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Summary

Different Iris species are a  rich source of secondary 
metabolites and they are widely used due to their 
medicinal properties, i.e. such as antibacterial, 
cytotoxic, hepatoprotective, antiplasmodial, and 
immunomodulatory effects. Determination of the 
fatty acid composition is necessary to create complex 
phytopreparations on their basis, and also, it is important 
for understanding of the adaptive capabilities of the 
plant. In our study, a comparative analysis of fatty acids 
composition of total lipids of the leaves and rhizomes of 
Iris sibirica was carried out by the gas chromatography-
mass spectrometry method. The degree of unsaturated 
fatty acids and the activity of acyl-lipid desaturases 
were determined by the Lyons method. 14 fatty acids 
were identified in the leaves of I. sibirica, their content 
being 6.1 mg/g; 18 acids were found in the rhizomes, 
their content being 6.9 mg/g. Among the saturated fatty 
acids palmitic acid dominates (C16:0), and among the 
unsaturated ones, it is linoleic (C18:2ω6) and α-linolenic 
(C18:3ω3) acids. The content of the unsaturated fatty 
acids in the leaves is higher (45%) due to a high content 
of the polyunsaturated fatty acids, as well as the reduced 
share of the saturated and the monounsaturated acids, 
compared to the rhizomes (the content of the unsaturated 
fatty acids is 40%), which causes a  higher value of 
the double bonds index (1.10), and the coefficient of 
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unsaturation (0.81), which indicate the relative cold 
resistance of the plants. By contrast, in the rhizomes 
the concentration of the saturated fatty acids increases 
and the level of the unsaturated fatty acids reduces. The 
fatty acids composition of the leaves and rhizomes of Iris 
sibirica was established for the first time. 
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desaturases • gas chromatography-mass spectrometry

Souhrn 

Různé druhy kosatců (Iris) jsou bohatým zdrojem sekun-
dárních metabolitů a  hojně se využívají pro své léčivé 
vlastnosti, tj. antibakteriální, cytotoxické, hepatoprotek-
tivní, antiplasmodiální a imunomodulační účinky. Identifi-
kace obsažených mastných kyselin je nutná nejen pro vy-
tvoření komplexních fytopreparátů, ale také pro pochopení 
adaptačních schopností rostliny. V této studii byla prove-
dena analýza složení mastných kyselin celkových lipidů 
v listech a oddencích Iris sibirica pomocí plynové chroma-
tografie s hmotnostní spektrometrií. Lyonsovou metodou 
byly stanoveny stupeň nasycení nenasycených mastných 
kyselin a aktivita acyl-lipidových desaturáz. V listech 
I. sibirica bylo identifikováno 14 mastných kyselin, jejichž 
obsah byl 6,1 mg/g a v oddencích bylo identifikováno 18 
mastných kyselin, jejichž obsah byl 6,9 mg/g. Mezi nasyce-
nými mastnými kyselinami dominuje kyselina palmitová 
(C16:0) a mezi nenasycenými mastnými kyselinami ky-
selina linolová (C18:2ω6) a α-linolenová (C18:3ω3). Ve 
srovnání s oddenky, kde je obsah nenasycených mastných 
kyselin 40 %, je obsah nenasycených mastných kyselin 
v  listech vyšší (45 %), a to vzhledem k vyššímu obsahu 
polynenasycených mastných kyselin a rovněž sníženému 
podílu nasycených a mononenasycených kyselin. To vede 
ke zvýšení hodnoty indexu dvojných vazeb (1.10) a ko-
eficientu nenasycení (0.81) v listech a je důkazem vyšší 
odolnosti rostlin proti chladu. Naopak koncentrace nasy-
cených mastných se v oddencích zvyšuje a koncentrace 
nenasycených mastných kyselin se snižuje. Identifikace 
mastných kyselin v listech a oddencích Iris sibirica nebyla 
dosud v literatuře popsána. 
Klíčová slova: Iris sibirica • mastné kyseliny • acyl-li-
pidové desaturázy • plynová chromatografie-hmotnostní 
spektrometrie
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of I. pseudacorus is used in the treatment of non-healing 
wounds, burns, cuts, erosions, as analgetic, haemostatic 
and anti-burn agents17). The antibacterial activity of lipo-
philic extracts from the rhizomes and leaves of I. pseu-
dacorus18), I. hungarica and I. sibirica19) by diffusion in 
agar and serial dilutions are also established. The anti-
bacterial, antifungal activity of the chloroform and ethyl 
acetate extracts of the rhizomes of I. germanica has been 
found, and the petroleum extract showed antibacterial, 
antifungal and insecticidal activity12, 20). The antioxidant 
and anticholinesterase activities of the chloroform extract 
from the rhizomes of I. albicans have been established21).
The fatty acids composition of I. pseudacorus, I. pseuda-
corus f. alba22), I. hungarica23) was previously studied by 
us. For the productive cultivation of species and varieties 
of irises, it is necessary to examine the composition of 
the fatty acid as one of the indicators that is responsible 
for the biochemical processes in the cells.
The aim of this study was a comparative analysis of the 
fatty acid composition of total lipids, the determination 
of the degree of unsaturation of fatty acids and the acti-
vity of acyl-lipid desaturases of the leaves and rhizomes 
of I. sibirica.

