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1. Introduction 
Phenolic compounds occur universally in the plant 

kingdom and are part of a large and complex group of 

organic substances. Higher plants synthesize and 
accumulate a wide variety of phenolic compounds, 
which confer protection against the attacks of free 
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radicals, which are by-products from the process of 
photosynthesis, and against tissue injuries (Magnani et 
al., 2014). The phenolic compounds can be classified 
into two groups: the group of simple phenolic 
compounds and the group of polyphenolic compounds 
(Burns et al., 2001). 

In the past few decades, dietary polyphenols, which 
are one of the most abundant classes of antioxidants in 
human diet, have received increasing attention (Ndhlala 
et al., 2010). Phenolic acids are an important group of 
secondary plant metabolites with powerful antioxidant 
capacities. These acids are usually divided in two main 
groups: benzoic acids, containing seven carbon atoms 
and cinnamic acids, consisting of nine carbon atoms 
(Awika and Rooney, 2004). These natural compounds 
exist predominantly as hydroxybenzoic and 
hydroxycinnamic acids (HCAs) that may occur either 
in their free or conjugated forms. Several types of 
hydroxybenzoic acids and HCA have been identified in 
the human diet, and are believed to play important roles 
due to their abundance and functional diversity 
(Razzaghi-Asl et al., 2013). 

Coneflower (Echinacea purpurea), a medicinal plant 
from asteraceae family, exhibits antioxidative, 
antibacterial, antiviral and antifungal activities, and 
affects various immune parameters of body. Because of 
its immuno-enhancing activity, it has been recently 
used in AIDS therapy (Zolgharnein et al., 2010). It is 
used for treating influenza and cold. One of the main 
groups of biologically active substances in Echinacea 
includes hydroxycinnamic acid and related compounds 
(Zaporozhets et al., 2003). Caffeic acid and its 
derivatives are most important hydroxycinnamic acids 
of various coneflower preparations. Hydroxycinnamic 
acids are potent antioxidant and anti-inflammatory 
agents, which can prevent renal dysfunction, 
cardiovascular disease, oxidative stress, diabetes, 
insulin resistance, body weight gain and dyslipidemia 
and can improve liver function (Alam et al., 2016). 

Modern consumers increasingly demand products 
and foods with high quality. Allied to this, legislation is 
increasingly strict about quality and safety, which has 
challenged the industries (Nazer et al., 2005). 
Therefore, establishment of a simple method that 
enables quantification of the total hydroxycinnamic 
acid in coneflower preparations is very important 
(Štefan et al., 2015). For this purpose, global and 
nonspecific methods are more appropriate, both from 
the perspectives of time and cost. Among all techniques 

available for quantifying total hydroxylcinnamic acids, 
UV/Vis spectrophotometric methods are simple 
procedures which can be used for determining the total 
amount of hydroxycinnamic acids in order to evaluate 
quality of the raw plant material and to standardize 
phytopharmaceuticals (Fuentes et al., 2012). 

Zaporozhets et al. (2003) were introduced a very 
simple spectrophotometric method (from here, referred 
as AlCl3 method) for quantification of total 
hydroxycinnamic acids in conflower preparations. This 
method which was based on complex of 
hydroxycinnamic acids with Al(III) cation, has been 
used in a number of studies [e.g. 8, 17, 20] for 
quantification of total hydroxycinnamic acid of 
different medicinal plants. Thus, we used this method 
for determining total hydroxycinnamic acid in 
coneflower preparations. However, by using AlCl3 
method for determination of total hydroxycinnamic 
acid in coneflower, we faced on some challenges, 
which adjusting pH of complex to the optimum amount 
was most important of them. Hence, this method was 
set and then, its accuracy in quantifying total 
hydroxycinnamic acid in coneflower preparations was 
compared with the method of European 
pharmacopoeia. 

2. Materials and Methods 

Because caffeic acid and its derivatives are main 

hydroxycinnamic acids of coneflower, caffeic acid was 

used for evaluating the behavior of coneflower 

hydroxycinnamic acids and setting the AlCl3 method. 

