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Chemotypical Variation of Tansy (Tanacetum vulgare L.) from
40 Different Locations in Norway

JENS ROHLOFF,*'T RUTH MORDAL,* AND STEINAR DRAGLAND¥
The Plant Biocenter, Department of Biology, Norwegian University of Science and Technology
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Between 2001 and 2002, plant collections from wild populations of Norwegian tansy (Tanacetum
vulgare L.) were studied with a focus on essential oil (EO) yield and composition in order to characterize
the chemotypical EO variability. Tansy collections of 40 different locations from North, Mid-, and
South Norway were transplanted to the Apelsvoll Research Centre Div. Kise in 2000 and grown for
2 years before the aerial parts (leaves and flower buds) were harvested in June 2002. The EO from
individual plants was isolated from dried plant material by hydrodistillation and analyzed by gas
chromatography—mass spectrometry (GC-MS) on a DB5 column at the Plant Biocenter. The EO
yield ranged between 0.35 and 1.90% (v/w) (average: 0.81%); the most abundant thujone plants
were especially rich in EO volatiles (0.95%). On the basis of GC-MS data, seven chemotypes could
be identified as follows: A, a-thujone (two individuals); B, p-thujone (22); C, camphor (six); D,
chrysanthenyl acetate/chrysanthenol (three); E, chrysanthenone (two); F, artemisia ketone/artemisia
alcohol (three); and G, 1,8-cineole (two). The thujone chemotype was dominated by j-thujone (81%)
associated with a-thujone, but tansy plants rich in a-thujone were also detected (61%). The
chemotypical classification of Norwegian tansy genotypes was underscored by preliminary studies
from 2001, indicating the genetic uniformity and biochemical stability of the domesticated plants.

KEYWORDS: Tansy; Tanacetum vulgare ; chemotypes; essential oil (EO); terpenoids; GC-MS; hydrodis-
tillation

INTRODUCTION several interesting irregular monoterpenes and with regard to
i . the plants polymorphic characteristics.

Tansy (Tanacetumulgare L.) is a perennial herb of the Tansy EO is known for highly infraspecific variability, and
Asteraceae family (Compositae), being adapted to the northernmay chemotypes from different geographical regions have been
climate and growing widely in Europe, Asia, and North nyestigated10—22). Chemotypical compounds being reported
America. Belonging to the group of so-called aromatic plants, gre monoterpenes and sesquiterpenes, which are widely dis-
tansy has traditionally been used as a spicy additive for food, triputed in the genuZanacetunin general 23—26). The most
in cosmetics, and as a herbal remedy due to its biologically common tansy chemotypes reported from another Nordic
active compounds. Besides the scientifically important and country, Finland, are camphor and thujone, whereas the sabinene
closely related species feverfei. (partheniumand Dalmatian and umbellulone types were found less frequently in natlBge (
insect flower T. cinariifolium), significant applications for tansy ~ 27). On the basis of the volatile compounds from tansy flower
have not been found yet. Plant extracts and essential oils (EOsheads, six chemotypes were recently reported by Keskitalo and
from tansy are known for their distinct medicinal, antimicrobial, co-workers: artemisia ketone, camphor, 1,8-cineole, davanone,
antioxidant, insecticidal, and attractant propertisimportant thujone, and tricyclene- S-myrcene (22).
secondary metabolites such as sesquiterpene lact@nés, ( The aim of the present study was to characterize the specific
flavonoids 4, 5), and polysaccharide§,(7) have been isolated  chemotypical variation of Norwegian tansy by investigating
and reported in detail. Besides the main active sesquiterpeneplant collections from 40 different locations in Norway from
lactone parthenolide (89), which is commonly found in the South to the North in order to identify unique chemotypes
feverfew, the EO fromTanacetumuoulgare has especially ~ with commercial value for biotechnological, medicinal, and
attracted attention in the past 5 years due to the occurrence ofagricultural utilization.

