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Summary

The medicinal and culinary properties of Angelica archangelica L. have been known and valued since the 
Middle Ages. Ingredients of essential oil and coumarins found in this plant are to a large degree responsible 
for its pharmacological activity. This study is a review of the literature of the most important biologically 
active compounds present in herbal raw materials: root (rhizome with roots) and angelica fruits. Research 
shows that the content of individual compounds of the essential oil and coumarin fraction is variable, which 
may point to a large intraspecific variation. Therefore, these compounds may be good markers for identify-
ing taxa or chemotypes in chemotaxonomic research valuable for the herbal medicine and pharmaceutical 
industry.
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INTRODUCTION

In modern phytotherapy, the demand for precise 
quantitative and qualitative data concerning herbal 
raw material used in the production of medicines 
has been rising, mainly due to restrictive control 

of the quality, safety and biological activity [1, 2]. 
Despite the limitations of the analytical methods, 
the description and chemical characterization of 
variability within the species treated and used as a 
medicinal plant should be complemented. Mate-
rial from the same species may vary significantly in 
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composition of secondary metabolites [3].
The genus Angelica (Apiaceae family) is a large 

and taxonomically complex genus consisting of 
many (90-110) species and varieties, among which 
over 60 species are widely recognized as medicinal 
plants [4]. It is considered to be a highly polymor-
phic group due to huge anatomical diversity of fruit 
and leaf morphology [5]. Due to that fact is very dif-
ficult to distinguishing between Angelica taxa [6].

One of the most important representatives of this 
genus is the Angelica archangelica species, a medici-
nal and aromatic plant native to Europe, with a long 
history of use both for medicinal purposes and as 
a vegetable [7]. Its dried root and essential oil are 
used for the production of liqueurs, perfumes and 
spice extracts. The medicinal raw material men-
tioned in Europaean Pharmacopoeia 9.0 [8] is the 
angelica root (rhizome with roots) containing es-
sential oil and coumarins. Flavonoids, organic acids, 
steroids, saponins, alkaloids, simple sugars and fats 
are also present in the raw material [9]. It can effec-
tively regulate digestive system, stimulate immune 
system and improve resistance of the nervous sys-
tem in anxiety and dementia [10-13]. It also exhibits 
bactericidal, fungicidal and anti-inflammatory ef-
fects [14-16]. The in vitro and in vivo extracts from 
the root of angelica have antitumor potential against 
breast cancer cells [17]. The fruits of angelica were 
previously used in smaller scale. Nowadays, they are 
considered to be a rich source of coumarin com-
pounds with potentially wide range of applications 
in various therapeutic purposes [3, 18-20].

Currently, two taxa of A. archangelica (Aa) are 
distinguished as subspecies: subsp. archangelica 
(former Archangelica officinalis Hoffm.) and subsp. 
litoralis (Fies) Thell. (previously Archangelica litora-
lis Fries) [21].

The natural habitat of the first subspecies is the 
mountainous areas of Europe, the Arctic, the Cauca-
sus and the Himalayas [22], while subsp. litoralis is 
found on the sea coasts and river banks, in moist for-
ests and thickets, as well as in the meadows of north-
ern Europe and Scandinavia [23]. Angelica is culti-
vated as a medicinal and aromatic plant in northern, 
central and western Europe. This species spreads and 
as a synanthropic plant, occupies new areas [24-29]. 
The plants of both taxa differ in their smell and taste, 
which indicates intraspecific variability in the chem-
ical composition. Aa subsp. litoralis is characterized 
by sharper smell and taste than Aa subsp. archangel-
ica, some authors consider it to be inedible [30]. 
However, two subspecies are generally not separated 
in phytotherapy, due to morphological differences 

that are difficult to notice. In the literature, there 
are varieties of A. archangelica subsp. archangelica: 
var. archangelica, var. norvegica (currently included 
in var. archangelica), var. sativa (Mill.) Rikli, var. de-
currens (Lebed.) Weinert [31]. Their morphological 
criteria are not always specified. Occurrence of var. 
archangelica and var. sativa concerns Europe, while 
var. decurrens are distinguished in the Asian part of 
angelica range (eastern Siberia). Pharmacologic and 
chemotaxonomic studies as well as phytochemical 
discoveries are helpful in solving taxonomic prob-
lems encountered by taxonomists [32]. They often 
allow not only to differentiate taxa that are difficult 
to mark on the basis of morphological criteria, but 
also to identify the chemical phenotypes, which can 
be particularly valuable in the case of plants used 
in herbal and pharmaceutical industries or as food. 
Studies indicate that the level of secondary metabo-
lites, which is influenced by genetic regulation, may 
vary within the species depending on geographic 
origin [33-35].

In this context, the analysis of intraspecific vari-
ability of angelica, in terms of main secondary me-
tabolites, such as essential oils and coumarins accu-
mulated in great amounts in the roots and fruit of 
this species, seems to be interesting.