2.1. Absorbance spectrum of caffeic acid, powdered 
coneflower aerial parts and powdered coneflower dry 
extract 

Caffeic acid (1mg) was dissolved in 50 ml ethanol 

50% and its absorbance spectrum was developed at 

wavelength of 270-400 nm. Ethanol 50% was used as 

blank. 

 For coneflower, 1 g of powdered aerial parts (passed 

through mesh No. 100) or 100 mg of powdered dry 

extract was dissolved in 10 ml ethanol 50%, and 

mixture was incubated at room temperature for 30 min. 

Then, each extract was separately passed through a 

whatman filter paper No. 40 and the volume of filtrates 

increased to 10 ml using ethanol 50%. 1 ml of each 

filtrate was diluted 10 (for coneflower dry extract) or 
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30 (for aerial parts) times using ethanol 50% and their 

absorbance spectrum were developed at wavelength of 

270-400 nm. 

2.2. pH Adjustment for complex of caffeic acid with 
aluminium trichloride 

1 ml caffeic acid 100 ppm was placed into a 25 ml 
volumetric flask and 2.3 ml AlCl3.6H2O 100 mM 
(prepared by distilled water) was added to it. Then, pH 
of this complex adjusted to the desired value (3.5-5.5 as 
intervals of 0.5 units and 4.5-5.5 as intervals of 0.1 
units) using sodium acetate trihydrate 10% (w/v, 
prepared by distilled water) and the absorbance 
spectrum of each pH was developed at wavelength of 
270-400 nm. The blank solution was prepared by 
putting 1 ml ethanol 50%, 2.3 ml AlCl3.6H2O 100 mM 
and 100 µl sodium acetate 10% into a 25 ml volumetric 
flask and volume increased to the mark. 

2.3. Adjustment of AlCl3 concentration 

After pH adjustment, effect of different 
concentrations of AlCl3on maximum absorbance of 
AlCl3-caffeic acid complex was evaluated. For this 
purpose, a 200 mM stock solution of AlCl3.6H2O was 
prepared using distilled water as solvent. Then, 1.25, 
2.5, 3.75, 5, 6.25 and 7.5 ml of stock solution were 
placed into separate 10 ml volumetric flasks and their 
volume was increased to the mark using distilled water. 
Therefore, the final concentration of AlCl3.6H2O in 
these solutions was 25, 50, 75, 100, 125 and 150 mM, 
respectively. Then, 1 ml caffeic acid 100 ppm was 
placed into separate 25 ml volumetric flasks and 2.3 ml 
from different concentrations of AlCl3.6H2O was added 
to each flask. pH of this complex was adjusted to 4.6 
using sodium acetate trihydrate 10% and the 
absorbance of each complex was read at wavelength of 
351 nm. For preparing the blank solution, 1 ml ethanol 
50%, 2.3 ml from different concentrations of 
AlCl3.6H2O and 300 µl sodium acetate 10% were put 
into a 25 ml volumetric flask and volume was increased 
to the mark using distilled water. 

2.4. Calibration curve for standard concentrations of 
caffeic acid 

A 100 ppm stock solution was prepared by dissolving 
5 mg caffeic acid in 50 ml ethanol 50%. Then, 1, 2, 3, 
4, 5, 6, 7, 8 and 9 ml from this stock solution were put 
into separate 10 ml volumetric flasks and volume of 
each flask was increased to the mark using ethanol 

50%. The final concentration of caffeic acid in these 
solutions was 10, 20, 30, 40, 50, 60, 70, 80 and 90 
ppm, respectively. 1 ml from each concentration was 
placed into separate 25 ml volumetric flasks, 2.3 ml 
AlCl3.6H2O 50 mM was added to each flask, pH was 
adjusted to 4.6 using sodium acetate 10% and volume 
was increased to 25 ml using distilled water. The 
absorbance of each solution was read at wavelength of 
351 nm. For preparing the blank solution, 1 ml ethanol 
50%, 2.3 ml AlCl3.6H2O 50 mM and 300 µl sodium 
acetate 10% were put into a 25 ml volumetric flask and 
volume was increased to the mark using distilled water. 

