DLLME is not considered a 
biocompatible method because it uses a disperser solvent 
and toxic organic extractants such as dichloromethane, 
carbon tetrachloride, and chloroform. The DLLME-SFO 
method was introduced in 2007.20 In this method, solvents 
with the melting points near the room temperature and 
less toxicity were used. However, using the organic dis-
perser solvent in this method can increase the consump-
tion of the dangerous solvent. To solve this problem, these 
methods were replaced by methods such as VALLME21 
and USAEME22 that do not have the disperser solvent. 
These methods use vortex or ultrasonic waves to help the 
distribution of the organic phase in the aqueous solution. 
The AALLME method is another transformation that has 
been done on the DLLME method.

In 2012, AALLME method was introduced by Fara-
jzadeh et al. to improve the performance of the extraction 
techniques.23 This method does not use the disperser sol-
vent. After the injection of the extraction solvent, the mix-
ture is sucked into one glass syringe and then injected in 
the sample tube repeatedly. Equilibrium is achieved quick-
ly due to this process and the analyte to carry from the 
aqueous phase to the organic phase which is one of its 
main advantages. In this method, the production of a high 
number of tiny droplets of organic solvent in water leads to 
the increase in mass transfer; as a result, the extraction ef-
ficiency increases. Comparing AALLME with other 
DLLME methods indicates that this is more easy, efficient, 
and simple.24 This method has been recently used for the 
preconcentration of aromatic amines in the aqueous sam-
ple,25 tricyclic antidepressant drugs,26 azathioprine,27 bi-
sphenols, parabens, benzophenones, triclosan, and triclo-
carban in human urine,28 benzophenone,29 and toxic 
heavy metals in food sample.30

The purpose of our study was to investigate the appli-
cability of AALLME-SFO technique as a simple and fast 
method for the extraction of MR and QR from fruit juice 
samples and their analyses by RP-HPLC-UV. The disperser 
solvent was not used in this method. Also, the harmful ef-
fects of the toxic organic solvents on the operator and envi-
ronment are decreased by replacing the heavy-density chlo-
rine solvents with lighter and less toxic solvents. In addition, 
using the aeration method to increase the dispersion of the 

extraction solvent in the aqueous sample reduced the cost 
and the probability of the sample destruction. Also, it makes 
the process simpler compared to the ultrasonic or vortex. 
The fast injection of air into the sample solution has de-
creased the equilibration time. The main advantages of the 
proposed method are the simultaneous extraction of flavo-
noids in a short time along with high recovery, low detec-
tion limit, and low-cost. According to our knowledge, no 
usage of AALLME-SFO in the extraction of MR and QR 
from fruit juice samples has yet been reported. The effective 
factors were optimized in two stages by PBD and response 
surface methodology using the CCD. Also, this method was 
applied to several real samples. 

2. Experimental
2. 1. Chemicals and Materials

Quercetin (≥98%), 1-dodecanol and 2-dodecanol 
were obtained from Sigma–Aldrich (Steinheim, Germany). 
Standard of morin (≥98%), methanol (HPLC-grade), 1-un-
decanol, n-hexadecane, phosphoric acid, tetrahydrofuran 
(THF), and sodium chloride (98%) were purchased from 
Merck (Darmstadt, Germany). DDW was utilized for the 
preparation of the mobile phase, which was filtered through 
a 0.45 m filter (Millipore membranes, Bedford MA, USA). 
The stock solution (100 mg/L) was prepared in methanol 
and stored at 4 °C. The working solutions were prepared 
daily by diluting the standard solution with DDW.

2. 2. Instrumentation and Conditions
Separation and detection were carried out by a Wa-

ters HPLC system equipped with a 1525 pump and a mod-
el 2487 UV detector set at 275 nm (Milford, MA, USA), 
7725i manual injector (Cotati, CA, USA) fitted with a 20 
μL loop. The isocratic elution was done at a flow rate of 
1.0 mL/min on a C18 (250 mm × 4.6 mm, 10 μm) column 
from Dr. Maisch GmbH (Beim Brueckle, Germany). The 
mobile phase consisted of methanol, 0.4% phosphoric 
acid, and THF (40:59.7:0.3, v/v/v). For the adjustment of 
sample solution pH, a 3030 Jenway pH meter was used. A 
Hettich centrifuge model Universal 320 (Kirchlengern, 
Germany) was utilized to accelerate the phase separation.

