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Introduction. It was researched the chemical composition of 
fenugreek hay leaves which is a source of biologically active 
substances and used as spice-aromatic raw materials for the 
confectionery products. 

Materials and methods. The chemical composition of fenugreek 
hay leaves were studied by ultra high-speed high performance liquid 
chromatography, spectrophotometry and gas chromatography with 
mass-selective detection. To investigate the composition of leaves 
extract aglycones acidic hydrolysis was used. After hydrolysis 
aglycones were extracted by ethylacetate and extracts were used for 
chromatography. To identify component composition the 
derivatization method was used.  

Results and discussion. The presence of phenolic compounds, 
phenolcarbonic acids, chlorophylls, trigonoline alkaloids, which have 
a high antioxidant potential, was confirmed in the chemical 
composition of fenugreek leaves. It is known that phenolic 
compounds in plants are rarely found in the free state. Most of them 
are presented in the form of various O- and C-glycosides. The 
diversity of flavonoid glycosides is due to a significant amount of 
sugars and the different positions of their attachment to the 
aglycones, as well as the fact that sugars may have different 
configurations of glycosidic bonds.  

It was identified the luksosa, beta-dl-arabinopyranose, sucrose, 
raffinose, glycerol, xylitol in the fenugreek leaves extracts. The 
presence of amino acids such as L-alanine, L-valine, L-proline, L-
threonine had been proved in these leaves. The oxyacetic, succinic, 
2,3-dioxypropanoic, 2,3,4- threehydroxybutyric acids and fatty 
palmitic and alpha-linolenic acids were also identified in the leaves 
extracts.  

Fenugreek essential oil contains: hexadecene, eicozanol, ethyl 
palmitate, ethylinoleate, beta-hydroxy-butyric,beta-aminoizobutyric, 
hydroxybutanedicarbonic, 1,2,3-propanethreecarbonic acids; ethyl 
esters of linoleic, levulinic, palmitic, ethylpalmitic, citric acids, 
which are likely to form a flavor of spicy-aromatic raw materials. 

Conclusions.  The presence of phenolic compounds, essential 
nutrients, aromatics in the fenugreek leaves should increase the shelf 
life, the nutritional value, improve the sensory properties of 
confectionery. 
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Introduction 
 
Food manufacturers, in particular confectionery products, are increasingly using spice-

aromatic plant raw materials as a source of biologically active substances (BAS). Essential 
oils, tannins and phenol substances play an important role in the formation of the flavor, 
promote the increase of the product shelf life. Besides, bioactive substances of medicinal 
plant can prevent cardiovascular diseases, carcinogenesis, inflammation, atherosclerosis  
and other human deseases [1, 2].  

Leafy vegetable Fenugreek (Trigonella foenum-graecum) has been used as an effective 
medicinal plant as well as a fodder plant. Leaves of fenugreek hay have the aroma and 
antioxidant properties and pleasant taste [3-6]. It was shown that the green leaf of 
Trigonella foenum-graecum influenced the cholesterol balancing, sugar–level, skin 
inflammation (wounds, rashes, boils), treating arthritis, asthma, sore throat [9]. It was 
suggested that phytoconstituents such as flavonoids, alkaloids, terpenoids, steroids, 
saponins, anthocyanin, tannin and other were involved in this effect. 

Fenugreek is an annual spice-aromatic plant, belongs to the legumes family. Seeds and 
leaves of plants contain many antiseptic, antioxidant and anti-inflammatory substances, 
such as apigenin, genistein, campeferol, quercetin, rutin, selenium, trihonellin alkaloid, 
iodine and are using in the food industry [7, 8]. The foliage contain a large amount of 
bioactive substances: vitamins A, C, B1, B2, B9 (folic acid), nicotinic acid (vitamin PP), 
rutin, tannins, food fibers, macro and microelements – iron, potassium, phosphorus, 
magnesium , calcium etc. [10–14]. 

Phenolic compounds present in plants are rarely found in a free state. Most of them are 
presented in the form of various O- and C-glycosides. The variety of flavonoid glycosides 
is due to a significant amount of sugars (glucose, arabinose, xylose, etc.) and the their 
ability to attach to the position of aglycones, as well as sugars can have different 
configurations of glycoside bonds. To the best of our knowledge, there were not  sufficient 
data on the composition of carbohydrates, amino acids, fatty acids, aromatic substances of 
fenugreek hay leaves in the scientific literature, and this substantiates the actuality of the 
present work. 

Consequently, the identification and quantification of phenolic compounds in plant 
material requires complex researches.  

The purpose of this work was to study the chemical composition of the leaves of 
fenugreek hay, the possibility of its use in the production of a new range of flour 
confectionery products with high fat content, in particular, crackers and puffy cookies, as a 
natural antioxidant and a flavoring additive. The presence of antioxidants in the formulation 
of foods with fat content is very important because they can inhibit the rate of fat oxidation 
[15]. To determine the classes of organic substances of fenugreek leaves the high-
performance liquid chromatography was used.  
 