It should be taken into account that the chemi-
cal composition of the analyzed raw material is 
influenced by various parameters, such as genetic 
and environmental factors, the age of the plant and 
the type of organ tested, as well as the harvesting 
method, raw material treatment and analytical tech-
niques used.

CHEMICAL CHARACTERISTICS OF 
ESSENTIAL OIL OF ANGELICA 

Essential oil is obtained from raw material using 
classic and advanced techniques. The most impor-
tant and most commonly used methods of oil iso-
lation are steam distillation and hydrodistillation, 
recently also supercritical fluid extraction (SFE). 
For qualitative analysis of the oil and isolation of its 
compounds gas chromatography coupled with mass 
spectrometry (GC-MS) is widely used.

Essential oils are multi-compound mixtures of 
terpenoid hydrocarbons including mono-, sesqui- 
and diterpene compounds, non‐terpenoid hydro-
carbons and their oxygenated derivatives [36]. One 
oil can contain several dozen different compounds. 
In most oils one main ingredient or a mixture of 
several main ingredients gives the fragrance to the 
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whole oil. Roots and fruits are particularly rich in 
oils. The main ingredients found in angelica essen-
tial oil are listed in table 1.

The presence and proportions of individual in-
gredients determine the aromatic properties of the 
oil. For example, high content of β-phellandrene 
gives the peppery-minty and slightly citrus aroma 
[37]. High concentrations of α- and β-pinen are 
responsible for the terpene fragrance. The pres-
ence of 15-pentadecanolide in the oil is manifested 
by a characteristic ”musky” aroma [38]. Further-
more, some substances such as oxidized 3-carene, 
limonene and α-pinene derivatives can cause aller-
gic symptoms [39] and therefore are not desirable in 
large amounts in medicinal raw material.

Root

Angelica root contains from 0.2 to 0.5% essential oil 
[40]. More than 62 to 100 compounds were identi-
fied in the chemical composition of the oil with the 
use of new analytical methods [41-43].

The largest fraction of the essential oil from angel-
ica root are hydrocarbon monoterpens (±60–88% 
of aromatic compounds of the oil) and oxygenated 
compounds [38, 44, 45]. A significant fraction of the 
oil are sesquiterpene hydrocarbons, which account 
for 8% in steam distillation [42] and for 10–24.7% in 
Soxhlet extracts [46]. This hydrocarbon group con-
sisted of numerous compounds that were detected 
in small amounts. Other compounds at higher con-
centrations included lactones of 13-hydroxytrideca-
noic acid and 15-hydroxypentadecanoic acid, which 
are among the typical fragrance compounds found 
in angelica. The content of 13-tridecanolide ranged 
from 2 to 2.7%, and 15-pentadecanolide from 3 to 
5.9% [46]. Coumarins were usually found in small 
amounts in the oil.

The characteristic feature of monoterpenic hydrocar-
bons is the clear dominance of one of the compounds. 
The most commonly found monoterpenes, such as 
α-pinene, α- and β-phellandrene, 3-carene and 
limonene, are considered to be important species-
specific compounds [47]. Angelica β-phellandrene 
was mentioned as the main compound occurring 
both in the root and fruits [48].

Studies on the essential oil of angelica root of Eu-
ropean origin have shown diversity in its composi-
tion depending on the area of occurrence and the 
variety (tab. 1). The biggest differences concerned 
β-phellandrene level. Several types of oil can be 
distinguished, according to the main ingredient, 

in which β-phellandrene, α-pinene, sabinene and 
myrcene are the dominating ones. Essential oil from 
plant roots growing in Scandinavia usually con-
tains β-phellandrene or β-phellandrene as a main 
ingredient along with α-pinene, which constitute 
about 50% of the monoterpenes fraction [38, 42, 
46, 49]. The highest values of β-phellandrene were 
found in raw material obtained from northern Eu-
rope (Finland, Norway), where this type of oil is the 
most common one. As the dominant compound 
of the root, β-phellandrene was also found in Cen-
tral and Eastern Europe, but concentrations of this 
compound were lower [40]. In most materials from 
Central, Southern and Eastern Europe, the main 
compound of the oil in angelica root was α-pinene 
[14, 43, 50-53]. Sabinene was found in large quan-
tities in raw material from western and northern 
parts of Finland [45, 54]. In the root of cultivated 
var. sativa, sabinene was the dominant compound 
of the oil [49]. In one Finnish population, the domi-
nant compound of the isolated oil was myrcene [45]. 
A significant substance among main oil compounds 
was also 3-carene. It was often present in high con-
centration as the second or third most important es-
sential oil compound, and in some cases as a main 
compound [55]. It has been observed that popula-
tions of different origins may differ in the presence 
or absence of 3-carene [54]. Moreover, there is a 
high diversity of chemical oil composition among 
aforementioned angelica taxa. Forsén [38] assessed 
the composition and content of essential oil of two 
angelica varieties – var. norvegica (now var. arch-
angelica) and var. sativa, which originate from culti-
vation in southern Finland. Both forms of angelica 
had different flavors, which was confirmed by chem-
ical analysis. Varieties differed mainly in the relative 
amount of β-phellandrene, α-pinene, limonene and 
p-cymene. The main compound of var. norvegi-
ca was β-phellandrene (24.78–28.18%), followed 
by α-pinene (14.52–18.14%) and α-phellandrene 
(9.61–14.35%), while in var. sativa α-pinene (21.12–
31.19%) was a dominant, followed by β-phellandrene 
(13.88–16.03%) and α-phellandrene (2.38–10.04%). 
High concentrations of limonene and p-cymene 
have also been reported, although in var. sativa lev-
els of limonene and p-cymene were slightly higher 
than in var. norvegica.