2.5. Developing absorbance spectrum of coneflower 
drugs in complex with aluminium trichloride 

For evaluating absorbance spectrum of powdered 
coneflower aerial parts and powdered coneflower dry 
extract in complex with AlCl3, 10 ml ethanol 50% was 
separately added to 40 mg powdered aerial parts 
(passed through mesh No. 100) and 10 mg powdered 
dry extract. The mixtures were incubated at room 
temperature for 30 min, filtered using whatman filter 
paper No. 40 and the volume of filtrates was increased 
to 10 ml using ethanol 50%. To 1 ml of each filtrate, 
2.3 ml AlCl3.6H2O 50 mM was added, pH adjusted to 
4.6 using sodium acetate 10% and volume was 
increased to 25 ml by distilled water. The absorbance 
spectrum of each solution was developed at wavelength 
of 270-400 nm. The blank solution was prepared by 
putting 1 ml ethanol 50%, 2.3 ml AlCl3.6H2O 50 mM 
and 300 µl sodium acetate 10% into a 25 ml volumetric 
flask and volume was increased to the mark using 
distilled water. 

2.6. Comparison of AlCl3 method with the method of 
European pharmacopoeia 

After setting the AlCl3method, the performance of 
this method in determining hydroxycinnamic acid 
concentration of different coneflower drugs was 
compared to the European pharmacopoeia (EP) 
method, as the reference method. The coneflower 
drugs, were obtained from herbal archive of 
Sinafaravar® company. The method of EP for 
determining total hydroxycinnamic acid is as follow: 
Stock solution: To 0.200 g of the powdered drug, add 
80 ml of alcohol (50 percent V/V). Boil in a water-bath 
under a reflux condenser for 30 min. Allow to cool and 
filter. Rinse the filter with 10 ml of alcohol (50 percent 
V/V). Combine the filtrate and the rinsings in a 
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volumetric flask and dilute to 100.0 ml with alcohol 
(50 percent V/V) (European Pharmacopoeia, 2016). 
Test solution: To 1.0 ml of the stock solution add 2 ml 
of 0.5 M hydrochloric acid, 2 ml of a solution prepared 
by dissolving 10 g of sodium nitrite and 10 g of sodium 
molybdate in 100 ml of water and then add 2 ml of 
dilute sodium hydroxide solution and dilute to 10.0 ml 
with water; mix (European Pharmacopoeia, 2016). 
Compensation solution: Dilute 1.0 ml of the stock 
solution to 10.0 ml with water (European 
Pharmacopoeia, 2016). Measure the absorbance of the 
test solution, immediately at 518 nm, in comparison 
with the compensation liquid. Calculate the percentage 
content (w/w) of total hydroxycinnamic derivatives, 
expressed as caffeic acid, from the following 
expression (French Pharmacopoeia, 2007): 

300

200




m

A

            
  

i.e: taking the specific absorbance of caffeic acid to 
be 300 at 518 nm. 
A = absorbance of the test solution at 518 nm, m = 
mass of the herbal drug to be examined, in grams. 

To evaluate the agreement between values obtained 
from AlCl3 method and values of EP method, the 
following statistical indices were used: (I) the relative 
error (RE) (Stockle et al., 2004) and (II) the Willmott 
index of agreement (d) (Willmott, 1982). Finally, the 
performance of the AlCl3 method in determining total 
hydroxycinnamic acid of coneflower drugs was 
interpreted using the following Criteria (Gallardo et al., 
2011). 

Table 1. Criteria of the AlCl3 method performance in 
determining total hydroxycinnamic acid of coneflower 
drugs. 

