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Abstract
Aim. To study the elemental and amino acid composition of Cetraria islandica (L.) Ach. thalli batches harvested in Ukraine.
Materials and methods. Seven batches of C. islandica thalli harvested in different regions of Ukraine in late summer/early 
fall 2019 were used for the study. The elemental composition of the raw material was studied by atomic absorption spec-
trometry with photographic registration. The component composition of free and bound amino acids in the raw material 
was determined by the HPLC method. 
Results and discussion. The presence of at least 19 macro-, trace and ultra-trace elements was determined in 7 batches of 
the raw material. The predominance of the following elements was found: potassium 190 mg/100 g (batch 6) – 325 mg/100 g 
(batch 7); silicon 30 mg/100 g (batch 1) – 115 mg/100 g (batch 4); calcium 37 mg/100 g (batch 6) – 86 mg/100 g (batch 4). 
It was determined that the quantitative content of molybdenum and cobalt did not exceed 0.03 mg/100 g, the content of 
cadmium, astatine and mercury did not exceed 0.01 mg/100 g. The quantitative content of lead met the requirements of 
the monograph of the State Pharmacopoeia of Ukraine (SPhU) 2.0. The total ash content in the batches of the raw material 
ranged from 0.61 ± 0.02 % to 1.43 ± 0.05 %, meeting the requirements of the monograph of the SPhU 2.0. The presence of 7 amino 
acids was determined; 5 of them were nonessential (aspartic and glutamic acids, serine, arginine, and alanine) and 2 were 
essential (threonine and valine). The quantitative content of the total amount of free amino acids was 0.794 μg mg-1, the 
total amount of bound ones was 3.276 μg mg-1.
Conclusions. For the first time, the elemental composition of 7 batches of C. islandica thalli harvested in Ukraine was deter-
mined. In each batch, potassium was the predominant element (from 190 mg/100 g to 325 mg/100 g depending on the batch). 
The component composition of free and bound nonessential and essential amino acids was determined (the quantitative 
content of the total amount of free amino acids was 0.794 μg mg-1, the total amount of bound ones was 3.276 μg mg-1); ala-
nine (0.289 μg mg-1) was the dominant component among free amino acids, while arginine (0.993 μg mg-1) prevailed among 
bound ones. The results obtained will be used for further studies of the raw material of C. islandica harvested in Ukraine.
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Вивчення елементного та амінокислотного складу серій слані Cetraria islandica (L.) Ach., 
заготовлених в Україні
Анотація
Мета. Дослідити елементний та амінокислотний склад серій слані Cetraria islandica (L.) Ach., заготовлених в Україні.
Матеріали та методи. Для дослідження було використано 7 серій слані C. islandica, заготовлених у різних регіонах 
України наприкінці літа – восени 2019 року. Елементний склад сировини досліджували методом атомно-абсорбційної 
спектрометрії з фотографічною реєстрацією. Компонентний склад вільних і зв’язаних амінокислот у сировині визна-
чали методом ВЕРХ.
Результати та їх обговорення. Визначено наявність у 7 серіях сировини щонайменше 19 макро-, мікро- та ультрамі-
кроелементів. Серед елементів виявлено переважання калію: 190 мг/100 г (серія 6) – 325 мг/100 г (серія 7); силіцію: 
30 мг/100 г (серія 1) – 115 мг/100 г (серія 4); кальцію: 37 мг/100 г (серія 6) – 86 мг/100 г (серія 4). Визначено, що 
кількісний вміст молібдену та кобальту не перевищував 0,03 мг/100 г, вміст кадмію, астату та ртуті не перевищував 
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0,01 мг/100 г. Кількісний вміст плюмбуму відповідав вимогам монографії Державної фармакопеї України (ДФУ) 2.0. 
Вміст загальної золи в серіях сировини становив від 0,61 ± 0,02 % до 1,43 ± 0,05 %, що відповідає вимогам монографії 
ДФУ 2.0. Визначено наявність 7 амінокислот, з яких 5 замінні (аспарагінова і глутамінова кислоти, серин, аргінін та 
аланін) та 2 незамінні (треонін і валін). Кількісний вміст суми вільних амінокислот становив 0,794 мкг мг-1, суми 
зв’язаних – 3,276 мкг мг-1.
Висновки. Уперше визначено елементний склад 7 серій слані C. islandica, заготовлених в Україні. У кожній серії до-
мінантним елементом був калій (від 190 мг/100 г до 325 мг/100 г залежно від серії). Визначено компонентний склад 
вільних і зв’язаних замінних і незамінних амінокислот (кількісний вміст суми вільних амінокислот – 0,794 мкг мг-1, 
суми зв’язаних – 3,276 мкг мг-1), домінантним компонентом серед вільних амінокислот був аланін (0,289 мкг мг-1), се-
ред зв’язаних – аргінін (0,993 мкг мг-1). Отримані результати будуть використані для подальших досліджень сировини 
C. islandica, заготовленої в Україні.
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■ Introduction