Experimental part

Plant material
The objects of the examination were the leaves and rhizo-
mes of I. sibirica, which were prepared in N. N. Gryshko 
National Botanical Garden of the National Academy of 
Sciences of Ukraine, Kiev, in the latter half of Septem-
ber 2015. I. sibirica from the collection of nursery of the 
Botanical Garden is the introduced view from the seeds 
that were received by hortus botanicus and collected in 
the phase of mass flowering. The systematic belonging of 
plant was established by one of the authors. Analysis and 
estimation of the results were carried out with the air-dry 
raw materials. Voucher specimens have been deposited 
in the Herbarium of the Pharmacognosy Department and 
Botany Department, National University of Pharmacy, 
Kharkiv, Ukraine.

Analysis of methyl esters of fatty acids
Analysis of methyl esters of fatty acids was carried out 
by gas chromatography with mass spectrometric detec-
tion (GC/MS)24, 25). The internal standard (solution 50.0 µg 
of tridecane in hexane) and 1.0 ml methylating agent 
(14% of BCl3 in methanol, Supelco 3-3033) were added 
to the weight of the raw materials (50.0 mg) contained 
in a 2.0 ml vial. This mixture was kept in a hermetically 
closed vial for 8 hours at 65 ºC. At this time fatty oil 
was fully extracted and hydrolyzed into its constituent 
of the fatty acids and their methylation was done. The 
reaction mixture was drained off from a precipitation of 
the plant material and was diluted with 1.0 ml of dis-
tilled water. Methyl esters were extracted with 0.2 ml 
of methylene chloride, carefully shacked up for seve-
ral times within an hour, then the obtained extract was 
chromatographed. 

Introduction

Analysis of the fatty acid composition of lipids is one 
of the components of the determination of the medici-
nal quality of plants. Fatty acids are important for the 
normal functioning of the human body. Polyunsaturated 
fatty acids are the structural elements of phospholipids 
and lipoproteins of cell membranes, they are part of the 
connective tissue and the membranes of nerve cells, they 
take part in the transportation and oxidation of choleste-
rol, provide the elasticity of blood vessels and regulate 
many processes in the body1).
The unsaturated fatty acids of oleic acid (ω-9) can be 
synthesized by combining the reactions of elongation 
(extension of the chain) and desaturation (formation of 
the extra double unsaturated bonds), due to the presence 
of Δ9-desaturase system. However, the human body can-
not synthesize linoleic (ω-6) and α-linolenic (ω-3) acids 
due to a lack of Δ12 and Δ15 desaturases2, 3). These acids 
are essential or indispensable and must come from food 
because they are necessary for the synthesis of other po-
lyunsaturated fatty acids of ω-6 and ω-3 type.
Acyl lipids play an important role in plants life having 
bactericidal and fungicidal properties, they perform the 
protective function; stimulate the growth of plants; they 
are the storage compounds, providing the host with ener-
gy. Lipids actively change the metabolism during the au-
tumn period and increase the resistance of plants to low 
temperatures4, 5). 
In the study of plant lipids, growing under the conditions 
of abiotic stress, it is important to identify the qualitative 
and quantitative composition of fatty acids, with the aim 
of creation the complex plant-based preparation, as well 
as for understanding their role in metabolism and plant 
adaptation.
The Iridaceae family contains approximately 1,800 spe-
cies in 80 genera6, 7). The genus Iris is the most extensive 
and comprises about 200 species, distributed in the most 
of the Northern Hemisphere, 16 species grow in Ukra-
ine8), and about 40 species grow in the territory of the 
neighbouring states9). Species of the genus Iris were in-
troduced into the culture as ornamental plants and they 
take one of the first places in the world among the flower 
crops in the amount of varieties. All irises are perennial 
grasses with annual inflorescence and perennial shorte-
ned vegetative shoots, which are rhizogenic and which 
are immersed in the soil or crawling on the surface. For 
research we have chosen the Iris sibirica (series Sibiri-
cae (Diels) Lawrence), section Limniris (Tausch) Spach 
em. Rodion) of the Iridaceae Juss. Family6). The plant is 
unpretentious and easily breeds by seeds.
Analysis of the literature showed that the plants of the 
Iris genus contained various biologically active sub-
stances: flavonoids10, 11), isoflavones12, 13), xanthones14, 