MATERIALS AND METHODS
* To whom correspondence should be addressed. Tel: 0047 73590174. - : -
Fax: 0047 73590177. E-mail: jens.rohloff@bio.ntnu.no. Plant Material. The geographical locations of the 40 tansy plants

T Norwegian University of Science and Technology (NTNU). collected and used in this study are presentetiahle 1 andFigure
* The Norwegian Crop Research Institute (Planteforsk). 1. The plants were transplanted in 2000 to the Apelsvoll Research
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Table 1. Location, Latitude, and Chemotypical Classification of
Norwegian Tansy (A = a-Thujone; B = f-Thujone; C = Camphor; D
= (E)-Chrysanthenyl Acetate/Chrysanthenol; E = Chrysanthenone; F
= Artemisia Ketone; and G = 1,8-Cineole)

no. county location latitude chemotype
11 Aust-Agder Risgr 58°43' B
2-1 Rogaland Vigrestad 58°34' B
31 Telemark Siljan 59°18' A
32 Siljan 59°18' B
4-1 Akershus Asker 59°50' B
4-2 Asker 59°50' E
5-1 Buskerud Lierskogen 59°47' C
6-1 Sogn og Kaupanger 61°11' F
6-2 Fjordane Viksdalen 61°22' B
6-3 Viksdalen 61°22' A
6-4 Luster 61°26" G
7-1 Oppland Begna 60°34' C
7-2 Heggenes 61°11' D
7-3 Bgverdalen 61°44' C
8-1 Hedmark Hamar 60°48' B
8-2 Hamar 60°48' B
8-3 Brumunddal 60°53' D
84 Alvdal 62° 6' C
8-5 Alvdal 62° 6' B
9-1 Mare og Vikebukt 62°37' B
92 Romsdal Elnesvagen 62°52' B
10-1 Nord- Inderay 63°53' C
10-2 Trandelag Nord-Statland 64°30" B
11-1 Nordland Brgnngysund 65°28' B
11-2 Branngysund 65°28' B
11-3 Hattfjelldal 65°36' B
11-4 Storforshei 66°24' B
11-5 Rekland 66°49' E
11-6 Hamargy 68° 8’ C
11-7 Ankenesstrand 68°25' G
11-8 Narvik 68°28' F
12-1 Troms Borkenes 68°47' B
12-2 Bardufoss 68°52' B
12-3 Silsand 69°15' B
12-4 Lyngseidet 69°34' D
12-5 Lyngseidet 69°34' B
12-6 Tromsg 69°40" B
13-1 Finmark Svanvik 69°25' F
13-2 Neiden 69°42' B
13-3 Gamvik 70°10' B

Centre, Division Kise, in Hedmark, and grown for 2 years before whole
samples of aerial plant parts from individual plants were collected in
late June in 2002 and air-dried at-380 °C. They were then stored at
room temperature in the dark prior to analysis at the Plant Biocenter,
Trondheim.

Hydrodistillation. Leaves and flower buds were separated from the
stems and submitted to hydrodistillation in a modified Dean and Stark
apparatus consisting of a 5 distillation bottle, a 3 mLgraduated

receiver, and a jacketed coil condenser. A 100 g amount of dried plant

material and 2.5 L of KD were used, and the distillation was carried
out for 1.5 h after the mixture had reached the boiling point. The gas

chromatography (GC) samples (one sample per collection no.) were

prepared by diluting 1Q:L of oil in 1 mL of ethanol in brown
autosampler flasks and stored at@ prior to analysis.
GC-MS Analysis. A Varian Star 3400 CX gas chromatograph

coupled with a Varian Saturn 3 mass spectrometer was used for GC-

MS analysis. A J&W DB-5 capillary column was used (30x10.25
mm i.d.; film thickness, 0.2&xm) for all analyses in trial year 2002,
and the flow of the carrier gas He (12 psi) was held at 50 mL/min
(injector) and 30 cm/s (column). The injector temperature was°220
(split injection; 1uL), and the GC temperature program was-220
°C at a rate of 2.3C/min and held at 220C for 6 min. Preliminary
studies on selected plant samples in 2001 (Sgare 3) were carried
out by using a CP Wax 52CB capillary column (30x10.32 mm i.d.;
film thickness, 0.2%:m). The injector temperature was 220 (splitless
injection), and the GC temperature program was 820 °C at a rate
of 2.0 °C/min and held at 220C for 5 min.
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Figure 1. Origin (location) of tansy plant collections from Norway ordered
into 13 regions (counties).

The MS detector was set at 17& for all analyses in 2001 and
2002, and a mass range of/lz= 40—250 was recorded. All mass
spectra were acquired in EI mode. The EO constituents were identified
by the use of a combination of mass spectrum database search (IMS
Terpene Library, 1989, and NIST MS Database, 1992), relative retention
indices (ESO 2008Database of Essential Oils, 1999), and comparison
of mass spectra from published data. Quantitative analysis (in %) was
performed by peak area normalization measurements €7tQtal ion
current).