Cetraria islandica (L.) Ach. is a foliose lichen 
of the Parmeliaceae family, which has been used  
in the European and Asian folk medicine for cen- 
turies, in particular for the respiratory and di-
gestive diseases [1]. Due to the content of many 
groups of biologically active substances (BAS) in 
the raw material and a wide spectrum of their 
pharmacological activity, including antibacteri-
al, expectorant, antioxidant and anti-inflamma-
tory, the study of the raw material of C. islandi- 
ca does not lose its relevance nowadays [2, 3].

As of May 2022, the raw material of C. islan- 
dica is a component of 5 medicinal products pre- 
sented at the pharmaceutical market of Ukraine, 
such as Pectolvan phyto Iceland moss (JSC Far-
mak, Ukraine); pastilles Isla-Moos and Isla-Mint 
(Engelhard Arzneimittel GmbH& Co. KG, Ger-
many), Herbion Iceland moss syrup (KRKA, Slo- 
venia) and Complex expectorant extract (Phyto- 
pharm Klenka SA, Poland) [4]. It is also contained 
in dietary supplements in the form of tablets, pas- 
tilles, syrups and herbal teas, which are used for  
the inflammatory processes of the respiratory sys- 
tem treatment and help to regulate the respira-
tory function [5].

The pharmacological action of lichens is due 
to the ability of myco- and photobiont to form pri- 
mary and secondary metabolites belonging to dif- 
ferent groups of BAS [6]. A comprehensive study 
of their component composition is important for 
the systematic study of the raw material and 
for the search for optimal ways of their complex 
processing as well [3]. Lichens have a high ability  

to absorb mineral substances from the lichen sub- 
strate, air, and precipitation [7]. Mineral substan- 
ces accumulated by the mycobiont can form com- 
plex compounds with such primary lichen meta- 
bolites as amino acids, proteins, polysaccharides,  
vitamins [8].

The study of the elemental composition of the  
raw material not only allows to prevent the use 
of the raw material which can be exposed to en-
vironmental pollution, but it is also important 
for determining the influence of elements on the 
pharmacological effect of the drugs based on this 
raw material [8, 9].

The monographs on C. islandica are includ-
ed in the pharmacopoeias of many countries, 
including the State Pharmacopoeia of Ukraine 
(SPhU) 2.0 [10]. The monograph “Cetraria islan- 
dica” of the SPhU 2.0 does not contain a national 
part and does not regulate the quantitative con-
tent of BAS in the raw material. In the “Tests” 
section of the monograph of the SPhU 2.0, it is 
specified that the content of lead in the raw ma-
terial of C. islandica must not exceed 0.0010 % 
(10.0 ppm) [10].