15), carboxylic acids16), terpenoids, ether oil, and tannins; 
however, the fatty acid composition has not been almost 
examined. Information about the use of the polyunsatu-
rated fatty acids as pharmacological agents is rare in the 
literature. It is known that the oil extract of the rhizomes 
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Determination of the degree of unsaturation of fatty 
acids and the activity of acyl-lipid desaturases
The double bonds index (DBI) for the assessment of 
unsaturation of fatty acids (FA) was estimated by the 
method of Lyons3):
	 [2]

where – Pj is the content of each unsaturated FA (%) and 
nj is the number of double bonds in its molecule. The 
unsaturated coefficient was estimated as the total content 
of unsaturated (UFA) – to – saturated acids (SFA) ratio:

	 [3]

The activity of acyl-lipid -, ω6 and ω-3 membrane desa-
turases2, 29), catalyzing the introduction of double bonds 
into the carbon chains of oleic (C18:1), linoleic (C18:2) 
and linolenic (C18:3) acids, were determined as steroyl- 
(SDR), oleyl- (ODR) and linoleyl- (LDR) desaturase ra-
tio, which were estimated as the content (% from total 
FA) of the components C18, according to the equations:
							     
	 [4]

where C18:0, C18:1, C18:2 and C18:3 is the percentage 
of the total acids of stearic, oleic, linoleic and linolenic 
acids, respectively.

Chromatographic conditions
A  sample injection (2.0 µl) was carried out into the 
chromatographic column in the splitless mode within 
0.2 minutes. The contents of methyl esters of the fatty 
acids were determined on an Agilent Technologies 6890 
chromatograph with a mass spectrometric detector 5973. 
A capillary column HP-INNOWAX was used for split-
ting (30 m × 0.25 mm × 0.50 µm). Mobile phase: helium, 
gas flow rate is 1.2 ml/min. Temperature of a heater of 
the sample injection is 250 ºC. Temperature of a furnace 
is programmable from 50 to 320 ºC with the rate of 4 
degree/min. 

Identification of the components
Individual components were identified by comparison 
of their mass spectra using both “NIST-MS Library 05” 
and “Wiley GC-MS Library 2007” 26,27). The substance 
content was estimated relating to the internal standard. 
Calculation of the components content С (mg/kg) was 
carried out by the formula:
	 [1]

where P1 – the peak area of the tested substance; P2 – the 
peak area of the standard; 50 – the mass of the internal 
standard (μg), injected into the sample; m – the sample 
mass (g).
The relative component content was defined in per cent 
from their total amount. 