Similar comparative studies were conducted by Kerro-
la et al. [49] for var. archangelica, growing wild in Finland 
and var. sativa coming from Hungary. Volatile substanc-Volatile substanc-
es were isolated from the roots of plants cultivated 
in two locations in the south and north Finland. The 
raw material was subjected to Soxhlet extraction, gas 
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Part of 
plant

Origin Major compounds [%] References

Root Germany/commercial sample α-pinene (24%); limonene (13.2%); 3-carene (10.1%); β-phellandrene (10%); p-cymene 
(9.8%); α-phellandrene (7.6%)

[43]

Root Germany/commercial sample β-phellandrene; p-cymene; α-pinene; sabinol; 3-carene [42]

Root Finland; Aa subsp. archangelica var. 
archangelica

β-phellandrene (24.78–28.18%); α-pinene (14.52–18.14%); α-phellandrene (9.61-14.35%); 
limonene (5.81–7.09%); p-cymene (3.26–5.32%)

[38]

Root Finland; Aa subsp. archangelica var. 
sativa

α-pinene (25.24–30.51%); β-phellandrene (14.04–14.58%); α-phellandrene (9.53–10.04%); 
limonene (8.44–8.54%); p-cymene (5.20–6.25%)

[38]

Root Finland; Aa subsp. archangelica var. 
sativa

α-pinene (21.12–31.19%); β-phellandrene (13.88-16.03%); limonene (10.83–11.53%); 
p-cymene (8.33–11.30%); myrcene (3.15–4.62%)

[38]

Root Finland/Finnish Lapland; Aa subsp. 
archangelica var. archangelica

β-phellandrene (12.3–15.4%); α-pinene (2.2–9.1%); 15-pentadecanolide (3.0–4.1%); sabinene 
(3.3–3.9%); 3-carene (0.2–3.5%) [49]

Root Finland/cultivation Aa subsp. 
archangelica var. sativa

sabinene (5.9–14.8%); α-pinene (4.8–9.9%); 15-pentadecanolide (4.2–5.9%); 3-carene (2.7–
6.7%); β-phellandrene (2.1–4.0%); limonene (1.9–4.6%) [49]

Root Island α-pinene (65.3%); limonene (5.3%); β-phellandrene (5.3%); myrcene (4.2%); 3-carene (4.2%) [45]

Root Norway β-phellandrene (28.3–41.9%); α-pinene (17.7–22.9%); 3-carene (6.0–15.3%); myrcene (5.4–
13.3%); limonen (5.0–7.1%) [45]

Root Finland/Kemi Lapland β-phellandrene (12.4–49.3%); α-pinene (8.4–25.1%); sabinene (6.8–25.5%); myrcene (7.3-
19.4%); limonene (2.6–6.2%) [45]

Root Finland/Inari Lapland β-phellandrene (25.5–45.2%); α-pinene (11.6–29.2%); myrcene (6.0–24.4%); sabinene (0.8–
15.9%); 3-carene (2.8–15.0%); limonene (4.4–6.8%) [45]

Root Finland/Inari Lapland α-pinene (29.2–46.1%); β-phellandrene (12.5–28.8%); myrcene (8.7–16.1%); limonene (6.1–
6.6%); sabinene (3.2–5.6%); 3-carene (3.8%) [45]

Root Finland/Somerniemi myrcene (41.3–46.8%); β-phellandrene (24.0–25.0%); α-pinene (10.3–12.6%); limonene (6.7-
6.9%); p-cymene (5.3–9.2%) [45]

Root Finland/West&North Lapland α-pinene (19–42%); sabinene (21–28%); 3-carene (0–22%) [54]

Rroot Greenland and Faroe Island/
cultivation in Sweden α-pinene; α-phellandrene; tridecanolide; pentadecanolide [44]

Root France/French Massive Central; 
tubers/rootlets/roots

α-pinene (22.21–28.65%); 3-carene (15.80–17.23%); β-phellandrene (6.68–8.35%); limonene 
(7.05–8.39%); p-cymene (5.99–6.58%) [53]

Root Denmark; Aa subsp. archangelica
var. norvegica 3-carene (13.0%); α-pinene (9.8%); limonene (7.3%) [55]