RESULTS AND DISCUSSION

The EO yield from the collected and cultivated tansy plants
ranged between 0.35 up to 1.90% (v/w) and showed an average
value of 0.81% (sed@able 2). The most abundant thujone
chemotypes (types A and B) were the only samples yielding
over 1.00% EO (on average 0.95%) whereas camphor (type C),
chrysanthenyl (types D and E), artemisia (type F), and cineole
type (type G) oils often showed below average EO contents. In
contrast to earlier studies witlenthaspecies28) and aromatic
herbs (29) cultivated at different locations in Norway, no
genotypical influence as an effect of the plants’ origin (Babkle
1) on EO yield could be observed. Although genetical variation
due to environmental conditions leads to distinct chemotypical
expression patterns in tansy, still no correlation between
chemotype and leaf morphology and shape could be found.
Tansy plants revealing the subvarieties typicum, tenuiséctum,
and crispum as described and reviewed by Keskitdjoafth
both lancelike and fine-cut single leaves, rounded edges, and
curly shapes, could be observed among the thujone types of
the Norwegian collection (seeigure 2). Chemotypes rich in
thujone and/or camphor showed earlier flowering when culti-
vated in the greenhouse at The Plant Biocenter, Trondheim, in
autumn 2003, which is in accordance to observations by
Keskitalo (1) and Németh and co-workers (30).
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Table 2. EO Yield and Percentage Composition of 40 Tansy Plants (2002) Cultivated at the Planteforsk Research Division Kise from 2000 to 2002

county
Aust- Roga- Buske- Mare og
compound Agder land  Telemark  Akershus rud Sogn og Fjordane Oppland Hedmark Romsdal

Kl (area %) -1 21 31 32 41 42 5-1 61 62 63 64 71 72 73 81 82 83 84 85 91 92
909 santolina triene 0.1 8.6
927 tricyclene 01 01 01 03 01 0.3 tr 0.4 tr
930 a-thujene 01 01 01 01 01 10 03 02 04 01 03 04 0.1 01 03
939 a-pinene 01 03 04 02 02 56 12 16 05 04 97 36 136 11 09 01 84 12 02 02 08
954 camphene 13 26 14 03 63 16 02 71 03 14 07 57 01 10
975 sabinene 02 05 47 22 06 13 32 166 25 06 14 07 07 06 111 02 03 21 01 04 65
979 S-pinene 02 03 58 24 14 06 69 22 48 08 31 19 0.3
991 2,3-dehydro-1,8-cineole 0.3 0.1 01 01 01 tr tr
999 yomogi alcohol 04 135

yomogi alcohol isomer 0.1 7.2
1017 a-terpinene 0.2 03 02 24 07 0.3 01 08 04 1.0
1025 p-cymene 04 04 11 05 26 05 19 02 05 04 03 05 02 01 10 05
1031 1,8-cineole 0.9 19 102 05 21 218 349 120 76 108 376 127 164 133 36 13 117 218 08 32 63
1060 y-terpinene 0.5 01 08 07 32 04 04 12 04 05 02 10 05 05 03 23
1062 artemisia ketone 19.8
1070 (Z)-sabinene hydrate 8.8
1084 artemisia alcohol 6.0 1.9
1089 terpinolene 0.1 0.2 tr
1089 (E)-sabinene hydrate 0.2 tr 0.2
1102 a-thujone 03 05 485 0.4 04 735 01 06 04 05 06 18
1114 p-thujone 528 710 7.2 809 902 839 120 50 745 977 95.7 763 754
1128 chrysanthenone 26.6 296 13
1142 sabinol 15.9
1146 camphor 18 185 99 tr 386 18 36.2 17.7 05 388 10.5
1165 pinocarvone 03 01 04 04 02
1165 chrysanthenol 0.1 31 13 01 480 tr 350 24
1173 artemisyl acetate 7.3
1169 borneol 90 11 05 66 31 15.8 6.4 46 94 19
1175 (Z)-pinocamphone 0.9 8.0
1177 A4-terpineol 03 87 0.9 35
1189 a-terpineol 9.9 0.2 08 18 135
1238 (E)-chrysanthenyl acetate 9.2 0.2
1289 bornyl acetate 18 1.0 143 2.8 0.7 123
1291 (E)-sabinyl acetate 242 14
1410 o-gurjunene 01 tr 0.1 tr 01 01
1419 B-caryophyllene 03 01 05 03 06 09 03 08 01 04 04 05 05 05 01 09 05 02 01 01
1455 q-caryophyllene tr 01 01 01 01 0.1 0.1 tr 01 01 01 tr tr
1485 germacrene D 16 13 15 11 28 21 16 22 09 07 16 12 30 28 28 10 10 04 15 07
1500 pentadecane 0.1 tr 0.1 0.1
1523 d-cadinene 01 tr 02 01 02 01 01 01 tr 01 01 02 01
1563 (E)-nerolidol tr 02 02 02 02 02 05 03 01 03 03 01 37 01 02 02
1578 spathulenol 03 02 04 04 04 05 02 03 02 01 04 02 05 06 06 05 02 02 04
1583 caryophyllene oxide 05 08 05 03 08 17 04 08 02 12 05 10 11 09 19 04 02 06
1588 davanone 0.1 0.1 02 03 02 01 02 05 01
1647 z-muurolol 0.1 0.1 tr
1650 o-cadinol 0.1 0.1 0.1 0.2
1654 a-cadinol 01 01 01 02 0.2 02 01