In one of the first studies of the elemental com- 
position of C. islandica thalli, Finnish scientists 
(Airaksinen et al., 1986) studied the toxicity of the  
raw material of lichens C. islandica and Clado-
nia rangiferina. It has been traditionally used in  
this region in the food industry, as emergency food  
and as livestock fodder. In the study, a high con- 
tent of heavy metals, in particular lead, was deter-
mined, and the necessity of additional processing  
of the raw material for further safe application 
was shown [11].
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The results of the elemental analysis of the 
raw material of C. islandica of Italian origin 
(Meli et al., 2017) demonstrate a high content of 
calcium, silicon, and potassium in the raw mate-
rial [12]. Similar data on the elemental composi-
tion of C. islandica thalli were obtained for the 
raw material harvested in the South-Eastern Si-
beria, the Pre-Urals, Karelia and other regions 
of the boreal forest and tundra (Vershinina et al., 
2010), as well as on the Taymyr Peninsula (Kai-
ser et al., 2020) where the dominance of potas-
sium and calcium was noted [13 – 14]. Ukrainian  
scientists (Vladymyrova et al., 2019) also found 
the predominance of potassium, silicon, and cal-
cium in the raw material of C. islandica when 
studying the elemental composition of the raw 
material of various medicinal plants in thyroid 
gland diseases [15]. The analysis of the raw ma-
terial of C. islandica and medicines and food 
supplements on its basis represented at the Eu-
ropean market showed the absence of a strong 
correlations between the origin of the raw mate-
rial and its elemental composition (Giordani et 
al., 2017) [16].

Recent data on the study of the amino acid 
composition of C. islandica thalli are mainly de-
voted to the research of the raw material har-
vested in different regions of the boreal forest 
and tundra. Their results demonstrate the pres-
ence of 14 to 16 amino acids in the raw material, 
including a high content of glutamine, phenyla-
lanine, and valine (Kaiser et al., 2020); alanine, 
ornithine (Tabalenkova et al., 2017); aspartic and  
glutamic acids, alanine, lysine, and leucine (Ver- 
shinina et al., 2010) [13, 14, 17].

An earlier study conducted by Serbian scien- 
tists (Grujic-Injac, 1976) demonstrated the presen- 
ce of 17 amino acids in the raw material of C. is- 
landica, among which aspartic and glutamic ac-
ids, alanine and leucine predominated [18].

Therefore, in the literature sources available 
to us no data on the elemental and amino acid 
composition of C. islandica thalli harvested in 
Ukraine were found. For this reason, the aim of 
the current work was to determine the elemen-
tal and amino acid composition of C. islandica 
(L.) Ach thalli batches harvested in Ukraine.

■ Materials and methods

For the study, 7 batches of the raw material of  
C. islandica harvested in late summer/early fall 
2019 were used (batch 1 – Volyn region; batch 2 –  
Zakarpattia region; batch 3 – Zakarpattia region;  

batch 4 – Zakarpattia region; batch 5 – Ivano-
Frankivsk region; batch 6 – Chernivtsi region; 
batch 7 – Rivne region).

The total ash content in the batches of the 
raw material was determined according to the  
requirements of the monograph 2.4.16 “Total ash”  
of the SPhU 2.0 [19].

The elemental composition of the raw mate-
rial was studied by atomic absorption spectro- 
metry with photographic registration according  
to the generally accepted method [20]. The research  
was conducted in the SSI “Institute of Single Cry- 
stals” of the National Academy of Sciences of 
Ukraine (Kharkiv).

The component composition of free and bound  
amino acids in the raw material was determined 
by the HPLC method in batch 2 of the raw mate-
rial. The chromatographic separation was per-
formed on an Agilent 1200 liquid chromatograph 
(Agilent technologies, USA). A Zorbax AAA co- 
lumn, 150 mm long, with a 4.6 mm internal dia- 
meter and 3 μm sorbent grain diameter was used.  
The mobile phase A was 40 mM Na2HPO4 with 
pH 7.8; B – MeCN/MeOH/H2O (45:45:10, v/v/v). 
The separation mode was gradient with a con-
stant flow rate of 1.5 mL min-1:

Chromatography 
time, min Mobile phase A Mobile phase B

0:00 100 0
2:00 100 0

18:00 43 57
19:00 0 100
23:00 0 100
26:00 100 0

The temperature of the thermostat column 
was 40 °C. The pre-column derivatization was 
performed in the automatic programmed mode 
with the FMOC reagent (Agilent 5061-3337) and  
the OPA reagent (Agilent 5061-3335). The deri-
vatized amino acids was detected with a fluores-
cent detector [21].

