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INTRODUCTION 

Among the most important nutrients ensuring the normal 
development and balance maintenance between the physi-
ological and pathological processes in the organism we 
may note the fatty acids [1-4]. They are the structural com-
ponents of phospholipids, sphingolipids, cardiolipin, tri-
glycerides, cholesterol esters, as well as the predecessors 
of eicosanoids (bioactive tissue hormones) such as prosta-
glandins, leukotrienes, thromboxanes, lipoxin, prostacyclins 
and hydroxyeicosatetraenoic acids [2,5-7].Recently, special 
attention has been paid to polyunsaturated fatty acids. First 
of all, because such acids as linoleic, linolenic, arachidonic, 
eicosapentaenoic and docosahexaenoic, are indispensable 
[2,5,7] Secondly, data from contemporary sources specify 
their possession of a wide range of pharmacological activi-
ties, namely, antiatherogenic [3-7], antiaggregant [3,6-8], 
antithrombotic [3,5,6], angioprotective [6], hypolipidemic 
[3,6,8], anti-inflammatory [3,6-8], cardioprotective [1,4,5,8], 
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antiarrhythmogenic [1,6-8], antihypertensive [3,6-8] and 
anti-carcinogenic [3,9,10]. Thus, polyunsaturated fatty acids 
have wide application for both preventing and treating var-
iegated diseases, whereas their deficit may provoke several 
illnesses and pathological states.

With due consideration of the properties of fatty acids, 
their importance for normal vital activity and development 
of the human organism, the study of fatty acid composition 
of poorly explored plants and the search for new domestic 
plant sources of polyunsaturated fatty acids is one of the 
advanced trends in modern pharmacy.

In this regard, plants of the Matthiola species are worth 
exploiting. Indeed, judging from foreign literature sources, 
Matthiola species plants (in particular, Matthiola incana (L.) 
R. Br., Matthiola bicornis (Sibth. & Sm.) DC., Matthiola 
annua (L.) Sweet, Matthiola longipetala subsp. bicornis 
(Sibth. & Sm.) P.W. Ball) possess high content and varie-
gated qualitative composition of fatty acids [11-14].

Night-scented stock (Matthiola bicornis (Sibth. & Sm.) 
DC.) is widely cultivated all over Ukraine as a decorative 
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plant, but we lack data on the fatty acid composition  
of Ukraine-grown herbs.

AIM

The aim of the present research is to determine the fatty 
acid composition of night-scented stock herb cultivated in 
Ukraine.

MATERIALS AND METHODS

The objects of our study were stalk-threshed grass, 
stalks, roots harvested during blooming, as well as seeds 
of Night-scented stock, particularly, the cultivars Tsaryt-
sia Nochi (Queen of Night) and Vechirnii 
Aromat (Evening Scent). The herbs were 
harvested in July-August 2019. The plants 
were identified by the Department of Chem-
istry of natural compounds and Nutriciol-
ogy, National University of Pharmacy, 
Kharkiv, Ukraine. Voucher specimens of the 
plants were deposited in the Departmental 
Herbarium for future record.

Fatty acid composition of tested herbs 
was studied via gas chromatography, using 
a method based on the formation of fatty 
acids methyl esters with subsequent deter-
mination of each one.

In the analysis, 0.5 g (accurately mass) 
of dried and powdered raw materials was 
selected and placed in a glass vial. Sub-
sequently, 3.3 cm3 of the reaction mixture 
(methanol-toluene-sulfuric acid (44:20:2) 
and 1.7 cm3 of an internal standard in 
heptane solution were added. The sample 
was then maintained at a temperature  
of 80°C for 2 hrs to completely remove the 
lipophilic fraction from the plant material 
and to induce hydrolysis of fatty oils into 
fatty acids and their methylation products. 
After this, the sample was cooled to room 
temperature and centrifuged for 10 min at 
5000 rpm. Thereafter, 0.5 cm3 of the upper 
heptane phase containing fatty acid methyl 
esters was taken [15,16].