total identified (%) 976 930 98.0 982 989 927 996 956 99.0 99.8 949 985 929 956 99.1 998 96.1 99.4 99.0 99.1 99.0

EO yield (mL/100 g) 090 090 090 080 070 050 060 040 1.21 135 069 070 050 035 060 120 060 070 1.90 0.86 1.30

county
compound Nord-Trgndelag Nordland Troms Finnmark

Kl (area %) 10-1 10-2 111 11-2 11-3 114 115 11-6 11-7 118 121 12-2 123 1244 125 126 13-1 132 13-3
909 santolina triene 0.3 0.3
927 tricyclene 0.3 04 tr 01 tr
930 a-thujene 0.1 0.3 03 02 03 02 01 01 11 02 03 02 02 02 02 02 03
939 a-pinene 4.8 0.1 01 04 06 38 121 08 28 04 01 02 22 160 03 05 95 16 02
954  camphene 49 03 61 01 04 13 02 01
975 sabinene 1.0 4.2 43 36 98 04 08 223 07 47 55 04 19 21 09 18 09 53
979 p-pinene 24 74 14 61 04 24 08 12 05
991  2,3-dehydro-1,8-cineole tr tr 01 03 0.1 tr
999 yomogi alcohol

yomogi alcohol isomer
1017 a-terpinene 0.2 0.2 05 02 04 ftr 0.9 02 02 0.1 0.1 0.1
1025 p-cymene 05 0.9 10 04 01 07 24 01 11 02 09 04 21 06 08 08 05 10
1031 1,8-cineole 13.7 2.1 20 103 106 38 166 255 514 41 21 20 55 207 62 132 166 81 19
1060 y-terpinene 04 0.7 08 05 13 05 05 02 26 06 08 13 02 02 04 03 06
1062 artemisia ketone 715 29.5
1070  (Z)-sabinene hydrate
1084 artemisia alcohol 9.0 24
1089 terpinolene 0.4
1089 (E)-sabinene hydrate 04
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Table 2. (Continued)?