Sample preparation 
For the extraction of free amino acids, a por-

tion of the sample of the raw material ground to 
a powdery state was placed in a vial, 2 mL of 1N 
hydrochloric acid was added, and the vial was 
kept in an ultrasonic bath at 50 °C for 3 hours. 
For the extraction of general amino acids, a por-
tion of the sample of the raw material ground to 
a powdery state was placed in a vial, 2 mL of 6N 
hydrochloric acid was added, and the vial was 
placed in a thermostat at 110 °C. Hydrolysis was  
carried out for 24 hours. 
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Then 0.5 mL of the centrifuged extract was 
evaporated on a rotary evaporator, and the resi-
due was washed with three portions of distilled 
water to eliminate hydrochloric acid. The extract 
was re-suspended in 0.5 mL of distilled water 
and filtered through regenerated cellulose mem-
brane filters with 0.2 μm pores. The fluorescent 
derivatives were obtained in an automatic pro-
grammed mode before the sample injection into 
the chromatographic column.

The identification of amino acids was perfor- 
med by comparing retention times with a mixtu- 
re of amino acid standards (Agilent 5061-3334).  
The quantitative content of amino acids was cal-
culated from the value of the peak area of the 
amino acids comparing to that one of the ami- 
no acid standards. The quantitative content of 
bound amino acids was determined by subtract-
ing the value of the quantitative content of free 
amino acids from the value of their total quanti-
tative content [22].

■ Results and discussion

The results of the determination of the total 
ash content (%) in the batches of the raw mate-
rial are shown in Figure 1. The total ash content 
was ranged from 0.61 ± 0.02 % (batch 5) to 1.43 ± 
0.05 % (batch 4) and did not exceed 3 % specified 
in the monograph of the SPhU 2.0 [10].

The presence of at least 19 macro-, trace, and  
ultra-trace elements was determined in the bat- 
ches of the raw material. The results of the de-
termination of the macroelemental composition 
of the batches of the raw material of C. islandi- 
ca harvested in Ukraine are shown in Figure 2.  
The quantitative content of macroelements, such  

as potassium, calcium, silicon, magnesium, sodium,  
and phosphorus was determined. The potassium 
content was the highest among the macronutri-
ents in all batches and ranged from 190 mg/100 g  
(batch 6) to 325 mg/100 g (batch 7). There was a suf-
ficiently high content of silicon – from 30 mg/100 g  
(batch 1) to 115 mg/100 g (batch 4) and calcium –  
from 37 mg/100 g (batch 6) to 86 mg/100 g (batch 4)  
(Figure 2).

The results of determining the trace elemen-
tal composition of the batches of the raw mate- 
rial are shown in Figure 3. Among the trace ele- 
ments the quantitative content of zinc, aluminum,  
manganese, iron, strontium, copper, and molyb-
denum was determined.

Compared to other trace elements, a signifi-
cant part was occupied by zinc – from 5.4 mg/100 g  
(batch 7) to 28.6 mg/100 g (batch 4) and alumi- 
num – from 4.6 mg/100 g (batch 6) to 12.2 mg/100 g  
(batch 5).

The pattern of accumulation of the elements 
for the each batch of the raw material studied 
was as follows: 

• batch 1: K > Ca > Si > Mg > Na > P > Zn 
> Al > Mn > Fe > Sr > Cu > Mo;

• batch 2: K > Ca > Si > Mg > P > Na > Zn 
> Al > Fe > Mn > Sr > Cu > Mo;

• batch 3: K > Si > Ca > Mg > Na > P > Zn 
> Fe > Al > Mn > Sr > Cu > Mo;

• batch 4: K > Si > Ca > Mg > Na > P > Zn 
> Al > Mn > Fe > Sr > Cu > Mo;

• batch 5: K > Si > Ca > Na > Mg > P > Al 
> Zn > Fe > Mn > Cu > Sr > Mo;

• batch 6: K > Si > Ca > Mg > Na > P > Zn 
> Al > Fe > Mn > Sr > Cu > Mo;

• batch 7: K > Ca > Si > Mg > P > Na > Al 
> Zn > Fe > Mn > Sr > Cu > Mo.