2. 3. Extraction Procedure
Initially, 9 mL of the aqueous solution sample (con-

taining 0.5 mg/L of each analyte) was added to a centrifuge 
tube. Then 100 µL of 1-undecanol was injected into the 
aqueous sample by applying a syringe. The process of suck-
ing out the mixture and rapidly injecting it was done sev-
eral times. A cloudy solution was formed, and the com-
pounds were extracted. The cloudy solution was then 
centrifuged at 5000 rpm for 5 min to separate the phases. 
Then the sample vial was placed in a beaker containing ice 
for 5 min and 1-undecanol was solidified accordingly. The 
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solid solvent was transferred into a conical vial by spatula, 
where it rapidly melted.31 Finally, 20 µL of the sample was 
injected into the HPLC-UV system.

2. 4. Real Samples Preparation
Fresh apple, orange, red grape, peach, and commer-

cial apple juice were purchased at a local supermarket. Ap-
ple, orange, red grape, and peach samples were placed in a 
commercial juice extractor. The resulted fruit juice sam-
ples and commercial apple juice were centrifuged for 15 
min at 5000 rpm, and the supernatants were filtered. Final-
ly, the pH of samples was adjusted to 4.3 using HCl 1 
mmol/L and the extraction process was undertaken ac-
cording to section 2.3.

2. 5. Optimization Strategy
In order to obtain the most desirable extraction con-

ditions, various experimental parameters were investigated 
which according to past studies can potentially affect the 
extraction performance, such as type and volume of the ex-
traction solvent, pH of the solution, amount of salt, number 
of extractions, and rate and time of the centrifuging process. 
These parameters were evaluated to select and determine 
the significant parameters to obtain the highest total peak 
areas. In the first step, PBD was used for screening the pa-
rameters and selecting the effective experimental factors. 
Then, RSM based on CCD was applied to determine the 
optimized point. The statistical analysis and experimental 
design were done by Minitab software. Also, it is essential to 
say that all the experiments were done three times.

3. Results and Discussion
The extraction recovery (ER) was applied to evaluate 

the extraction performance. The ER is calculated via the 
following equation:

						       (1)

Where Vaq and Vo are the volumes of the aqueous 
and organic phases, respectively. EF is calculated accord-
ing to the ratio of the final concentrations of analyte in the 
floating phase (Co) to its initial concentration in an aque-
ous sample (Caq).

                 					      (2)

3. 1. Selection of Extraction Solvent
The selection of an appropriate extraction solvent is 

crucial in the optimization of the AALLME-SFO process 

because of the effects of its physical and chemical proper-
ties. In this study, the extraction solvent must have special 
features, such as lower density than water, low water solu-
bility in order to be stable at the extraction period and to 
extract analytes well. Therefore, several extraction sol-
vents, including 1-dodecanol, n-hexadecane, 1-undecanol, 
and 2-dodecanol were investigated. According to the re-
sults for three repeats, which are shown in Fig. 1, 1-unde-
canol showed the highest peak area for MR and QR com-
pared to other solvents. This may be because of the good 
dispersion of this solvent in the aqueous sample and/or its 
hydrophobicity similar to the analytes. Hence, 1-undeca-
nol was chosen as the extraction solvent for subsequent 
experiments.