Methyl esters of fatty acids were studied 
using a Selmichrom-1 (JSC Selmi) gas 
chromatograph equipped with flame ioniza-
tion detector and a 2.5 m long stainless steel 
gas chromatography column (Restek Inc.) 
with 4 mm inside diameter filled with a sta-
tionary phase of 10% diethylene glycol succinate (DEGS)-
treated inerton.

The following chromatography parameters were estab-
lished: sample introduction – 2 mm3 under splitless mode; 
introduction rate – 1.2 cm3/min within 0.2 min, thermostat 
temperature of columns – 180°С; evaporator temperature – 
230°С; detector temperature – 220°С; carrier gas (nitrogen) 
flow velocity – 30 cm3/min [15,16].Fatty acid methyl esters 
were identified by peak retention times as compared with 

standard samples. Compositions of fatty acid methyl esters 
were calculated by applying the inner normalization method. 
Reference samples were standards of saturated and unsatu-
rated fatty acid methyl esters [15,16]. All applied reagents 
were of the highest purity available and purchased from the 
Sigma Aldrich Chemical Company.

RESULTS AND DISCUSSION

Chromatograms of tested herb fatty acid composition 
determination are shown in Figures 1-8. The results of study 
in qualitative composition and quantitative contents of fatty 
acid in Night-scented stock herbs, cultivars Queen of Night 
and Evening Scent, are shown in the table.

Our study enabled identification of 11 fatty acids in the 
seeds of both cultivars of Night-scented stock and 12 for 
each in the threshed grass, stalks and roots, of which 5 are 
saturated, 5 (4 in seeds) monounsaturated and 2 are poly-
unsaturated. In the seeds, threshed grass and stalks of both 
cultivars, two fatty acids for each remained unidentified, 
in roots one for each. It should be noted that both tested 
cultivars of Night-scented stock had a similar fatty acid 
composition.

Table 1. Fatty acid composition of Night-scented stock herb

№ Brief 
designation

Name  
of fatty acid

1 2 3 4 5 6 7 8

Content, % of total

1 С 14:0 myristic 
acid 0.30 5.71 0.44 0.10 0.18 6.05 0.58 0.43

2 С 14:1 (ω-5) myristoleic 
acid 0.08 0.10 0.25 0.22 0.08 0.25 0.30 0.49

3 С 16:0 palmitic 
acid 7.17 17.59 26.46 28.22 7.84 18.80 27.97 33.04

4 С 16:1 (ω-7) palmitoleic 
acid 0.12 0.88 0.67 0.43 0.05 1.13 1.15 0.58

5 *--* 0.20 - - - 0.23 - - -

6 С 18:0 stearic  
acid 3.13 0.83 1.55 3.18 2.85 1.50 3.00 3.96

7 С 18:1 (ω-9) oleic  
acid 15.85 11.05 9.40 11.65 15.10 8.93 8.95 13.65

8 С 18:2 (ω-6) linoleic  
acid 11.60 14.85 26.48 36.04 9.64 13.74 24.25 29.35

9 С 18:3 (ω-3) linolenic 
acid 61.20 38.84 31.35 17.65 63.70 35.77 28.62 14.88

10 С 20:1 (ω-9) gondoic 
acid - 1.08 0.35 0.10 - 1.47 0.15 0.27

11 С 22:0 docosanoic 
acid 0.08 0.33 0.74 1.20 0.05 0.35 0.75 2.10

12 С 22:1 (ω-9) erucic acid 0.07 1.24 0.23 0.20 0.05 2.80 1.29 0.43

13 **--** 0.10 - - 0.20 0.15 - - 0.20

14 ***-* - 5.52 1.15 - - 5.47 1.15 -

15 С 24:0 lignoceric 
acid 0.10 0.18 0.45 0.81 0.08 0.19 0.22 0.62

16 ***--** - 1.80 0.48 - - 3.55 1.62 -

Total unidentified fatty acids 0.30 7.32 1.63 0.20 0.38 9.02 2.77 0.20

Total saturated fatty acids 10.78 24.64 29.64 33.51 11.00 26.89 32.52 40.15

Total unsaturated fatty acids 88.92 68.04 68.73 66.29 88.62 64.09 64.71 59.65

− monounsaturated 16.12 14.35 10.90 12.60 15.28 14.58 11.84 15.42

− polyunsaturated 72.80 53.69 57.83 53.69 73.34 49.51 52.87 44.23

Grand total: 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Total unsaturated/total 
saturated 8.25 2.76 2.32 1.98 8.06 2.38 1.99 1.49

