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Introduction
Meliloti herba is de ined as the dried aerial parts 

(especially – lowering tops) of Melilotus of icinalis (L.) Pallas. 
or Lam. or Ders. It is known to contain coumarinic-derivatives 
(melilotoside, melilotin, melilotic acid, melilotin-coumaric 
acid). The odour of the dried herb (aromatic, pleasant, sweet) 
is due to these compounds; melilotoside yields coumarine 
upon enzymatic hydrolysis and lactonization [1].

Coumarins are an important group of phenolic com-
pounds that contain the characteristic benzo[α]pyrone 
(2H-benzopyran-2-one) moiety. They are available from 
natural and synthetic sources, especially abundant in Umbel
liferae, Rutaceae, Legiminosae, Compositae and other plant 
families [2,3]. Coumarin appear in plants as free mole-
cules and glycosides; they derive from phenylpropanoid 
precursors, such as cinnamic acid and p-coumaric acid, 
which initially suffer o-hydroxylation to o-coumaric acid and 
2,4-dihydroxycinammic acid, respectively. After cis/trans 
isomerization and spontaneous lactonization, coumarin, and 
7-hydroxycoumarin (umbelliferone) are generated. Most of 

coumarin aglicones poses substituents (hydroxyl, methoxy, 
alkyl) in 7 position, sometimes also in 5, 6, 8 positions. 
Coumarin glycosides undergo enzymolysis in the route of 
drying and get converted to aglycones [4].

Coumarins are known to possess a wide range of 
pharmacological properties, such as antimicrobial, antiviral, 
anti-in lammatory, antioxidant, antiseptic, and anticoagulant 
activities [4]. Coumarin and its derivatives can produce rather 
signi icant side effects. In high doses, they induce headache, 
nausea, womiting, sleepiness, and, in extreme cases, serious 
liver damage [5]. It is implies the necessary standardization of 
plants containing coumarins with respect to the quantitative 
content of these biologically active substances.

For the coumarin and its derivatives separation and 
determination usually used chromatographic methods, 
especially gas chromatography [6,7] and liquid chromato-
graphy [8-10]. The effective coumarin separation provides 
planar chromatography: thin-layer and paper. These methods 
show homogeneity of the isolated substances and reveal 
even trace amounts of coumarins [11-14]. TLC as a simple, 
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rapid, inexpensive and high effective technique for separation 
of complex mixtures especially after combining with 
densitometric detection. That is why TLC began to be widely 
used not only for qualitative, but also for the quantitative 
estimation of various coumarins in plants, food and drugs 
[13,14]. But a main disadvantage of TLC method is using quite 
toxic organic solvents: benzene, acetone, chloroform, toluene, 
etc [15,16]. 

In recent years, the ideas of “green” chemistry have been 
gaining popularity in the world. One of the challenges of green 
chemistry is to reduce the use of hazardous organic solvents. 
This is one of the basic principles of “green” chemistry, 
formulated by Anastas and Warner: “it is better to prevent the 
emission of pollution than to get rid of them later” [17].

One of the ways to replace toxic organic solvents in many 
cases can be organized solutions – solutions of surfactants 
with a concentration higher than the critical micelle 
concentration. Use of micellar mobile phases in TLC has gained 
popularity because of their several advantages, for example 
cost-effectiveness, low toxicity, and enhanced separation 
ef iciency. Micellar mobile phases in TLC were irst reported 
by Armstrong, et al. [18]. The most fascinating feature of 
micellar systems is their dual hydrophobic and hydrophilic 
character, which provides electrostatic and hydrophobic sites 
for interaction within the aqueous mobile phase, resulting 
in unique separations of both ionic and non-ionic solutes. 
Micellar mobile phases have been successfully used to 
separate and distinguish various organic compounds [19-22]. 
Unfortunately, application of pure micellar solutions usually 
results in poor ef iciency and asymmetric chromatographic 
spots. Thus, small amounts of organic modi iers, most often is 
short chain alcohols or carboxylic acids, are added to improve 
the ef iciency in micellar TLC [21,23].

The aim of this study was to develop and validate simple 
and rapid method for the coumarin assay in the Meliloti herba 
and its hydro-alcoholic extracts by TLC method with “green” 
mobile phase base on surfactant. 