Criterion  Performance 

d ≥ 0.95 and RE ≤ 0.10  Very good 

d ≥ 0.95 and 0.15 ≥ RE > 0.10 Good 

d ≥ 0.95 and 0.20 ≥ RE > 0.15 Acceptable 

d ≥ 0.95 and 0.25 ≥ RE > 0.20 Marginal  

3. Results and discussion 

3.1. Absorbance spectrum of caffeic acid, powdered 
coneflower aerial parts and powdered coneflower dry 
extract 

The absorbance spectrum of caffeic acid, powdered 
coneflower aerial parts and powdered coneflower dry 

extract are showed in Figure 1. As showed in this 
figure, the maximum absorbance of caffeic acid, 
powdered coneflower aerial parts and powdered 
coneflower dry extract was obtained at wavelength of 
325, 326 and 324 nm, respectively. Therefore, 
Echinacea drugs have a maximum absorbance at 
wavelength of 324-326 nm, which is probably related 
to the caffeic acid and its derivatives.  

Similarly, Zaporozhets et al. (2003) reported that 
absorption spectrum of caffeic acid solution is 
generally analogous to the spectra of chicoric acid and 
Echinacea extract. These authors concluded that the 
optical absorption of Echinacea preparations in this 
spectral region is mostly due to caffeic acid and its 
derivatives. 

 

 

 

 
Figure 1. Absorbance spectrum of (a) caffeic acid, (b) 

powdered coneflower aerial parts and (c) powdered 

coneflower dry extract at wavelength of 270-400 nm. 
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3.2. pH Adjustment for complex of caffeic acid with 
aluminium trichloride 

pH had a strong effect on formation of complex 
between hydroxycinnamic acids and AlCl3, as in pH ≤ 
3, caffeic acid did not form any complex with AlCl3 
and the maximum absorbance for the mixture of caffeic 
acid and AlCl3, was obtained at wavelength of 325 nm 
(Figure 2a), which is similar to the maximum 
wavelength of pure caffeic acid solution (without 
addition of AlCl3). In pH more than 3, formation of 
complex between caffeic acid and AlCl3 caused to 
increasing the maximum wavelength and maximum 
absorbance of the mixture and in pH 4.6, the maximum 
wavelength and maximum absorbance of caffeic acid-
AlCl3 complex was more than other pH (Figures 2b and 
2d). In this pH (4.6), the maximum absorbance of 
caffeic acid-AlCl3 was obtained at wavelength of 351 
nm (Figure 2b) and thus, pH 4.6 and wavelength of 351 
nm were set as the optimum pH and λmax for the 
caffeic acid-AlCl3 complex. Therefore, other analysis 
was performed at pH 4.6 and wavelength of 351 nm. 

Zaporozhets et al. (2003) reported the bathochromic 
shift of the absorption peak observed upon introduction 
of the metal ions is related to the formation of 
complexes between caffeic acid and Al(III) in solution. 
These authors found that the optimum pH interval for 
the determination of HCA and its derivatives is from 
4.5 to 5.5. They reported the wavelength of 355 nm as 
the corresponding wavelength for maximum absorption 
of the caffeic acid-Al(III) complex. A slight difference 
observed between maximum wavelength reported by 
Zaporozhets et al. (2003) for caffeic acid-AlCl3 
complex and that obtained in this study which was 
probably due to additional purification of caffeic acid 
by recrystallization from hot (T= 70°C) distilled water 
in the study of Zaporozhets et al. (2003). 

In the method developed by Zaporozhets et al. (2003) 
for determining total hydroxycinnamic acid of 
Echinacea preparations, the ammonium chloride 1% is 
used for adjusting pH of caffeic acid-AlCl3 complex to 
the desired amount (4.8) and then, the volume of this 
mixture is increased to 25 ml using distilled water. We 
examine this procedure, but adjusting pH of caffeic 
acid-AlCl3 complex to 4.8 was obtained by applying 
about 75 ml of ammonium chloride 1%. Therefore, we 
substitute ammonium chloride 1% with sodium acetate 
10% for adjusting pH of caffeic acid-AlCl3 

complex.
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Figure 2. (a) maximum wavelength of caffeic acid-
AlCl3 complex at pH 3-5.5, (b) maximum wavelength 
of caffeic acid-AlCl3 complex at pH 4.5-5.5, (c) 
maximum absorbance of caffeic acid-AlCl3 complex at 
pH 3-5.5 and (d) maximum absorbance of caffeic acid-
AlCl3 complex at pH 4.5-5.5. 