Total saturated/total 
unsaturated 0.12 0.36 0.43 0.51 0.12 0.42 0.50 0.67

ω-6/ω-3 ratio 1:5,28 1:2,61 1:1,18 1:0,49 1:6,61 1:2,60 1:1,18 1:0,51

*-* unidentified components; 1 – Night-scented stock – Queen of Night seeds; 2 – Night-scented 
stock – Queen of Night threshed grass; 3 – Night-scented stock – Queen of Night stalks; 4 – Night-
scented stock – Queen of Night roots; 5 – Night-scented stock – Evening Scent seeds; 6 – Night-
scented stock – Evening Scent threshed grass; 7 – Night-scented stock – Evening Scent stalks;  
8 – Night-scented stock – Evening Scent roots
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Figure 1. Fatty acid composition determination chromatogram of Night-scented stock – Queen of Night seeds

Figure 2. Fatty acid composition determination chromatogram of Night-scented stock – Queen of Night threshed grass
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Figure 3. Fatty acid composition determination chromatogram of Night-scented stock – Queen of Night stalks

Figure 4. Fatty acid composition determination chromatogram of Night-scented stock – Queen of Night roots
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Figure 5. Fatty acid composition determination chromatogram of Night-scented stock – Evening Scent seeds

Figure 6. Fatty acid composition determination chromatogram of Night-scented stock – Evening Scent threshed grass
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Figure 7. Fatty acid composition determination chromatogram of Night-scented stock – Evening Scent stalks

Figure 8. Fatty acid composition determination chromatogram of Night-scented stock – Evening Scent roots
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In all tested types of herb, polyunsaturated fatty acids 
substantially prevailed: in elevated parts – linolenic acid (its 
content in Queen of Night seeds was 61.20%, in Evening 
Scent seeds – 63.70%, in threshed grass – 38.84% and 
35.77%, in stalks – 31.35% and 28.62%, respectively), in 
the underground parts – linoleic acid (36.04% in Queen 
of Night roots, 29.35% in Evening Scent roots). Linolenic 
acid content in seeds was, therefore, 1.5-2 times higher than 
in threshed grass and stalks and 3-4 times higher than in 
roots. A comparison of quantitative content of this fatty acid 
in the Night-scented stock herb cultivars showed that the 
threshed grass, stalks and roots of Queen of Night contained 
somewhat more of this acid than that in the similar parts of 
Evening Scent, whereas the pattern was vice versa in the 
seeds. As regards linoleic acid, all parts of Queen of Night 
have  somewhat higher content than that of Evening Scent. 
Its content in the roots was thrice higher than in the seeds, 
twice higher than in the threshed grass and 1.3 higher than 
in the stalks.

Among monounsaturated fatty acids, oleic acid domi-
nated, being at least 15% in seeds and at least 8.9% in all 
other tested parts of the Night-scented stock cultivars. As 
regards the content of this fatty acid, Queen of Night had 
more of it in the seeds, threshed grass and stalks, whereas 
Evening Scent had greater content in the roots. We found 
as little as 1.15% palmitoleic acid in the threshed grass and 
stalks, 0.7% in the roots and 0.12% in the seeds of both 
cultivars, whereas myristoleic acid content never exceeded 
0.5% in all samples. Gondoic acid was not identified in the 
seeds of either cultivar, its amount in the threshed grass was 
within the limits of 1-1.5%, in the stalks and roots – 0.1-
0.4%. The content of erucic acid in the seeds and roots of 
both cultivars, as well as the stalks of Queen of Night did not 
exceed 0.5%, while in the threshed grass of both cultivars 
and in the stalks of Evening Scent, this did not exceed 3%.