3. 2. Screening of Significant Variables 
The PBD was used to screen the effective factors 

among the previously mentioned six experimental factors. 
PBD is based on the first-order polynomial model and 
does not define the exact value. It is an advantageous 
method for the quick search of the effective variables and 
calculation of their main effects in fewer experiments.32 
Each of these factors was investigated at two levels. The 
experimental design included 12 experiments that were 
done. The sum of the peak areas was applied as the corre-
sponding response to investigate the extraction in various 
conditions. The levels of factors were chosen according to 
the previous trials and 12 experiments were randomly 
done to avoid the uncontrollable errors. The main effects 
were determined by the analysis of variance (ANOVA) and 
the effective factors on the extraction were identified by 
the Pareto chart with the confidence level of 95% (Fig. 2). 
The bars beyond the line are related to the significant ef-
fects. Based on these results, pH was identified as the most 
effective factor with a negative effect. The volume of the 
extraction solvent was considered as the second most ef-
fective factor after pH. Therefore, these two factors were 
chosen for CCD in the next step. The level of the other 
factors was selected according to the previous experiment. 
Thus, in the following experiments, the number of ex-

Figure 1. Selection of the extraction solvent used in the microex-
traction of morin and quercetin (n = 3).
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tractions, the amount of salt, the rate and time of centri-
fuge were set at 15 cycles, 0 mg/mL, 5000 rpm, and 8 min, 
respectively.

3. 3. Optimization of Extraction Conditions
To achieve the proper response surface for the ex-

traction of MR and QR with the AALLME-SFO method, 
CCD was used. To determine the optimal point in this 
method, it is necessary to examine the effect of each fac-
tor on the five levels coded as α, -α (axial points), 1,-1 
(factorial points), and 0 (central point). The significant 
factors and their levels are shown in Table S1. The follow-
ing equation calculates the number of experiments (N) in 
CCD:

						       (3)

In this equation, K and Cp are the number of the fac-
tors and repetitions of the experiments in the central point, 
respectively. Table S2 shows the design matrix. Also, the 
trials were carried out randomly to decrease the effects of 
uncontrolled variables. The results of the CCD method 
were evaluated by ANOVA at 95% confidence level (Table 
1). The p-value for the LOF of the model was 0.291, thus, 
LOF was not significantly related to the pure error. Thus, 
the best second-order equation that matched the data was 
achieved as follows:

						      (4)

The coefficient of determination (R2) value for this 
model was 92.6%, which showed that this model could ex-
plain 92.6% of the variability of the responses. The response 
surface of the experiments according to the above model is 
shown in Fig. 3. The response surfaces showed that by in-
creasing the amount of pH, the response increases accord-
ingly. Also, by increasing the volume of 1-undecanol, the 
response will fluctuate (first increases and then decreases). 

Figure 2. Pareto chart of the main effects obtained from the Plackett–Burman design.

Table 1. Analysis of Variance (ANOVA) of CCD 

	 Source	 DF	 Adj SS	 Adj MS	 F-Value	 P-Value

	 X1	   1	 34564032309 	 34564032309 	 168.38	 0.000
	 X2	   1	   3144553668  	   3144553668  	   15.32	 0.006
	 X1

2	   1	 44331878523 	 44331878523 	 217.87	 0.000
	 X2

2	   1	     437028613  	     437028613  	     2.13	 0.188
	 X1 X2	   1	   7934444700  	   7934444700  	   38.65	 0.000
	Residual Error	   7	   1436943011  	     205277573		
	 Lack-of-Fit	   3	     819802309  	     273267436  	     1.77	 0.291
	 Pure Error	   4	     617140703  	     154285176		
	 Total	 12	 91848880824			 

Figure 3. The response surface plots for the peak area as a function 
of the pH of the sample solution and volume of extraction solvent.



1096 Acta Chim. Slov. 2020, 67, 1092–1099

Fallah and Hadjmohammadi:   Determination of Morin and Quercetin   ...

Therefore, the optimal values for pH and the volume of 
1-undecanol were obtained as 4.34 and 83.6 µL, respective-
ly. To evaluate the predicted optimum conditions, the ex-
periment was replicated three times and the average of ERs 
was satisfactorily consistent with the predicted results.