Table 1. Fatty acid content (% of total FA), double bond indexes, coefficients of unsaturation, an index reflecting activity of ω9 (SDR), ω6 (ODR), 
ω3 (LDR) desaturases in the leaves and rhizomes of Iris sibirica L.а 

Fatty acids IUPAC RI Rhizomes Leaves Index Rhizomes Leaves

Lauric С12:0 1709 10.90 ± 0.20 16.11 ± 0.28 ∑SFA 60,09 55.20

Myristic С14:0 1909 2.62 ± 0.07 – ∑UFA 40,00 44.82

9-Methyl tetradecenoic С15:0 1959 0.22 ± 0.06 – ∑MUFA 10,28 2.83

Isomyristic С15:0 1972 0.11 ± 0.04 – ∑PUFA 29,72 41.99

Pentadecanoic С15:0 2003 0.15 ± 0.01 0.27 ± 0.05 ∑ω3 2,07 23,07

Palmitic С16:0 2104 34.78 ± 0.62 29.11 ± 0.51 ∑ω6 27,65 18,92

Palmitoleic С16:1ω7 2131 1.77 ± 0.03 1.05 ± 0.02 ∑ω9 10,28 2,83

14-Methyl palmitoleic С17:0 2156 0.29 ± 0.06 – DBI 0,72 1,10

Heptadecanoic С17:0 2184 0.46 ± 0.08 1.16 ± 0.03 SDR 0,46 0,32

Hexadecadienoic С16:3ω3 2208 – 0.70 ± 0.01 ODR 0,84 0,96

Stearic С18:0 2274 6.57 ± 0.12 3.70 ± 0.07 LDR 0,07 0,54

Oleic С18:1ω9 2289 5.63 ± 0.10 1.78 ± 0.03 K 0,67 0,81

10-Octadecadienoic С18:1ω10 2294 2.88 ± 0.05 –

Linoleic С18:2ω6 2331 27.65 ± 0.50 18.92 ± 0.33

Linolenoic С18:3ω3 2378 2.07 ± 0.04 22.37 ± 0.40

Arachic С20:0 2432 1.51 ± 0.05 1.08 ± 0.02

Behenic С22:0 2581 1.24 ± 0.52 1.38 ± 0.04

Tricocyl С23:0 2652 0.55 ± 0.01 0.61 ± 0.01

Lignoceric С24:0 2722 0.70 ± 0.04 1.78 ± 0.05

аValues expressed are mean ± SD of three parallel measurements (p < 0.05), ∑SFA – Total saturated fatty acids, ∑UFA – Total unsaturated fatty 
acids, ∑MUFA – Total monounsaturated fatty acids, ∑PUFA – Total polyunsaturated fatty acids, DBI – Double bond index, K – coefficients of 
unsaturation, SDR – Stearoyl-CoA desaturase attitude, ODR – oleoyl CoA desaturase attitude, LDR – linoleyl-CoA desaturase attitude. The symbol 
“–“ means that the compound was not identified.
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rhizomes of I. sibirica the dominant saturated acids were 
palmitic (C16:0) (in the leaves, 29.11%; in the rhizomes, 
34.78%) and lauric (C12:0) acids (16.11% and 10.90%, 
respectively). In addition to these acids, saturated fatty 
acids with 14, 15, 17, 20, 22, 23, 24 carbon atoms have 
been identified. The content was not more than 1–2% 
of each of them. An exception was stearic acid (C18:0), 
its content being 3.70% of the total acids in the leaf and 
6.57% in the rhizomes. The content of the unsaturated 
acids in the leaf was 45%, which was by 5% higher than 
in the rhizomes, by reducing the content of palmitic, lau-
ric acids and myristic (C14:0) it was absent in the leaf.
Among the unsaturated fatty acids of lipids, monoenoic, 
dienoic, trienoic acids were identified, forming ω9, 2ω6, 
3ω3 of the biosynthetic families of the fatty acids with 
cis-orientation of double bonds in the chain. The highest 
percentage of ω6 dienoic linoleic (C18:2ω6) acid was 
obtained in the rhizomes (27.65%) and a smaller content 
was detected in the leaves (18.92%). The highest content 
of ω3 trienoic α-linolenic (C18:3ω3) acid (22.37%) was 
determined in the leaves of I. sibirica, at the same time, 

Statistical analysis

The results were the mean ± SD of three parallel measu-
rements. All statistical comparisons were made by means 
of Student’s  t-test, values of p < 0.05 were regarded as 
significant. Statistical analysis of the results obtained was 
carried out by the method of the smallest squares accor-
ding to the SPhU monograph “5.3.N.1. Statistical analy-
sis of the results of chemical experiment” (2015). For the 
calculations and statistical analysis of the obtained data 
Microsoft Office Excel was used.