0 67. ± 0.02

1 15. ± 0.03

0 96. ± 0.03

1 43. ± 0.05

0 61. ± 0.02

0 93. ± 0.02

0 66. ± 0.03

0

0 2.

0 4.

0 6.

0 8.

1

1 2.

1 4.

1 6.

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6 Batch 7

Figure 1. The total ash content (%) in the batches of the raw material of C. islandica harvested in Ukraine
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In all batches of the raw material the quanti-
tative content of molybdenum and cobalt was less 
than 0.03 mg/100 g, the content of cadmium, as-
tatine and mercury was less than 0.01 mg/100 g.  
The quantitative content of nickel did not exceed 
0.128 mg/100 g.

It is important to note that the quantita-
tive content of lead in the raw material ranged 

from 0.067 mg/100 g or 0.67 ppm (batch 1) to  
0.18 mg/100 g or 1.8 ppm (batch 4), which did 
not exceed 10.0 ppm specified in the monograph 
of the SPhU.2.0 [10].

The results of determination of the compo-
nent composition of free and bound nonessential 
and essential amino acids by the HPLC method 
are shown in Table 1 and Figure 4.

Batch 1 Batch 2 Batch 3

Batch 4 Batch 5 Batch 6

Batch 7

– К; – ;Ca – ;Si – ;Mg – ;Na – P

160

40

30

17

13
11 4.

265

80

57

29

19 20

190

57

77

19

17 12 5.

315

86

115

35
30 11 4.

300

50

97

32

34 11 4.

215

37

56

23

14 13

325

55

48

27
14 11 4.

Figure 2. The macroelemental composition of the batches of the raw material of C. islandica (mg/100 g)
 



ISSN 2308-8303 (Print) / 2518-1548 (Online) 36

Журнал органічної та фармацевтичної хімії 2022, 20 (3)

Batch 1 Batch 2 Batch 3

Batch 4 Batch 5 Batch 6

Batch 7

– ;Zn – l;A – ;Mn – ;Fe – ;Sr – Cu

8

6

3 3.

3

0 08. 0 02.

10 3.

6 9.

3 1.

4 4.

0 17. 0 026.

14 4.

7 7.

2 4.

3 4.
0 46. 0 02.

28 6.

10

7 1.

14 3.

0 35. 0 02.

7 3.

12 2.

4 5.

5 8.

0 18. 0 02.

7 4.

4 6.

3 7.

3 9.

0 17. 0 02.

5 4.

6 1.

2 4.

4 7.

0 41. 0 14.

Figure 3. The trace element composition of the batches of the raw material of C. islandica (mg/100 g)
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A

B
Figure 4. The HPLC chromatogram of free (A) and bound (B) amino acids in the raw material of C. islandica
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The presence of at least 7 amino acids was 
determined in the raw material studied, 5 of 
them were nonessential (aspartic acid, glu-
tamic acid, serine, arginine, and alanine) and 
2 acids were essential (threonine and valine).  

The quantitative content of the total amount 
of free nonessential amino acids in the raw 
material was 0.697 μg mg-1, the bound ones –  
2.454 μg mg-1. The quantitative content of the 
total amount of free essential amino acids was 
0.097 μg mg-1, the bound ones – 0.822 μg mg-1.  
The total quantitative content of the total amount  
of free amino acids in the raw material of C. is-
landica was 0.794 μg mg-1, the total amount of 
bound amino acids was 3.276 μg mg-1.

■ Conclusions

For the first time, the elemental composition 
of 7 batches of C. islandica thalli harvested in 
Ukraine was determined. In each batch, potassium 
was the predominant element (from 190 mg/100 g  
to 325 mg/100 g depending on the batch). The com- 
ponent composition of free and bound nonessen-
tial and essential amino acids was determined 
(the quantitative content of the total amount of  
free amino acids was 0.794 μg mg-1, the total 
amount of bound ones was 3.276 μg mg-1). Alanine  
(0.289 μg mg-1) was the dominant component among  
free amino acids, while arginine (0.993 μg mg-1)  
prevailed among bound ones. The results obtained 
will be used for further studies of the raw mate-
rial of C. islandica harvested in Ukraine.
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