Experimental
Chemicals, reagents and plant material

Coumarin standard (purity 99.9%) was purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Solvents: propanol-2 (> 
99.0% v/v), methanol (> 99.0% v/v), ethanol (96.0% v/v), 
were analytical (Sigma AR) grade. Surfactant Tween-80 
(density 1.065 g/mL) was from AppleChem GmbH, Germany. 
Acetonitrile and phosphoric acid were HPLC grade (Fluka, 
Buchs, Germany).

Plant material  – Melilotus of icinalis – were from 
Sumi itofarmacia, Ukraine. It was cropped in 2020 in Ukraine, 
and is dried fragmented parts of a mixture of leaves, lowers 
and stems of Meliloti herba. 

Instruments

Micellar TLC-densitometric determination used CAMAG 
TLC Scanner 3 and CAMAG TLC sampler Linomat 5 (CAMAG, 
Muttenz, Switzerland) supplied with a 100-μL syringe. Slit 
dimensions were 5.00 x 0.20 mm with a band weigh of 8.0 
mm. The scanning speed was 10 mm/s and data resolution 
was 100 μm/step. The resulting output was chromatogram 
and integrated peak area. 

A rectangular lat bottomed development tank (CAMAG, 
Muttenz, Switzerland) was used for thin-layer chromatograms 
development.

Polyethylene terephthalate-backed plates Sorb il-PTCX-P-
A-UV-254 (10 x 15 cm, 100-μm thickness, IMID Ltd, Krasnodar, 
Russian Federation) were used.

HPLC analysis was done by using Shimadzu LC-20 
chromatograph (Shimadzu Corp, Duisburg, Germany).
Chromatographic column was LiChrospher 100-RP18ec 
(length and internal diameter 250 mm x 4.6 mm, 5um 
particle size, Fisher Scienti ic UK Ltd, GB). Mobile phase was 
acetonitrile – 5 g/L solution of phosphoric acid (22:78 v/v); 
low rate 1.5 mL/min; detection wavelength was 275 nm; 

column temperature 30 OC [24].

Preparation of standard solutions

Coumarin stock solution was prepared by dissolving 50 
mg accurately weight in ethanol in 50-mL volumetric lask, 
adjusted to volume by the same solvent to yield concentration 
1 mg/mL. This solution was stored a refrigerator at 4-8 OC.

Working standard solutions were prepared by dilution 
corresponding aliquot of the coumarin stock solution in 50-mL 
volumetric lask by ethanol to obtain coumarin concentration 
20-100 μg/mL. These solutions were freshly prepared and 
used during one working day. 

Sample and extracts preparation

Sample preparation was performed by hot extraction 
method [24]: to 5.00 g of the powdered herbal drug add 90 
mL of methanol and boil under a re lux condenser for 30 min. 
Allow to cool. Filter under vacuum through a ibre-glass ilter. 
Take up the residue and the fragmented ilter with 90 mL of 
methanol. Treat as the same manner as before. Combine the 
iltrates and dilute to 250.0 mL with methanol.

The sample solution was diluted 1:1 by methanol and 
applied to the plate to micellar TLC analysis.

For the extracts preparation the iltrational extraction 
method [25,26] was used. Extraction was performed at 20-
25 OC with ethanol (96% or 70% v/v) at ratio raw material : 
extractant 1:10. Sample weight was 100.0 g of powdered plant 
material.

Three extracts were obtained by this way: Extract 1 – 
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extractant ethanol 96% (v/v); Extract 2 – plant material 
previously extracted by ethanol 96% was secondary extracted 
by ethanol 70% (v/v); Extract 3 – extraсtant ethanol 70% 
(v/v). Extracts without pre-treatment were applied to the 
plate to micellar TLC analysis.

Methodology of micellar TLC

All investigation was at temperature 20+1 OC. The working 
standard solutions and investigated extracts were applied to 
the chromatographic plate 10 x 15 cm size as bands 8 mm by 
using CAMAG TLC sampler Linomat 5. The chromatographic 
development was performed in unsaturated chromatographic 
chamber to a distance about 8.5 cm using micellar mobile 
phase: 5 x 10-4 mol/L Tween-80 in a mixture propanol-2 – 
water (5:95 v/v). After development, the plate was dried in 
warm air and scanned at wavelength 275 nm using CAMAG 
TLC Scanner 3. 

Data sources, software and processing

The statistical analyses were performed with Microsoft 
Excel 2010 (Microsoft Corporation, http://of ice.microsoft.
com) and Statistica 6.0 (2001, StatSoft Inc, http://www.
statsoft.com). 