3. 4. Method Validation
The analytical performance of this method including 

RSD, LOD, LOQ, the recovery of extraction (ER), the linear 
range (LR), and the enrichment factor (EF) was studied by 
plotting the calibration curves for the MR and QR samples, 
and the further calculations were done about them. The lin-
ear range was investigated for each sample solution, and it 

was in the range of 1-1000 ng/mL for MR and 0.5–1000 ng/
mL for QR with R2>0.99 for both compounds, respectively. 
The LODs of MR and QR at the signal-to-noise ratio of 3 (S/
N=3) were calculated as 0.3 and 0.2  ng/mL, respectively. 
The LOQ was calculated based on the signal-to-noise ratio 
of 10 (S/N=10). The RSDs (n = 3) were calculated as lower 
than 3.2% for 10 ng/mL of MR and QR. Their values are 
suitable and confirm the application of this technique. The 
analytical performance results are shown in Table 2. 

3. 5. Analysis of the Real Samples
To investigate the applicability of the proposed 

method for determining flavonoids in real samples, apple, 

Table 2. Analytical performance of AALLME-SFO for the determination of morin and quercetin

	
Sample

					                                         RSD (%) 	
		  LOD (ng/mL)	 LOQ (ng/mL)	 LR (ng/mL)	 R2	 Intra-day (n = 3)	 Intra-day (n = 3)	 EF	 ER%

	 morin	 0.3	 0.9	    1–1000	 0.996	 2.6	 3.2	   106.5	 98.9
	quercetin	 0.2	 0.6	 0.5–1000	 0.999	 1.7	 2.2	 104	 96.6

Table 3. The application of presented method for the determination of morin and querectin in fruit juices samples

	 Sample	 Analyte	 Cadded    (ng/mL)	 Cfound    (ng/mL)	 RSD% (n = 3)	 RR %

		  morin	 –	 7.3	 –	 –
			   10	 17.1	 2.4	 97.5
	 Apple juice		  30	 36.0	 3.0	 95.7
		  querectin	 –	 9.7	 –	 –
			   10	 18.6	 2.8	 89
			   30	 37.5	 2.1	 92.7

		  morin	 –	 6.7	 -	 -
			   10	 16.3	 3.1	 96.2
	Red grape juice		  30	 34.7	 2.7	 93.3
		  querectin	 –	 12.7	 –	 –
			   10	 22.5	 3.3	 98
			   30	 41.8	 2.9	 97

		  morin	 –	 N.D	 –	 –
			   10	 9.9	 3.6	 99.5
	Commercial apple juice		  30	 27.3	 3.4	 91
		  querectin	 –	 N.D	 –	 –
			   10	 8.8	 3.1	 87.8
			   30	 27.6	 3.7	 92.1

		  morin	 –	 14.5	 –	 –
			   10	 24.0	 3.5	 95
	 Orange juice		  30	 42.8	 3.4	 94.2
		  querectin	 –	 8.6	 –	 –
			   10	 18.3	 3.7	 96.8
			   30	 38.3	 2.8	 99

		  morin	 –	 N.D	 –	 –
			   10	 9.6	 2.6	 96.4
	 Peach juice		  30	 28.7	 3.2	 95.7
		  querectin	 –	 1.8	 –	 –
			   10	 12.0	 3.6	 102
			   30	 29.8	 3.3	 93.2
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commercial apple, red grape, peach, orange, and commer-
cial apple juice samples were studied under the optimized 
conditions. The determination of morin and quercetin was 
carried out by the standard addition method. The samples 
were spiked with standards at three levels, extracted, and 
eventually analyzed by HPLC (Table. 3). The relative re-
covery (RR) of MR and QR was calculated as follows:

						       (5)

where Cfound and Creal are the concentration of analyte after 
adding a known amount of the standard to the real sample, 
and the initial concentration of the analyte in the real sam-
ple, respectively. Cadded also represents the spiked standard 
concentration in the real sample. The analytical results are 
shown in Table 3. Regarding the complexity of the matrices 
studied, the extraction recoveries for MR and QR were com-
patible with those values of the standard that was added to 
the samples; while, the RSDs (n = 3) were lower than 3.7%. 
Fig. 4 shows the obtained chromatograms for each sample. 