Rroot Romania α-pinene (16.66%); limonene (13.12%); α-phellandrene (11.27%); β-phellandrene (8.92%); 
3-carene (8.69%); p-cymene (5.56%); t-ocimene (5.43%) [41]

Root 1-2 
mm Italy α-pinene (23.89%); 3-carene (3.41%); limonene (2.43%); myrcene (2.13%); germacrene D 

(2.1%) [52]

Root 3-4 
mm Italy α-pinene (35.7%); sabinene (7.0%); 3-carene (4.6%); limonene (3.6%); β-phellandrene (2.3%); 

myrcene (1.5%); germacrene D (1.5%) [52]

Root >5 
mm Italy α-pinene (32.69%); 3-carene (17.07%); limonene (6.59%); myrcene (5.87%); α-phellandrene 

(3.74%); β-phellandrene (3.43%) [52]

Root Lithuania/Svecionys District α-pinene (15.7–19.1%); 3-carene (15.4–16.9%); limonene (8.0–9.2%); sabinene (5.0–7.5%) [40]

Root Lithuania/Prienai District α-pinene (19.4–20.8%); β-phellandrene (13.5–15.4%); 3-carene (13.2–14.2%); α-phellandrene 
(8.0–9.1%) [40]

Root Lithuania/Vilnius Distrisct β-phellandrene (13.8–18.5%); α-pinene (11.4–15.0%); 3-carene (10.8–11.9%); p-cymene 
(6.8–10.6%); α-phellandrene (5.9–8.6%) [40]

Root Lithuania/cultivation β-phellandrene (15.1%); α-pinene (11.2%); 3-carene (10.6%); p-cymene (6.8%); 
α-phellandrene (5.4%) [40]

Root Italy/cultivation α-pinene (21.3%); 3-carene (16.5%); limonene (16.4%); α-phellandrene (8.7%) [14]

Root Serbia α-pinene (29.7%); 3-carene (14.2%); β-phellandrene + limonene (13.2%) [50]

Fruit Poland β-phellandrene; copaene; humulene, β-bisabolene [57]

Fruit Poland/commercial sample β-phellandrene (59.4%); α-pinene (2.9%); α-phellandrene (2.3%); α-humulene (3.3%); 
germacrene D (3.1%) [58]

Seeds Finland/West Lapland β-phellandrene (82.1%); α-pinene (5.5%); α-phellandrene (3.8%); myrcene (3.4%) [54]

Seeds Finland/East Lapland β-phellandrene (66.4%); sabinene (11.3%); α-pinene (8.7%); myrcene (7.3%) [54]

Seeds Finland/North Lapland β-phellandrene (74.0%); α-pinene (9.4%); sabinene (5.4%); α-phellandrene (4.3%); myrcene 
(4.0%) [54]

Fruit Island β-phellandrene (37.8%); α-pinene (28.9%); α-phellandrene (1.7%) [48]

Fruit Island α-pinene (41.4%); sabinene (2.1%); β-pinene (1.7%); β-phellandrene (0.0%) [48]

Fruit Lithuania/Svencionys District β-phellandrene (43.8%); α-pinene (9.1%); germacrene D (3.0%); α-phellandrene (2.7%); 
myrcene (2.5%); sabinene (2.5%) [59]

Fruit Lithuania/Prienai District β-phellandrene (33.6%); α-pinene (12.8%); α-phellandrene (7.4%); sabinene (4.6%); β-pinene 
(3.7%); myrcene (2.0%) [59]

Fruit Lithuania/Vilnius District β-phellandrene (63.4%); α-pinene (4.2%); sabinene (3.3%); α-phellandrene (2.6%); myrcene 
(2.0%) [59]

Fruit France/Le Havre, Thiais/cultivation; 
Aa subsp. archangelica var. sativa β-phellandrene (64.9-65.8%); α-pinene (2.3–6.6%); myrcene (2.4–3.2%) [56]

Fruit France/Fortvert; Aa subsp. litoralis β-phellandrene (76.0%); α-pinene (4.2%); α-phellandrene (3.4%) [56]

Table 1. 
Major constituents and composition of essential oil [%] from Angelica archangelica



66 A. Forycka, W. Buchwald

chromatography and gas chromatography-mass spec-
trometry. Studies on root have clearly shown different 
compositions of volatile substances in var. archangel-
ica and var. sativa which confirms the results obtained 
by Forsén [38]. The most abundant compound in the 
roots of var. archangelica was β-phellandrene (12.3–
15.4%), while in var. sativa – sabinene (5.9–14.85%). 
The α-pinene, 15-pentadecanolide and 3-carene were 
a significant part in the chemical composition of both 
forms. 