Materials and methods 
 
The samples of fenugreek (Trigonella foenum-graecum) leaves have been received 

from M.M. Grishko National Botanical Garden of National Academy of Sciences of 
Ukraine. 
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Ethanol extract obtaining 
 

2.5 g of dry crushed leaf was putted to a 100 ml flask, 60 ml of 96% ethanol was 
added,  reversed condenser was attached and flask was heating in a boiling water bath for 
90 min. After that, the water bath was cooled, the fridge was washed with 5 ml of ethyl 
alcohol, and the content of the flask was filtered into a 100 ml measuring flask. Then 
procedure was repeated with 35 ml of ethanol. The final volume of ethanol extract was 
adjusted to 100 ml. 

 
Obtaining of hydrolyzed extracts 
 

0.4 g of dry crushed leaves were transferred to a 100 ml flask attached by a reversed 
condenser, 20 ml of ethyl alcohol, 20 ml of distilled water and 10 ml of concentrated 
hydrochloric acid were added. After attaching the flask to the reversed condenser the 
mixture was heated for 90 minutes in a boiling water bath. After that, the condenser was 
washed with 20 ml of distilled water and flask was cooled. The content of the flask was 
transferred to a 100 ml separate funnel through a paper filter, 25 g of sodium chloride was 
added and mixed thoroughly. The organic compounds were extracted with 30 ml of ethyl 
acetate, the procedure was carried out in two consequent repetitions. After extracts drying 
with anhydrous sodium sulfate, the ethyl acetate was evaporated by vacuum. After 
evaporation the residue was dissolved in 50 ml of ethanol. 

 
Ultra high-speed high performance liquid chromatography 
 

Ultra high-speed high performance liquid chromatography of leave extracts was carried 
out using HPLC (WATERS (USA), column ACQUITY UPLC®BEHC18, 1,7 µm, 50x2,1 
mm) with diode-matrix detection (PDA) and gradient changing of the mobile phase 
(acetonitrile-water) composition. 

Organic substances with hydrogen mobile atoms in plants are present in conjugated 
form and to investigate their composition in forms of aglycones acidic hydrolysis was used. 
After hydrolysis aglycones were extracted by ethylacetate and extracts were used for 
chromatography. Composition of remaining ethanol extracts after removal of ethanol were 
also analyzed [10].  

 
Spectrophotometric analysis 
 

Spectrophotometric analysis of leave extracts was performed on the spectrophotometer 
Specord 210 Plus (Germany) [16].  

 
Gas chromatography with mass-selective detection 
 

To identify component composition of the extracts, the derivatization method was 
used, which allows to increase the molecular weight of the initial substances. N-methyl-N-
trimethylsilyl-trifluoroacetamide (TMS) reagent was used for derivatization.  

For TMS derivatives obtaining 5 ml of ethanol extract was putted into vial and ethyl 
alcohol was removed by evaporation at 78° C. 300 μg of anhydrous pyridine and 100 μg of 
TMS reagent were added to the dry residue. Vial was sealed and placed in UZB for 30 
minutes. After this, 1 ml of acetonitrite was added to the vial, mixed and obtained mixture 
of derivatives were analyzed on chromatograph Agilent GC/MSD 7890A/5975C with 
capillary column HP-5MS [13].  
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Results and discussion  
 
According to electronic absorption spectrum of the samples the phenolic acids 

(absorption at 326 nm), aromatic compounds (absorption in the range 350-600 nm), 
chlorophylls (667 nm) were presented in initial leaf extracts of fenugreek (Figure 1).  

Displacement of the maxima to the ultraviolet region with an increase of the pH of the 
solution (Figure 1, 2) indicates the destruction of the intramolecular hydrogen bond under 
pH increasing. 

 

 
 

Figure 1. Electronic absorption spectrum of initial leaf extract (1-pH=6,5; 2-pH=11,8) 
 

 
Ultra high-speed high performance liquid chromatography (UHPLC) of initial leave 

extracts (Figure 2a and 2b) have demonstrated presence of phenol carboxylic acids 
(retention time 4.52, 5.59, 6.46 min), catechins (retention time 5.24, 5.45 min) and alkaloid 
trihonellin (retention time 6.29 min). Eight different substances were identified by this 
analysis with spectrophotometrical detection at 325.0 and 350 nm (Table 1). 

 
Table 1 

 Content of substances in initial leaf extract according to Figure 2 a, b 
 

Retention time, 
min 

% from the total 
content 

Retention time, 
min 

% from the total 
content 

PDA 325.0 nm PDA 350.0 nm 
0,983 7,7 5,241 4,8 
4,520 54,9 5,454 17,3 
6,461 37,5 5,585 47,0 

- - 5,830 18,0 
- - 6,292 13,0 
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Figure 2a. Chromatogram of initial leaf extract (PDA 325.0 nm). 
 

 

 
 

Figure 2b.  Chromatogram of initial leaf extract (PDA 350.0 nm). 
 

The distribution of peaks and their absolute intensity on the sample electronic 
absorption spectrum after acid hydrolysis were similar to the original spectrum (Figure 3).  