3.3. Adjustment of AlCl3 concentration 

After finding the optimum pH (4.6) for caffeic acid-
AlCl3 complex, the maximum absorbance of this 
complex was evaluated as function of AlCl3 
concentration. Results of regression analysis showed 
that maximum absorbance of caffeic acid-AlCl3 
complex was obtained using an AlCl3 concentration of 
50 mM and at higher concentrations, the maximum 
absorbance of caffeic acid-AlCl3 complex did not show 
a significant change (Figure 3). Therefore, the 
concentration of 50 mM was set as the optimum 
concentration of AlCl3.6H2O for caffeic acid-Al(III) 
complex and in subsequent analysis, the AlCl3 
concentration of 50 mM was used. 

Therefore, the AlCl3 method for quantification of 
total hydroxycinnamic acids of Echinacea drugs was 
set as follow: 

10 ml ethanol 50% was added to 40 mg powdered 
aerial parts (passed through mesh 100) or 10 mg 
powdered dry extract. The mixture was incubated at 
room temperature for 30 min, filtered using whatman 
filter paper No. 40 and the volume of filtrate was 
increased to 10 ml using ethanol 50%. To 1 ml of this 
extract, 2.3 ml AlCl3.6H2O 50 mM was added, pH 
adjusted to 4.6 using sodium acetate 10% and volume 
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was increased to 25 ml by distilled water. The 
absorbance of solution was measured at wavelength of 
351 nm. The blank solution was prepared by putting 1 
ml ethanol 50%, 2.3 ml AlCl3.6H2O 50 mM and 300 µl 
sodium acetate 10% into a 25 ml volumetric flask and 
volume was increased to the mark using distilled water. 
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Figure 3. Maximum absorbance of caffeic acid-AlCl3 

complex as function of AlCl3.6H2O concentration. 

3.4. Calibration curve for standard concentrations of 
caffeic acid 

By using the AlCl3 method, calibration curve for 
standard concentrations of caffeic acid was developed 
at wavelength of 351 nm (Figure 4). According to the 
calibration curve, at standard concentrations of 0-100 
ppm caffeic acid, the absorbance of caffeic acid-AlCl3 
complex was linearly increased (Figure 4). The 
regression coefficient for linear function obtained from 
calibration curve was about 1, which this indicates the 
high accuracy and suitability of the fitted linear 
function for determining total hydroxycinnamic acid 
based on equivalent concentration of caffeic acid. 
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Figure 4. Calibration curve for standard concentrations 
of caffeic acid. 

3.5.Absorbance spectrum of coneflower drugs in 
complex with aluminium trichloride 

Evaluating the absorbance spectrum of AlCl3-
conflower drugs complex showed that despite the 
AlCl3-caffeic acid complex which its maximum 
absorbance was obtained at wavelength of 351 nm, the 
maximum absorbance of AlCl3-coneflower drug 
complexes was at wavelength of 365 nm (Figure 5). 
This indicates that in coneflower drugs, the caffeic acid 
and its derivatives are not the only compounds which 
complex with Al(III) and thus, despite the statements of 
Zaporozhets et al. (2003) who concluded that the 
Al(III) can selectively interact with hydroxycinnamic 
acids, the Al(III)-hydroxycinnamic acids complex is 
not a selective reaction. The Echinaceapurpurea herb 
contains the flavonols such as quercetin, kaempferol, 
nicotiflorin and rutin (Kurkin et al., 2010). These 
compounds can form complexes with AlCl3 (Pękal 
etal., 2014) and this can be the reason of shifting 
maximum wavelength of AlCl3-coneflower drug 
complexes from 351 nm. However, for assurance about 
this conclusion, in the next section of this study, the 
performance of the AlCl3 method was compared to the 
European pharmacopoeia method. 