Geographic diversity of the composition of the 
oil from angelica root growing in Northern Europe 
was analyzed by Ojala et al. [45]. They examined 
the plants from 15 populations from Finland, Ice-
land and Norway, grown in identical conditions. 
The main compounds were β-phellandrene and 
α-pinene, followed by sabinene, limonene, myrcene, 
p-cymene and 3-carene. Among those populations, 
sample from Iceland stood out by the very high 
concentration of α-pinene (65.3%). In populations 
of Finland and Norway differences in the compo-
sition of essential oils were observed, according to 
the latitude gradient. Besides β-phellandrene, which 
was the main ingredient, Finnish populations from 
the north (Inari Lapland) contained relatively high 
amounts of sabinene, while Norwegian - low levels 
of myrcene and p-cymene. One of Finnish popula-
tions from the southern part of Inari Lapland was 
characterized by a high α-pinene content. The 
population from southern Finland (Somerniemi) 
differed from the northern one in high concentra-
tion of myrcene, which was the dominant com-
pound of the oil.

Geographical differences were also found in the 
content of 3-carene – the level of this compound was 
the lowest in the population of the south of Finland 
(0–0.2%), the highest in populations harvested from 
northern Finland and Norway (to 15.3%).

The study of essential oil from angelica plants 
growing wild in Lithuania was carried out by Nivin-
skiene et al. [40]. Th ey analyzed the chemical com-They analyzed the chemical com-
position of the oil from 12 root samples collected 
from three locations in the natural state (Svencionys, 
Prienai and Vilnius district), which were compared 
with the roots from the cultivation in Vilnius. At two 
sites (Svencionys and Prienai) the main compound 
of the oil was α-pinene, whose level ranged from 
15.7% to 20.8%. The content of other ingredients 
varied. At one of the sites (Svencionys) the samples 
were found to have high concentration of 3-carene, 
limonene and sabinene. In the second site (Prien-
ai), apart from α-pinene, β-phellandrene, 3-carene 
and α-phellandrene had high concentrations. The 

biggest difference in the proportion of the main com-
pounds was observed in the third site (Vilnius dis-
trict), where the compound was β-phellandrene in 
concentrations 13.8–18.5%, and only the next com-
pound α-pinene, 3-carene and cymene. Angelica 
root oil from cultivation contained β-phellandrene 
(15.1%) as the dominant compound. 

The content and composition of angelica oil in in-
dividual stages of plant development were assessed 
by Ojala et al. [45]. The level of essential oil in the 
roots harvested in the second and  third years of 
plant vegetation was 0.3–0.8% d.m. and 0.27–1.1% 
d.m., respectively. Despite the quantitative differ-
ences in subsequent years, the composition of oils in 
the tested samples did not change.

Chalchat and Garry [53] analyzed the chemi-
cal composition of underground parts of plants of 
angelica used as a raw material: rootlets, roots and 
tubers. All parts of the raw material had a simi-
lar oil composition characterized by a high con-
tent of α-pinene (over 30%) and a low content of 
β-phellandrene (1.3%). Higher amount of oil was 
obtained from roots (0.45%) than from tubers or 
rootlets (0.17–0.33%). 

Pasqua et al. [52] compared the accumulation 
of essential oils at various stages of development of 
angelica roots. The amount of oils increased with 
the degree of root differentiation and reached the 
highest level in roots thicker than 5 mm. Regardless 
of the degree of root development, the dominant 
compound was α-pinene (23.89–35.7%). The level 
of individual compounds changed in subsequent 
stages of development. A correlation was found be-
tween the plant development stage and the content 
of 3-carene, whose level increased in successive de-
grees of root differentiation [38].

It was found that the chemical composition of the 
raw material varies depending on the form of storage. 
Nivinskiene et al. [51] studied the oil of angelica root 
stored unshreeded, ground or unground for 2.5 months. 
In the unshreded yield monoterpenes hydrocarbons 
(66.7–72.5%) were the largest part, and the main com-
pound of the oil was α-pinene (15.7–19.4%). Impor-
tant ingredients were, depending on the plant origin, 
3-carene, limonene or β-phellandrene. The amount of 
monoterpene hydrocarbons in the root stored in pow-
dered form decreased in relation to the raw material – it 
evaporated in about 70%, and the content of the main 
compounds (α-pinene, 3-carene and limonene) de-
creased 3.5–4 times. 

Comparison of the most commonly used extraction 
methods, such as steam distillation and hydrodistilla-
tion, indicate a similar composition and proportions of 
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ingredients of the oil [53].
The SFE method has been optimized for the iso-

lation of volatile substances from angelica root. For 
this purpose, Nykänen et al. [42] used supercritical 
CO2 extracts obtained in various conditions (temp. 
40°C, pressure 80–400 bar). Overall volatile com-Overall volatile com-
pound yield and composition varied depending 
on the pressure used: 0.13–0.55% oil was obtained, 
with the highest monoterpenoid content acquired 
at 100 bar. It has been shown that, compared to the 
traditional method of steam distillation, the SFE 
method was more efficient, with different volatile 
compound profiles under different extraction con-
ditions.