Results and discussion
Method optimization

The mobile phase composition and concentration ratio 
were irs optimized to establish the coumarin determination 
in Meliloti Herba by densitometric micellar TLC method. The 
type of surfactant and volumetric fraction of organic modi ier 
were irstly investigated. 

Preliminary experiment showed that nonionic surfactant is 
best micelle-forming agent for the coumarin and its hydroxyl 
and methoxy derivatives separation. Tween 80 was chosen as 
micelle-forming agent, but when pure micellar solution was 
used as mobile phase, coumarin spot form was not well for its 
densitometric estimation. To improve of the chromatographic 
spot shape it was necessary to add organic modi ier. It turned 
out that addition of acidic organic modi iers (carboxylic acid) 
leads to a signi icantly decrease of the coumarin retention, 
but in the same time small amounts of these modi iers result 
in impairment of the shape of the coumarin spot form. That 
is why our further investigation was carried out only with 
different alcohols, and propanol-2 inally was chosen as 
organic modi ier. Optimal ratio retention – spot sharp – 
selectivity was obtained by using mobile phase as 5 x 10-4 
mol/L Tween-80 in a mixture propanol-2 – water (5:95 v/v). 
In Figure 1 we can see the 2D chromatogram, obtained in 
optimal micellar TLC conditions. 

UV-specter of coumarin shows two characteristic maxima: 
at 275 nm and 312 nm. First is more intensive, that is why 275 
nm was chosen as detection wavelength. 

Method validation

The method was validated according to the International 
Conference on Harmonization (ICH) guidelines [27] and 
recently published works on TLC methods validation [28-
31] in terms of linearity, inter- and intra-day precision, 
repeatability, accuracy, selectivity, limits of detection and 
quantitation. Robustness study also was performed.

Speci icity: The speci icity of the method was con irmed 
by analyzing the standard and extracts. The band for coumarin 
in the extracts was con irmed by comparing the retention 
factor value (Figure 1) and spectra of the band with those 
of the standard. The coumarin peak purity was assessed by 
comparing the spectra in the peal start, peak apex and peak 
end position of the band.

Linearity, LOD and LOQ: Preliminary experiment for 
linearity investigation (diapason from 0.1 to 10 μg/band with 
step 1 μg/band) showed, that dependence of coumarin peak 
area vs its concentration has the signi icant deviation from 
linearity at coumarin concentration above 3 μg/band, but it is 
well described by the second-order polynomial equation. The 
good linearity response of coumarin determination was in the 
range of 0.1-2(3) μg/band, and in this range the linearity was 
investigated more detailed.

Five concentrations of coumarin within the speci ied 
range were applied in triplicate. The calibration curve was 
constructed by plotting the coumarin peak area corresponding 
to its concentration. Regression data showed very good 
linearity within the speci ied range.

Limits of detection (LOD) and quantitation (LOQ) were 
calculated in accordance with the 3.3N/B and 10N/B criteria, 
respectively, where N is a standard deviation of the spot area 
of the estimate, and B is the slope of the calibration curve. The 
results obtained were:

• Range: 0.1-2.5 μg/band;

• Linearity equation: Y = 74.3 + 11083.5X

• Correlation coef icient (r): 0.99932

• RSD of slope (%): 0.7

• RSD of intercept (%): 2.1

• LOD (μg/band): 0.015

• LOQ (μg/band): 0.045

Accuracy: Three standard samples with coumarin 
concentration 0.22, 0.67 and 1.12 μg (calculated on applied 
band) were reanalyzed by the proposed method. Results 
obtained during accuracy investigations are presented 
in Table 1. The method showed a good accuracy. Also the 
standard addition techniques was carried out; the good 
recoveries were obtained and given in Table 2.
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Precision: The repeatability (intra-day) and intermediate 
(inter-day) precision of the sample application and mea-
surement of peak area were carried out using 9 determinations 
(3 concentrations/3 replicates), covering the speci ic range 
for the micellar TLC method, and were expressed in terms of 
RSD (%). The obtained results are summarized in Table 1. The 
proposed method showed good precision.

Robustness: To measure robustness, the experimental 
conditions were deliberately changed slightly, and the effect 
on the results was examined. The studied parameters were 
chromatographic chamber saturation time, mobile phase 
composition and scanning wavelength. 