Among the identified saturated fatty acids, palmitic acid 
was of greatest content. In the Evening Scent cultivar, this 
was somewhere higher than in the other cultivar and was 
at 7.17% in Queen of Night seeds as compared to 7.84% in 
Evening Scent seeds (and respectively, 17.59% and 18.80% 
in threshed grass, 26.46% and 27.97% in stalks, 28.22% and 
33.04% in roots).

The myristic acid content in the threshed grass was 5.71% 
for Queen of Night and 6.05% for Evening Scent cultivar, 
whereas in other parts of this herb it never exceeded 0.6%. 
Stearic acid content in seeds, stalks and roots was below 4%, 
and below 1.6% in the threshed grass. Docosanoic (behenic) 
acid was mostly accumulated in the below ground parts 
(1.20% in the roots of Queen of Night and 2.10% in that of 
Evening Scent), while its content decreased successively in 
the stalks/threshed grass/seeds and was actually identical 
for both cultivars.

Comparative analysis of the fatty acid composition 
showed that Evening Scent contained more stearic, palmi-
toleic, myristic, myristoleic and erucic acid in the threshed 
grass, stalks and roots, while Queen of Night contained more 
in the seeds.

Unsaturated fatty acids was at 88.92% in the seeds  
of Queen of Night and 88.62% in the seeds of Evening 
Scent. For other parts of the herb, this value varied from 

59.65% in Evening Scent cultivar roots, to 68.73% in Queen 
of Night cultivar stalks, making an average of 65%.

Foreign literature sources depict fatty acid composition 
of Matthiola bicornis (Sibth. & Sm.) DC seeds as follows: 
myristic (0.1-0.4%), palmitic (6.0-12.0%), palmitoleic 
(0.2-0.8%), stearic (2.3-3.0%), oleic (14.0-14.3%), linoleic 
(8.3-12.0%), linolenic (60.0-66.0%), eicosanoic (0.1%), 
gondoic (0.1%), eicosadienoic (0.1%), behenic (0.1%) and 
epoxy-18:2 (2.5%) fatty acids [1]. No data is found in acces-
sible literature sources as regards the fatty acid content in 
other parts of the Night-scented stock herb. A comparison 
of the above data with the results of our research shows 
that the quantitative content of fatty acids was more or less 
equal. As to the qualitative composition, we found in the 
Ukraine-grown herb, the presence of myristoleic, erucic and 
lignoceric acids that were not identified in the foreign-origin 
herb. Moreover, while research elsewhere identified gondoic, 
eicosanoic, eicosadienoic and epoxy-18:2 fatty acids in the 
herb, these were not found in the Ukraine-sourced plants 
that we studied. With 23.0-31.5% fatty oil per dry weight 
in the seed [1], Matthiola bicornis (Sibth. & Sm.) DC has 
potential as a new oil crop.

CONCLUSION

1. Qualitative composition and quantitative content of fatty 
acids were determined by gas chromatography to threshed 
grass, stalks, roots and seeds of Night-scented stock cul-
tivars Queen of Night and Evening Scent as cultivated 
in Ukraine.

2. Both tested cultivars of Night-scented stock had identical 
fatty acid composition, and 12 fatty acids for each cultivar 
were identified in their threshed grass, stalks and roots, 
and 11 fatty acids in their seeds. The ratio of identified 
polyunsaturated, monounsaturated and saturated acids 
was 2:5:4 for the seeds and 2:5:5 for all other parts of 
the herb.

3. The polyunsaturated and monounsaturated fatty acids 
demonstrated quantitative prevalence among the identi-
fied fatty acids – as much as 88.92% and 88.62% in the 
seeds of Queen of Night and Evening Scent cultivars, 
respectively and 65% at an average in the other parts. 
Among the polyunsaturated fatty acids, linoleic and lino-
lenic acids dominated, whereas oleic acid was of greater 
prevalence among the monounsaturates.

4. A comparison of the results of our research with the 
data from foreign literature sources gives grounds for 
the conclusion of a mostly similar quantitative content 
of fatty acids.

5. The results of our research bring about the suggestion 
that Night-scented stock herb be investigated as a source 
of polyunsaturated fatty acids for the development of 
drugs, as well as its use for standardization of tested raw 
materials.
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