Results 

The GC/MS analysis of the fatty acid composition of to-
tal lipids has showed that in the leaves of I. sibirica there 
were 14 fatty acids (FA), their total content being 6.1 ± 
0.11 mg/g; in the rhizomes 18 FA have been identified, 
their content being 6.9 ± 0.12 mg/g. Lengths of carbon 
chains were from 12 to 24 atoms (Figs. 1–2, Table 1).
The submitted data have shown that in the leaves and 

Fig. 1. GC-MS 
chromatogram of fatty acids 
of I. sibirica rhizomes

Fig. 2. GC-MS 
chromatogram of fatty acids 
of I. sibirica leaves
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membrane reacted to gel and they almost were not in 
effect.
It is known31) that a level C>20 of fatty acids in the ve-
getative organs of the higher plants is usually less than 
1–2%. However, according to the literature data32), an 
increased content of the level C20 of fatty acids in the 
vegetative organs of the plants indicates that the plant has 
adapted to adverse environmental conditions. The frac-
tion C20-24 of fatty acids in the rhizomes was 4% and 
in the leaves, 4.85%. This confirms that I. sibirica has 
adapted to the conditions of our latitude6).
The degree of unsaturation of lipids is best characterized 
by the double bonds index (DBI)3). As you can see, the 
DBI in the leaves of Iris (1.10) is higher than in the rhizo-
mes (0.72), by all appearances, this is due to the mecha-
nisms of survival of the leaves and their adaptation to the 
action of the negative temperatures as of autumn-winter 
period. Irises belong to the long term vegetative plants 
that do not have pronounced period of winter dormancy, 
because the foliage in the central part of foliate fascicle 
remains green6).
When the temperature reduces, the fluidity of membranes 
decreases and as the result, there is an enhancement of the 
synthesis of enzymes of desaturases in the cell and also 
the quantity of polyunsaturated fatty acids is increased. 
As the result, the membranes assume the liquid-crysta-
lline state and their fluidity restores1, 30, 33). Therefore, the 
activity of desaturases is the determinant in the adapta-
tion of plants to low temperatures. For Iris sibirica, the 
activity of steroyl- (SDR), oleyl- (ODR) and linoleyl- 
(LDR) desaturases is different. The value of desaturase 
ω9 (SDR) in the leaf is smaller, perhaps it is due to the 
fact that in the rhizomes the content of short-chain fatty 
acids is higher, and they contribute to the maintenance of 
membrane fluidity at the required level, i.e. the reaction 
of the underground organs to the adaptation were faster2, 

29). The value of ODR for the leaf has been determined as 
high – 0.96, and it has revealed that oleic acid was acti-
vely converted by acyl-lipid ω6-desaturases into linoleic 
acid. On the other hand, the reaction of ω-3 desaturase 
(LDR) that causes the introduction of a third double bond 
is different: in the rhizomes it was only 0.07, while in 
the leaf this value was 0.54, due to the appearances of 
hexadecatrienoic acid and the content of α-linolenic acid 
increased.
The differences in the fatty acid composition in the lea-
ves and rhizomes of Iris show different regulatory me-
chanisms in the plant. By the adaptation of the leaf of Iris 
to cold snap the main role belongs to ω-3 desaturase as 
the increase of its activity leads to the transformation of 
linoleic acid to linolenic. Adaptation of the rhizomes is 
achieved by increasing the activity of ω6 desaturase that 
is responsible for the biosynthesis of linoleic acid and of 
ω-3 desaturase in the less degree.
In addition, it should be noted that fatty acids are known 
for their antioxidant, antifungal, anti-inflammatory and 
immunomodulatory properties34), they are involved in 
metabolism, they have a positive effect in digestion, and 
create favourable conditions for the life activity of bene-

in the rhizomes α-linolenic acid (2.07%) was in the least 
amount.