county
compound Nord-Trgndelag Nordland Troms Finnmark

Kl (area %) 10-1 10-2 111 112 113 114 115 116 11-7 118 121 122 123 1244 125 126 131 132 133
1102 o-thujone 0.4 04 05 12 04 04 04 03 04 07 04 07
1114 p-thujone 88.8 876 821 737 832 749 874 857 755 80.6 724 884
1128 chrysanthenone 9.1 442 48 3.7 2.8
1142 sabinol
1146 camphor 29.9 39.2 8.2
1165 pinocarvone 02 03 0.8 0.3
1165 chrysanthenol 06 03 35 20 23
1173 artemisyl acetate 31
1169 borneol 10.7 0.7 122 24
1175 (Z)-pinocamphone
1177 A4-terpineol 0.3 3.9
1189 o-terpineol 3.7 0.2
1238 (E)-chrysanthenyl acetate 0.1 40 319 105 56
1289 bornyl acetate 10.7 14
1291 (E)-sabinyl acetate 0.1 02 11
1410 a-gurjunene 0.1 0.1 0.1
1419 p-caryophyllene 0.9 0.2 02 01 04 03 09 02 01 08 04 02 01 09 01 01 20 04 01
1455 q-caryophyllene 0.1 01 01 01 01 12 0.1 0.2
1485 germacrene D 2.7 11 09 09 05 18 23 13 19 08 13 01 05 22 05 10 19 12 07
1500 pentadecane 0.1 0.1 tr
1523 o-cadinene tr tr tr 0.1
1563  (E)-nerolidol 0.2 0.1 02 02 03 01 02 04 0.3 01 05 07 tr
1578 spathulenol 0.3 0.2 02 02 03 03 02 03 02 05 02 05 01 05 07 01
1583 caryophyllene oxide 1.0 0.3 03 03 03 06 19 03 03 12 09 03 01 15 tr 05 26 08 02
1588 davanone 0.1 0.1 0.1 0.2
1647 z-muurolol 0.8 09 01 07 18 32 01 19 05 33
1650 o-cadinol 0.1 0.2 0.1 03 07 03 05 0.6
1654 a-cadinol 13 16 0.9 32 54 01 28 5.3

total identified (%) 964 996 992 997 997 987 914 975 992 982 962 99.6 99.8 946 99.0 999 958 982 99.6

EO yield (mL/100 g) 080 090 115 095 060 095 055 080 050 075 070 095 1.05 050 085 067 043 040 108

2 Tentative EO compound identification by mass spectral database search (KI = Kovats indices; tr = trace compound).

Table 3. Composition of the EO from Samples of the Norwegian pendence of the biosynthetical pathwaysoefand s-thujone

Tansy Collection at Planteforsk Research Division Kise (2002),
Ordered into Chemical Groups (Data Given as Summarized Peak Area
in %; tr = Trace Compound)

in Tanacetumuulgareand underscoring the synthesis model of
thujone by dominant alleles as described by Holopainen and
coauthors (31). In general, thg-thujone types were ac-

companied by smaller amounts afthujone and vice versa,

chemical chemotype whereas camphor was rarely detected.
group subgroup A B C D E F G A chemotype also frequently found (type C; six individuals)
monoterpenes h?’drﬁclarbo“s gg ig 5’12 égg 122 1(7)2 zg.g presented a 33% camphor average concentration (see also results
Eectgngss 708 828 369 43 355 421 148 by 19,21-23, 36), together with terpenes characteristic of other
oxides 105 44 204 163 193 109 446 chemotypes. High camphor concentrations were generally
esters 17 82 109 46 49 followed by high amounts of the oxygenated monoterpene 1,8-
. total 9.9 959 938 865 858 864 934 cineole, e.g., sample nos. 5-1, 8-4, 11-6, accompanied by the
sesquiterpenes ggﬁggrbons é‘i i'g ﬁ 3(7) g'g gg g'é bornyl acetate/borneol complex (e.g., sample nos. 7-1, 10-1, 11-
ketones v & 01 01 02 o1 6), which has been reported by Collin and coauthors as the
oxides 02 04 06 11 18 15 07 “camphor-cineole-borneol” chemotypel). Tansy plants rich
. ~ total 20 28 41 79 63 101 35 in the close-related irregular monoterpenes chrysanthenyl
;”zlgrc‘;fg‘:r'g total worowo acetate/chrysanthenol (type D; three individuals) and chrysan-
y sum total 989 987 979 944 921 965 96.9 thenone (type E; two individuals) could be observed. As already

described from other countries, the content of chrysanthenyl

acetate/chrysanthenol showed concentrations between 30 and
On the basis of the GC-MS data, a total of seven chemotypes48% (16, 19, 22, 34). In contrast to Finnish studies by Keskitalo

could be described within the investigated tansy plant collection and co-workers 22), the main occurring diastereomers in

with a total of 47 identified compounds (s@able 2). Many chemotype D were thrans and not thecis forms as reported

EO samples showed transitions between two or more chemo-from Hungary (35). Amounts of up to 44% chrysanthenone

types, i.e., high variability in EO fingerprints due to the species could be detected for chemotype E, which has also been

characteristic frequency of cross-pollination. The most abundantdescribed from Canada (21). Both chemotypes D and E were

thujone type (24 individuals) was dominatedf®shujone (type ~ 9enerally associated with high amountscopinene and 1,8-

B) with extremly high concentrations over 90%, e.g., sample cineole (>10% each), while camphor was not detected.