The advantage of the SFE method, compared to 
steam distillation or liquid solvent extraction, is that 
it does not cause significant thermal degradation 
of unstable compounds, it does not create artifacts 
and solvent contamination, which results in a higher 
quality of oil [41].

Fruit

The content of essential oil in the fruit ranged 
from 0.01 to 2.0% [48]. The highest oil content was 
achieved in fully riped fruits [56].

Gawdzik et al. [57] analyzed the fractions of an-
gelica essential oil obtained from the fruit by SFE 
with carbon dioxide at varying temperatures. The 
following oils compounds, typical for angelica, were 
identified in particular fractions: β-phellandrene, 
humulene, β-bisabolene.

Studies of angelica oil in terms of geograph-
ic variability revealed significant differences in 
chemical composition. Holm et al. [54] examined 
seed extracts from angelica collected from sites in 
the northern, eastern and western parts of Lap-
land (northern Finland). Th e seed oil was domi-The seed oil was domi-
nated by β-phellandrene, which accounted for 
over 60% of all volatile compounds. The content 
of other ingredients depended on the plant ori-
gin. Among the compounds of great importance 
for the composition of the oil were α-pinene, sab-
inene, myrcene and α-phellandrene. Despite high 
variability in monoterpenes, and composition be-
tween individual samples, a certain pattern of geo-
graphical differences was observed. The concentra-
tion of β-phellandrene in the extracts was higher in 
the west than in the east. β-phellandrene level was 
highest for seed samples from the north. Seed ex-
tracts from eastern Lapland, in turn, were notable 
for high concentration of sabinene and myrcene, as 

compared to other regions.
Samples of angelica fruits originating from Ice-

land, despite the lack of clear morphological dif-
ferences between plants and their fruits, varied in 
content of essential oil as well as its chemical com-
position [48]. Two different types of oils have been 
identified, characterized by the presence or absence 
of β-phellandrene. In samples with a higher content 
of essential oil (0.32–0.51%) a dominant compound 
was β-phellandrene (37.8–55.2%). In the sample 
with low oil content (0.17%), no β-phellandrene 
was found, while the main compound was α-pinene 
(41.4%).

Wolski et al. [58] analyzed the essential oil of angelica 
grown in Poland. The most important compounds of the 
fruit oil were monoterpenes, primarily β-phellandrene 
(59.4%), α-pinene (2.9%) and α-phellandrene (2.3%). 
Sesquiterpenes such as α-humulene, α-copaene and 
germacrene D were also abundant.

Nivinskiene et al. [59] examined the compo-
sition of essential oils from the fruit from three 
angelica sites growing wild in Lithuania. These 
tests represented a chemotype with predominant 
β-phellandrene (33.6–63.4%), where α-pinene 
was also present in large quantities (4.2–12.8%). 
Third site, depending on the origin of the sample, 
was occupied by α-phellandrene, germacrene D or 
sabinene. Essential oils of fruit from one sample 
from Lithuania, Poland, and Finland (West Lap-
land) were similar in terms of the main compounds 
(β-phellandrene, α-pinene and α-phellandrene). 
However, in other sample from Lithuania the base 
oil composition (β-phellandrene, α-pinene, sab-
inene, α-phellandrene and myrcene) was the same 
as in the sample from Finland (North Lapland).

Bernard [56] studied the Angelica archangelica 
oil from France. Fruits of cultivated var. sativa, var. 
sativa growing wild and the population of Aa subsp. 
litoralis from the coast were compared. The domi-
nant compound of the oil in the tested samples was 
β-phellandrene, whose concentration ranged from 
64.9–65.8% in var. sativa, up to 76.0% in subsp. 
litoralis. The other main ingredient of the oil was 
α-pinene. The composition and level of other com-
pounds were substantially different. Essential oil 
composition of var. sativa consisted of more ingre-
dients than subsp. litoralis.

CHEMICAL CHARACTERISTICS OF 
COUMARINS OF ANGELICA

Coumarins are one of the most characteristic and 
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distinctive chemical markers for the genus Angelica 
and the Apiaceae family [60]. Coumarins are benzo-
α-pyrone derivatives. They are also classified as phe-
nylpropane derivatives due to their biogenetic origin 
and the presence of the basic C6 –C3 skeleton in the 
lactone system [61]. As compounds with a lactone 
structure, they are biologically active compounds 
with very different properties depending on the type 
of compound. Therefore, knowledge of the compo-
sition of the raw material is important for therapeu-
tic purposes. Among coumarins found in angelica, 
simple coumarins and furanocoumarins are most 
often identified and present in raw material. Simple 
coumarins are derivatives of coumarin, with sub-
stituents mainly in the C7, C6 and C3 position of 
the benzopyrone skeleton. Furanocoumarins (lin-
ear and angular) are compounds with an additional 
five-membered furan ring attached to the coumarin 
core at C6 and C7 or C7 and C8 [62]. Linear furano-
coumarins such as 8-methoxypsoralen (xanthotox-
in) and 5-methoxypsoralen (bergapten) have strong 
photosensitizing properties, which may cause skin 
irritation as well as abnormal   pigmentation, itch-
ing and erythema [63]. Nevertheless, in adequate 
amounts the compounds are used for treatment of 
skin lesions (vitiligo and psoriasis) [64]. Many cou-
marins including phellopterin, imperatorin, osthole 
have a sedative effect on the central nervous system 
[11]. Dihydroxide furanocoumarins have a spasmo-
lytic and vasodilating effect [65].