Figure 4. Typical chromatograms of (a) orange sample; (b) spiked orange sample; (c) apple sample; (d) spiked apple sample; (e) commercial apple 
sample ; (f) spiked commercial apple sample. HPLC conditions and experimental details were described in the text. Samples were spiked with 10 ng/
mL of MR and QR. MR = morin and QR = quercetin.
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According to Table 4, a comparison between the 
AALLME-SFO-HPLC-UV method and the other reported 
techniques for the extraction and determination of MR 
and QR indicates that the present method reveals low 
LOD, desirable linear range, and high extraction recovery. 
Furthermore, AALLME-SFO is a simple, inexpensive, and 
fast method for the preconcentration and extraction of QR 
and MR from fruit juice samples.

3. 6. Conclusion
Affecting parameters on AALLME-SFO-HPLC-UV 

were optimized through CCD and the results showed that 
this method is applicable for the extraction, preconcentra-
tion, and determination of morin and quercetin in fruit 
juice samples. This technique is less harmful and, therefore, 
is more environmentally friendly than the conventional 
DLLME methods due to the use of low-density extraction 
solvent and non-consumption of the organic disperser sol-
vent. Moreover, the possibility of a fast injection of air into 
the sample solution increases the surface contact between 
the extraction solvent and analytes. Fast equilibration of the 
extraction is another advantage of this method. The exper-
imental results showed high recoveries, low detection lim-
its, wide linearity range, simplicity of the extraction, and 
inexpensive and rapid extraction which make it useful to 
determine morin and quercetin in fruit juice samples.

Abbreviations:
AALLME-SFO, air-assisted liquid-liquid microex-

traction based on solidification of floating organic droplet; 

ANOVA, analysis of variance; CCD, Central Composite de-
sign; DDW, double distilled/deionized water; DLLME-SFO, 
dispersive liquid-liquid microextraction based on solidifi-
cation of floating organic droplet; EF, enrichment factor; 
ER, extraction recovery; IDLLME, inverted dispersive liq-
uid–liquid microextraction; LOD, limit of detection; LOF, 
lack of fit; LOQ, limit of quantification; LR, linear range; 
LLE, liquid-liquid extraction; LPME, liquid-phase microex-
traction; MIP, molecularly imprinted polymer; PBD, Plack-
ett-Burman design; RE, recovery of extraction; RPM, 
rounds per minute; RR, relative recovery; RSD, relative 
standard deviation; RSM, response surface methodology; 
SPE, solid-phase extraction; TBP, tributyl phosphate; THF, 
tetrahydrofuran; USAEME, ultrasound-assisted emulsifica-
tion-microextraction; VALLM, vortex-assisted liquid–liq-
uid microextraction.
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Povzetek
V tej študiji smo uporabili hitro in učinkovito metodo za ekstrakcijo in določitev morina in kvercetina v vzorcih sadnih 
sokov. Metoda je osnovana na mikroekstrakciji tekoče-tekoče s pomočjo zraka in strjevanja plavajoče kapljice topila, ter 
HPLC-UV. Učinek 7 pomembnih parametrov na izkoristek ekstrakcije smo preiskovali in optimizirali s Plackett-Bur-
manovim načrtom in centralnim kompozitnim načrtom. Glede na rezultate pri Plackett-Burmanovem načrtu ionska 
moč vzorca, aspiracijsko-disperzijski cikli, hitrost in čas centrifugiranja nimajo znatnega vpliva na ekstrakcijo morina in 
kvercetina. Optimizirani pogoji ekstrakcije so bili: volumen ekstrakcijskega topila 83,6 µL, pH vzorca 4,34 ter 1-undeka-
nol kot ekstrakcijsko topilo. Pod temi pogoji je bila kalibracijska krivulja linearna v območju 1–1000 ng/mL za morin in 
0,5–1000 ng/mL za kvercetin, koeficienti determinacije pa so bili nad 0,99. Meja zaznave je bila 0,3 ng/mL za morin in 
0,2 ng/mL za kvercetin. Izkoristek ekstrakcije za 10 ng/mL morina in kvercetina je bil 98,9 % oziroma 96,5 %, medtem 
ko je bil relativni standardni odklon (n = 3) nižji od 3,2 %. 
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