Discussion

The aim of this study was a  comparative analysis of 
the component composition of fatty acids of the leaves 
and rhizomes of I. sibirica by the chromatography-
mass spectrometry method. Besides, analysis of com-
position of unsaturated acids is of scientific interest 
for the determination of the adaptive capacities of the 
plant4).
In the leaves of I. sibirica in the unsaturated fraction the 
content of monoenoic acids was decreased almost by 3 
times by oleic acid (C18:1ω9), because of their active 
conversion into polyenoic acids, their content being in-
creased from 30% in the rhizomes to 42% in the leaves. 
The content of monoenoic acids has been 2.83% and 
10.28% for the leaves and for the rhizomes, respective-
ly. Among monoenoic ω9 acids in the rhizomes, oleic 
(5.63%), palmitooleic (C16:1ω7; 1.77%) and 10-octade-
cenoic (C18:1ω10; of 2.88%) acids have been identified. 
In the leaves the content of oleic acid has been 1.78%, 
and palmitooleic acid, 1.05%.
From dienoic fatty acids, where in the synthesis ω6 de-
saturase takes a part, linoleic (C18:2ω6) acid similarly 
has been identified, its content in the leaves and the 
rhizomes of Iris being 18.92% and 27.65%, respecti-
vely. It is known28) that the low content of oleic acid 
with a  high level of linoleic and linolenic acids can 
further the activation of R-genes (resistance genes) 
and the development of hypersensitivity reactions. 
Stark comparison in the content of these acids can be 
seen in the leaves.
Trienoic acids in the rhizomes have been represented 
only by α-linolenic (C18:3ω3) acid in a small amount of 
2.07%. At that time, in the leaves the content of α-lino-
lenic acid has been increased by 10 times (22.37%). It 
should be noted that in the leaves hexadecadienoic acid 
(C16:3ω3; 0.7%) appears, which plays a large part in the 
determination of the cold resistance of plants, and promo-
tes the process of photosynthesis at low temperatures29). 
The biosynthesis of dienoic and trienoic acids 18:2ω6, 
18:3ω3 and 16:3ω3 plays a defining role in the adaptati-
on of plants to hypothermia. These polyunsaturated fatty 
acids regulate the “fluidity” of cell membranes in a wide 
temperature range, influence the resistance of plants to 
difficult environments4, 28). 
The unsaturated coefficient characterizes the change in 
membrane fluidity due to the changes in the saturated 
– to – unsaturated fatty acids ratio in the membrane li-
pids. An increase in the unsaturated coefficient in the 
leaves was provided by increasing the fraction of the 
polyunsaturated fatty acids, which was very important 
for the maintenance by membranes of the liquid-crysta-
lline state and increasing the resistance of leaves to hy-
pothermia30). In the rhizomes the unsaturated coefficient 
was lower than in the leaves, it was probably connected 
with reducing their physiological activity and the cell 
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ficial intestinal microorganisms1, 5). In recent years, the 
research investigated fatty acids and the results obtained 
showed that they have significant sedative and hypnotic 
effects34), as well as antibacterial, antitumour, antimy-
cobacterial and antiviral activities35, 36). In our previous 
papers19), we reported the results of the antimicrobial ac-
tivity screening of the dry extracts of the rhizomes and 
leaves of I. sibirica which at the concentration of 1% in-
hibited the growth of gram-positive and gram-negative 
bacteria and fungi. So, the pharmacological activity of 
Iris plants is due to the composition of their biologically 
active compounds.

Conclusions

As a result of the experiment, it has been established that 
the leaves and rhizomes of I. sibirica have a different fatty 
acid composition. The content of the saturated fatty acids 
in the rhizomes is prevalent, and in the leaves the fraction 
of unsaturated (in particular the polyenoic) fatty acids is 
larger due to polyenoic ones; it confirms the value of the 
coefficient of unsaturation and the double bonds index. 
When the temperatures decrease, the membrane of the 
rhizomes become gel state and the biochemical processes 
slow down. The aboveground part adapts to weather con-
ditions due to the increased content of polyunsaturated 
fatty acids. In addition, the experimental data show that 
for a harvest of the raw materials it is better to select the 
period of early autumn, when the biologically active sub-
stances in the organs of the plant accumulate. This is the 
first report on the determination of the fatty acids from 
the leaves and rhizomes of I. sibirica by GC/MS. The 
composition of fatty acids also gives the prerequisites to 
use I. sibirica for medical purposes.
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