nos. 4-1, 8-2, 8-5, and average concentrations at 81%, which is Another irregular monoterpene, artemisia ketone and its

in accordance to earlier investigatiords 21,22, 33, 34). High alcohol, could be found in high amounts in three individual tansy

concentrations ofi-thujone (type A; two individuals), scientifi-  plants (type F). This chemotype has been observed in Europe,

cally reported only for otheFanacetunspecies (25), could also  Asia, and North Americal(9, 22,32, 37). 1,8-Cineole was the

be detected (average 61%), thus indicating the genetic inde-most abundant (oxygenated) monoterpene being detected in
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Figure 2. Examples of leaf morphology and GC-MS chromatograms of seven chemotypes of Norwegian tansy.

varying concentrations in all samples. Many samples of chemo- 2001 with results from trial year 2002 (chemotypes B, C, and
types A—F were associated with cineole contents above 10%, F). In contrast to the chemotypically main EO compound,
but only two individuals could be characterized as 1,8-cineole sampling of EO from the same samples resulted in partly higher
chemotype G (sample nos. 11-7 and 12-4) with average variability with regard to standard deviation and average values
concentrations at 44%. Two other monoterpeneginene and (see chemotype C), which might be explained as an effect of
sabinene, were generally present in all samples (except fordiffering climatic factors having a higher impact on EO
sample no. 11-4) but never reached levels above 16 and 22%production and yield than the expression of genetically deter-
respectively. These conclusions can also be drawn for themined EO patterns. Sesquiterpenes and sesqiterpenols were
monoterpene alcohol borneol and its acetate, which normally present in almost all tansy samples from 2002 except for sample
occur pairwise. Although amounts of over 16 and 14% in the nos. 6-3 and 8-3 (seBables 2and3). In general, the thujone
EO could be detected, the concentrations were not high andtypes showed lower amounts of sesquiterpene structures and
distinct enough to classify them into their own chemotypical less complex EO matrixes. The most abundant compounds were
groups. In accordance to findings by Hendriks and co-workers caryophyllene and its oxygenated analogue caryophyllene oxide,
(19) and Keskitalo (22), the irregular monoterpene yomogi germacrene D, (E)-nerolidol, and spathulenol. The chemical
alcohol (and one unidentified similar structure) could also be group of monoterpenes made up between 86 and 97% of the
detected in one sample (13%) together with relatively high totally detected compounds, whereas the sesquiterpenes did not
amounts of santolina triene (9%), normally related to other reach levels above 10%. The monoterpene subgroups of ketones
Tanacetunrspecies thari. vulgare (24—26). The occurrence  represented the main chemical structures in the chemotypes
of davanone (or davanone D), reported as its own chemotypeA—C, E, F, while alcohols and oxides were dominant in the
by other research group2%4, 32,37), was generally limited to  chemotypes D and G, respectively. In comparison, the chemical
concentrations<1%. group of sesquiterpenes showed relatively high levels of
In general, the agricultural cultivation (domestication) of tansy hydrocarbon structures.
plants from wild populations did not affect the chemotype as  In future projects, the applicability of tansy plants will be
can seen fronfrigure 3. Only weak differences could be found investigated with regard to agricultural, pharmaceutical, and
when comparing data of selected plant samples from trial year flavor applications. The main focus will be put on (i) chemo-



Norwegian Tansy Chemotypes

100

Otrials 2001
Etrials 2002

Chemotypical

%0 | main EO compound

80
70
60
50
40

peak area (%)

30

20
10 |

EO yield
1.00

0.80

0.60

mil/ 100 g

0.40

0.20

B C F
p-thujone camphor artemisia ketone
Figure 3. Chemotypical main EO compounds and EO vyield of sample
plants studied in August 2001 and June 2002: chemotype B (n = 11,
sample nos. 3-2, 4-1, 8-1, 11-1, 11-2, 11-4, 12-1, 12-2, 12-3, 12-5, and
13-3), chemotype C (n = 3; sample nos. 5-1, 7-1, and 10-1), and
chemotype F (n = 2; sample nos. 6-1 and 13-1).

typical variation, biosynthesis, and within plant distribution of
terpenes and (ii) the biological and medicinal activity through
antimicrobial testing, determination of antioxidant capacity,
flavonoid and phenol content, and antitumor screening in order
to identify valuable plant raw material from Norwegian tansy
for potential industrial commercialization.
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