The basic method used to study coumarin com-
pounds in plants is TLC and HPLC [61, 66, 67]. The 
HPLC-MS is used for the analysis of this group of 
compounds, as a faster and more efficient method, 
which enables identification of compounds that are 
otherwise difficult to distinguish [68]. Nowadays, 
extraction in the supercritical state SFE is more 
commonly used in isolation of natural substances 
rather than the traditional method of extraction 
with organic solvents or steam distillation [16].

So far, over 30 coumarin compounds were isolated 
and identified in the angelica plant, 27 of them were 
found in the root, 17 in fruit and 5 in leaves [69]. The 
main coumarins reported in the angelica root and fruit 
are listed in table 2. The dominant ingredient found in 
raw materials was imperatorin [67]. However, there are 
several studies that have analyzed the intra-species di-
versity of A. archangelica in more detail. Separation of 
individual coumarins is not easy due to the large simi-
larity of structure in this group of compounds [70]. 
Therefore, the most attention was paid to analytical 
techniques to optimize the methods of obtaining cou-
marins from the raw material.

Root

Angelica root contains from 0.001 to 0.008% of 
coumarin compounds [62]. In root extracts, main-
ly linear furanocoumarins have been isolated and 
identified, among others imperatorin, bergapten, 
isoimperatorin, isopimpinellin, oxypeucedanin, ox-
ypeucedanin hydrate, and xanthotoxin. Mentioned 
substances were found in the root irrespectively of 
the origin of raw material. In the raw material sim-
ple coumarins – osthenol, osthole, ostruthol, um-
belliferone as well as angular coumarins – angelicin 
and archangelicin are present. Differences concern-
ing coumarin composition in the root analyzed by 
different scientists are compared in table 2.

Cisowski et al. [71] examined chloroform extracts 
of the root of A. archangelica – a commercial sample 
of raw material and Aa subsp. litoralis originating 
from the natural site in northern Poland (Mielno). 
In the tested samples of both taxa they identified 
13 coumarins: imperatorin, bergapten, isoimpera-
torin, isopimpinellin, oxypeucedanin, oxypeuced-
anin hydrate, archangelicin, xanthotoxin, ostruthol, 
umbelliprenin, umbelliferone, osthenol and osthole.

Härmälä et al. [72] detected the presence of 
15 coumarin compounds in the root of angelica. In 
addition to the above mentioned compounds, the 
new ingredients isolated and identified in the an-
gelica root were as follows: psoralen, phellopterin, 
byakangelicin angelate, 2'-angeloyl‐3'-isovaleryl 
vaginate and 8‐[2-(3‐methylbutroxy)‐3‐hydroxy‐3‐
methylbutoxy] psoralen.

Wszelaki et al. [73] conducted the survey of cou-
marins by HPLC-MS-DAD method in hexane ex-
tracts of angelica root grown in Poland. The TLC 
bioautography-guided fractionation and spectro-
scopic analysis enabled the isolation and identifica-
tion of heraclenol-2'-O-angelate in root extracts.

Among 20 tested organic compounds used for 
extraction, chloroform was proven to be the most 
effective solvent for extraction of coumarins from 
plant material [72].

Fruit

The concentration of coumarins in angelica fruits 
reached up to 3.5% [76, 77]. Among known and 
available substrates, angelica fruit is one of the 
richer sources of furanocoumarins. The coumarin 
fraction in the fruit consisted mainly of imperato-
rin, isopimpinelin, phellopterin, bergapten, isoim-
peratorin, xanthotoxin [70, 73, 78]. The dominant 
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Compound/
References

Root Fruit

[71] [72] [68] [73] [74] [78] [70] [71] [57] [75] [80] [77] [66] [3] [16] [73]