 

 
Figure 5. Absorbance spectrum of coneflower drugs: 
(a) powdered coneflower aerial parts, (b) powdered 
coneflower dry extract. 
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3.6. Comparison of AlCl3 method with the method of 
European pharmacopoeia 

Štefan et al. (2014) were evaluated the accuracy of 
European pharmacopoeia method for measuring the 
total hydroxycinnamic acids in Lamiaceae species. 
These authors concluded that good quality of the 
measurements at the lower analyte level, excellent 
resolution of blank and analyte signals, homogenous 
data material, ideal linear calibration and analytical 
evaluation functions, very low limit of detection and 
limit of quantification, and high precision and accuracy 
confirmed the high quality of investigated procedure as 
valuable tools in total hydroxycinnamic acids analysis 
(Štefan et al., 2014). Thus, we used the European 
pharmacopoeia method as the reference procedure for 
evaluating the performance and accuracy of AlCl3 
method in quantifying total hydroxycinnamic acids of 
coneflower drugs. 

The total hydroxycinnamic acids of different 
Echinacea drugs measured by both AlCl3 and EP 
methods are presented in Table 1. For all Echinacea 
drugs, the AlCl3 method overestimated the 
totalhydroxycinnamic acids in comparison with the 
amounts obtained using European pharmacopoeia 
method. The relative difference between amounts 
obtained from AlCl3 method and amounts obtained 
using EP method was 50-130% (Table 2) and this 
reveal that accuracy of AlCl3 method in measuring total 
hydroxycinnamic acids of Echinacea drugs is not 
suitable. Furthermore, since the willmott index of 
agreement (d) was less than 0.95 and the relative error 
(RE) was more than 0.25, the performance of AlCl3 
method in measuring total hydroxycinnamic acids of 
Echinacea drugs was very poor (Table 2). 

 

 
Table 2. Comparing the amount of total hydroxycinnamic acids measured in different Echinacea drugs using AlCl3 
and European pharmacopoeia (EP) methods. 

Echinacea drug  Total hyroxycinnamic acids (%)  Relative difference (%)* 
 AlCl3 method EP method  

Dry extract  3.7 2.4  54 
Aerial parts  1.8 1.2  50 

Dry extract  4.6 2.4  91 

Flower  1.8 1.0  80 

Aerial parts  2.7 1.4  92 

Aerial parts  2.6 1.5  73 

Aerial parts  3.5 1.8  94 

Aerial parts  3.7 2.2  68 

Aerial parts  2.8 1.5  86 

Aerial parts  2.3 1.0  130 

d  0.53 
RE  0.83 

Performance  Very poor 

*Calculated as: ((value of AlCl3 method-value of EP method)/value of EP method)×100
 
4. Conclusion 

In current study, a simple method based on formation 
of complex between hydroxycinnamic acids and Al(III) 
was set in order to measuring total hydroxycinnamic 
acids of Echinacea drugs. Comparison of this method 
(AlCl3 method) with European pharmacopoeia method 
(EP method) showed that accuracy and performance of 
AlCl3 method in quantifying total hydroxycinnamic 
acids of Echinacea drugs was not suitable. Probably, 

this can be due to non-selective reaction of 
hydroxycinnamic acids with Al(III), because 
coneflower flavonols such as quercetin, kaempferol, 
nicotiflorin and rutin also can form complex with 
Al(III) cation and this resulted in amounts of total 
hydroxycinnamic acids measured by AlCl3 method be 
about 50-130% higher than those measured using EP 
method. In conclusion, the AlCl3 method which its 
general principles was firstly developed by 
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Zaporozhets et al. (2003) and then used in a number of 
studies, is not a suitable and accurate method for 
measuring total hydroxycinnamic acids and quality 
control of Echinacea drugs. 
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