 

 
 

Figure 3. Electronic absorption spectrum of ethylacetate extracts after hydrolysis of leaf 
extracts (1-pH=6,5; 2-pH=11,8) 
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Analysis of this extracts by HPLC had shown that catechins were destructed under acid 
hydrolysis of initial leaf extract (Figure 4). Trihonellin was absent in ethylacetate extracts 
of hydrolyzed initial leaf extracts. The number of new substances were detected after acid 
hydrolysis, absorbtion peaks of which are close to phenolic acids. Ratio of detected 
components are presented in Table 2.  

 
 
 

 
 

Figure 4. Chromatogramm of ethylacetate extracts after hydrolysis of leaf extracts (PDA 350) 
 

Table 2 
Ratio of components ethylacetate extracts after hydrolysis of leaf extracts (PDA 350.0 nm)  

 
№ Retention time, min % from the total 

content 
1 3,206 14,84 
2 4,353 6,65 
3 4,668 1,30 
4 4,930 36,90 
5 6,859 25,02 
6 7,615 5,66 
7 8,078 9,63 

 
Using of mass-chromatography for analysis of initial leaf extracts gave possibility to 

detect number of aliphatic substances mainly hexadecen, linolenic acid and eycosanol 
(Figure 5).  

The mass-chromatogramm of ethylacetate extracts after hydrolysis of leave extracts 
presented in Figure 6 have demostrated that after acid hydrolysis, a number of compounds 
appeared: ethyl esters of levulinic acid, ethyl palmitate, ethylinoleate. 

The mass-chromatography of ethylacetate extracts after hydrolysis has detected the 
carbonic acid esters, that are probably the constituent of essential oil of fenugreek. They are 
the ethyl esters of levulinic acid, ethyl esters of citric acid, 1,2,3-propanetricarboxylic acid 
ethyl esters, ethyl esters of palmitic, linoleic, beta-hydroxy-butyric and citric acid. 
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Figure 5. Mass-chromatogramm of initial fenugreek leaf extracts 
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Figure 6. Mass-chromatogramm of ethylacetate extracts after hydrolysis of fenugreek leaf 
extracts 

 
 

To identify component with low molecular weight derivatization method was used and 
amino acids L-alanine, L-valine, L-proline, L-threonine, a number of carbohydrates, mainly 
lyksosa, β-dl-arabinopyranose, sucrose and raffinnose were detected in initial fenugreek 
leaf extracts (Figure7). The oxoacetic acid, succinic acid, 2,3-dioxypropane acid, 2,3,4 – 
trihydroxybutyric acid, palmitic acid, α-linolenic acid, as well as glycerol and xylitol were 
identified in these extracts after derivatization.  
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Figure 7. Mass-chromatogramm of TMS derivates of initial ethanol extracts of 
fenugreek leaf  

 
The TMS derivates of constituents of fenugreek leaf extracts were obtained also after 

acidic hydrolysis. Mass-chromatogramm of TMS derivates of fenugreek leaf extracts after 
acidic hydrolysis have demonstrated presence of β-hydroxybutyric acid, beta-
aminoisobutyric acid, hydroxybutanedicarboxylic acid, citric acid, ethyl ester of palmitic 
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and linoleic acid (Figure 8). The intense (2,499 min) peak is due to the interaction of the 
destruction product of the reagent (methylamine) with the reagent.  

Therefore, using ultra high-speed high performance liquid chromatography, 
spectrophotometry, gas chromatography with mass-selective detection it was shown the 
presence of phenolic carboxylic acids, flavonoid compounds, trihonellin alkaloids, which 
have a high antioxidant potential, the components of fenugreek essential oils, sugars, amino 
acids and aromatic substances in fenugreek leaf. 

 

 
 

Figure 8. Mass-chromatogramm of TMS derivates of fenugreek leaf extracts after acidic 
hydrolysis  
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Conclusion 
 
1. For the first time by application of spectrophotometry method with reference to 

electronic absorption spectrum we were able to identify the phenolic acids (absorption at 
326 nm), aromatic compounds (absorption in the range 350–600 nm), chlorophylls (667 
nm) in initial leaf extracts of fenugreek.  

2. By conducting analysis of this extracts by HPLC it was shown destruction of 
catechins and absent of trihonellin in ethylacetate extracts. New identified substances 
judging from absorption peaks are close to phenolic acids.  

3. Mass-chromatography allowed us to recognize in fenugreek leaf extracts after acid 
hydrolysis a number of compounds: ethyl esters of levulinic acid, ethyl palmitate, 
ethylinoleate. However, alongside we found carbonic acid esters, that probably corresponds 
as constituent of essential oil of fenugreek. In addition we found number of carbohydrates 
and complex phenolic carboxylic acids, flavonoid compounds, trihonellin alkaloids, which 
have a high antioxidant potential. It is recommended the using of fenugreek leaf as effective 
source of antioxidants in production of the flour confectionery products, particularly of 
crackers and puffy cookies. 
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