Osthenol + + + +

Umbelliprenin + + 0.31

Umbelliferone + + + +

Osthole + + + + + +

Scopoletin +

Angelicin + 0.01 +

Archangelicin + + + + + +

Bergapten + + + + + 0.33 + + 0.29 + 0.16–0.56 0.59 + 0.06–0.40 + +

Imperatorin + + + + + 1.31 + + 2.44 + 0.96–2.57 2.33 + 0.58–1.55 + +

Isoimperatorin + + + + + + + 0.04 + 0.03–0.62 + +

Isopimpinellin + + + + 0.12 + + + + +

Oxypeucedanin + + + + + 0.13 + 0.00–0.64

Oxypeucedanin 
hydrate + + + + +

Xanthotoxin + + + + + 0.13 + 0.25 + 0.09–0.51 0.08 + 0.06–0.36 + +

Xanthotoxol + 0.01

Ostruthol + + + + +

Psoralen + + 0.30

Phellopterin + + + 0.66 + + 0.11-0.75 +

Byakangelicin + + +

2'‐Angeloyl‐3'‐
isovaleryl vaginate + +

8‐[2‐(3‐
Methylbutroxy)‐3‐
hydroxy‐3‐
methylbutoxy]
psoralen 

+

Heraclenol-2'-O-
angelate +

Pimpinellin +

Table 2. 
Coumarin content in Angelica archangelica [%]

ingredient was imperatorine, which constituted 
from 1.31 to 2.57%. Further compounds are phellop-
terin (0.66%) and bergapten (0.33%) [78], bergapten 
(0.29%) and xanthotoxin (0.25%) [79] or bergapten 
(0.59%) and umbelliprenin (0.31%) [77] depending 
on the origin of the raw material. The imperatorine 
content was usually 2–4 times higher than the next 
compound. Research shows that imperatorine can 
constitute even over 80% of the furanocoumarins 
fraction in angelica fruit [16, 79].

The diversity of coumarins within the Angelica 
archangelica species was discussed by Sigurdsson 
et al. [3]. The fruit collected from 64 sites in Ice-
land was analyzed. Raw material from the south of 
country was rich in isoimperatorin and bergapten. 
Samples from the northern part of the country were 
distinguished by a high content of oxypeucedanin, 
which was often absent in samples from the south. 
Results of the study indicate that the level of furano-
cumarins and proportions of individual compounds 
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Aa vary significantly depending on the geographical 
origin of the plants, which makes it difficult to clas-
sify plants into subspecies.

Wierzchowska-Renke et al. [80] compared the 
chemical composition of A. litoralis fruits from 
9 natural sites from northern Poland. The content 
of sum of furanocoumarins in fruits ranged from 
14.24 to 36.4 mg/g. Fruits of plants originating from 
different sites differed in the concentration of the 
test compounds by more than double.

Modern analytical techniques have been tested 
in order to improve the isolation and identification 
of coumarins from angelica fruit. Wolski et al. [16] 
obtained a furanocoumarin complex from angelica 
fruits using supercritical extraction (SFE) on a pre-
parative scale. The best results of furanocoumarin 
content were obtained in extraction conditions car-
ried out for 10 hours at a temperature of 40o C and a 
pressure of 200 bar. Analysis of the composition and 
percentage of the main furanocoumarins in angel-
ica fruits showed that imperatorin is the dominant 
ingredient and other substances such as isopimpi-
nellin, xantotoxin and bergapten are also present in 
high concentrations.

The impact of different methods of extraction on 
furanocoumarins yield was tested by Waksmundz-
ka-Hajnos et al. [78]. Samples were analyzed using 
the HPLC with extracts from angelica fruit obtained 
by: Soxhlet extraction, ultrasound-assisted extrac-
tion (USAE), microwave-assisted solvent extraction 
(basis) in open and closed systems, and accelerated 
solvent extraction (ASE). Among the methods test-
ed, the highest yield of coumarins was obtained with 
the help of ASE method, using methanol (tempera-
ture 100–130o C, time 10 min.). The proportions of 
the main coumarins in individual extraction meth-
ods remained at a similar level.

An alternative to conventional methods for iso-
lating furanocoumarin from fruit was proposed by 
Oniszczuk et al. [20]. The yield was prepared by ma-
trix solid-phase dispersion (MSPD) method com-
pared with ultrasonification with solid-phase ex-
traction (USAE-SPE) and then HPLC analyses were 
performed. Research results indicate that the matrix 
solid-phase dispersion (MSPD) is an effective, sim-
ple and fast method suitable for the isolation of fura-
nocoumarins from medicinal raw materials.

Sieniawska et al. [70] described a method of re-
peatedly developing HPTLC at a constant distance 
with a decreasing gradient of the developing system 
as the optimal procedure for analyzing the coumarin 
fraction in the angelica fruit extract. It can be used 
as a routine screening procedure for the detection 

and verification of coumarin compounds in the raw 
material.

CONCLUSIONS

A survey of the scientific literature indicates that 
composition of tested essential oils and profile of 
coumarin compounds in Angelica archangelica 
shows significant differences depending on the ori-
gin of the plant, which can have an impact on bio-
logical activity of the raw material. 

Analysis of collected data shows similarity of 
both essential oil components and volatite substances 
present in extracts. Different techniques used for de-
terminig coumarin components yielded comparable 
results.

Review of studies on angelica points at numerous 
chemical markers which can be used for identification 
and authentication of raw material. Moreover, they can 
also be helpful for chemotaxonomic studies to show 
both similarities and differences between samples.

Ethical approval: The conducted research is not re-
lated to either human or animal use.
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