Changing concentration of Tween 80 (3-7 x 10-4 mol/L) and 

time of chromatographic chamber saturation (unsaturated, 
saturation 30, 60 and 90 min) had no signi icant effect on RF 
value of coumarin (RF = 0.79 + 0.03).

Scanning wavelength changing (+ 2 nm) also no showed 
signi icant effect both coumarin retention and the assay data.

The change in the organic modi ier volume fraction made 
the main effect in the coumarin retention. When propanol-2 
volume fraction was changed, the coumarin retention factor 
was changed from 0.70 (4% of 2-PrOH) to 0.86 (6% 2-PrOH). 
Investigation results shows, that these changes did not 
produce signi icant effect on the separation selectivity and 
coumarin assay.

Solution stability: In order to avoid any unexpected 
changes in the stock and working solutions during the analysis 
due to delay in the analysis time, we must have detailed 
information about the stability of the prepared solutions. 
It was found that ethanolic stock solution of coumarin was 
stable at least 10 days when stored refrigerated at 4-8 OC and 
it showed no chromatographic or absorbance changes. 

In the same time ethanolic working solutions of coumarin 
were stable near 24 hours at room temperature when protected 
from light. After 48 hours we founded chromatographic peak 

Figure 1: 2D micellar TLC densitogrtam of coumarin standard (RF = 0.80 ± 0.02) and Meliloti herba extract (RF = 0.78 ± 0.02) determination using 5 x 
10-4 mol/L Tween-80 in a mixture propanol-2 – water (5:95 v/v) as developing system at 275 nm detection wavelength.

Table 1: Accuracy, repeatability (intra-day) and reproducibility (inter-day) precision data for coumarin determination by micellar TLC.
Accuracy

Coumarin concentration, μg/band 
(100%)

Experimental concentration  founded*, μg/
band Accuracy, % ∆

0.22 0.217 98.8 -1.2
0.67 0.665 99.2 -0.8
1.12 1.117 99.7 -0.3

Mean,  RSD, % 99.2, 0.3
Repeatability and reproducibility

Coumarin concentration, μg/band Intra-day*

Mean, %  ±  RSD, %

Inter-day *

Relative amount, %  ±  RSD, %
Day 1 Day 2 Day 3

0.22 99.1 ± 0.5 100.2 ± 0.5 99.0 ± 0.7 99.6 ± 0.7
0.67 100.1 ± 0.3 99.3 ± 0.9 100.1 ± 0.5 101.2 ± 0.7
1.12 99.4 ± 0.4 100.8 ± 0.8 99.6 ± 0.7 100.2 ± 0.5

* mean value of the three determinations.

Table 2: Results of recovery study.
Amount present 

(μg/band)
Amount spiked 

(μg/band)
Amount found 

(μg/band)
% 

Recovery
Average % 
recovery

0.22
0.22
0.45
0.67

0.214
0.440
0.662

97.38
97.85
98.78

98.0

0.67
0.22
0.45
0.67

0.217
0.446
0.668

98.85
99.23
99.78

99.3

1.12
0.22
0.45
0.67

0.217
0.447
0.662

98.55
99.34
98.88

98.9
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area decreasing. That is why these solutions should be freshly 
prepared. 

Analytical application

The coumarin assay in the Meliloti herba and its ethanolic 
extracts were obtained by the proposed micellar TLC method. 
All results are presented in Table 3. Results obtained were 
compared to results obtained from HPLC method described in 
[24]. Student t-test and F-test were used for the comparison 
obtained results (Table 3). As can be seen coumarin contents 
differ insigni icantly, and proposed micellar TLC method can 
be an alternative method for rapid coumarin determination 
in the plant materials. Typical densitogram obtained during 
coumarin assay is presented in Figure 2. 

As can we seen from Table 3 the most complete extraction 
takes place with using 70% ethanol as extractant.

Conclusion
A validated micellar TLC analytical method has been 

developed for the quanti ication of coumarin in Meliloti herba 
and its ethanolic extracts. The proposed method is simple, fast, 
precise, speci ic and accurate. The statistical analysis of data 
obtained proves that the method is reproducible and can be 
used for routine analysis for the coumarin determination. The 
high accuracies of the assays obtained, taken together with the 
low solvent consumption and replacing hazardous solvents by 
greener ones made these methods eligible for use in different 

laboratories as alternative existed chromatographic methods 
for routine and fast coumarin determination.
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