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I. INTRODUCTION 

Phytosterols (plant sterols) are found in the cells of all 

plants. They are important structural components that 

stabilize the biological membranes of plants. In nature, sterols 

can be found as free sterols or as four types of conjugates in 

which the 3-hydroxyl group is esterified to a fatty acid or 

hydroxycoric acid or glycosylated by hexose (usual glucose) 

or 6-fatty acylhexose. Glycosides are the most common form 

found in cereals [7]. 

Phytosterols belong to the family of triterpenes: they 

consist of a tetracyclic structure and a side chain in position 

C-17 (Fig. 1). The structure of phytosterols is very similar to 

the structure of cholesterol, which is currently the most 

common steroid found in animal cells. Contrary to popular 

belief, plant cells also contain cholesterol, although its level 

usually remains below 1% of total sterols. 

Unlike animal cells, several hundred different sterols have 

been found in plant cells. They differ primarily by 

substitutions in C-4 (Fig. 1) and C-24 (Fig. 1) on the side 

chain, the unsaturation of the side chain and rings, as well as 

conjugation of the alcohol hydroxyl group C-3 (Fig. 1) not 

only with fatty acids but also with phenolic acids and 

carbohydrates [9]. 
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Fig. 1. The structure of sterols. 

 

Phytosterols are a family of more than 200 different 

compounds derived from different species of vegetation and 

aquatic flora [20]. Campesterol, beta-sitosterol, and 

stigmasterol are the most common phytosterols, both 

structurally resembling cholesterol, except for the additional 

hydrocarbon chain at position C-24 (Fig. 1). 

Phytosterols are plant sterols that have similar structural 

and biological functions to cholesterol [1]. They have shown 

protection against various chronic diseases, such as 

cardiovascular disease [4], hepatoprotective diabetes, and 

cancer [2]. The greatest results were achieved when using 

phytosterols in the fight against hypercholesterolemia [5]. 

Concerning cancer prevention, it has been stated that a diet 

rich in phytosterols can reduce the risk of cancer by 20% [13]. 

Phytosterols are structural components of the cell membrane 

that are involved in the regulation of membrane processes. ). 

The human body receives phytosterols exclusively through 

the food of plant origin, as the cell does not synthesize 

phytosterols endogenously. Serum phytosterol levels in 

humans range from 7 to 41 mmol/l (2.9–17.0 mg/l). 
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Plant foods, mainly nuts, seeds, vegetable oils, cereals, and 

legumes, are the richest source of phytosterols [1]. The group 

of stanols is especially distinguished, which differs somewhat 

in the absence of a double bond between the atoms C-5 and 

C-6 (Fig. 1). Plant stanols can be found in conifers such as 

pine and spruce. The daily dietary intake of plant stanols is 

about 25 mg/day compared to sterols and in the range from 

150 to 400 mg/day, which includes 65% consumption in the 

form of b-sitosterol, 30% in the form of campesterol, and 5% 

in the form of stigmasterol [10] 

There are two main periods in the history of the study and 

use of phytosterols. The first is characterized by an interest in 

phytosterols as such and their properties in the 50s of the 20th 

century, it was determined that phytosterols have a positive 

effect in normalizing cholesterol balance, they were used in 

pure form, but had to use fairly large doses [8]. The second 

stage began after the publication of data on the greater 

efficiency of sterol esters and glycosides in comparison with 

the pure substance. The esterified form of phytosterols shows 

good solubility in fats while the glycosidic form of 

phytosterols is more soluble in water. Such properties are 

extremely important for bioavailability, given that pure 

phytosterols are waxy powder with a melting point greater 

than 140 ºC and insoluble in water and fats. One of the known 

methods of converting phytosterols into an esterified form is 

transesterification with lipase with one oil, such as rice or 

sunflower oil [12]. 

After proving the benefits of prophylactic use of 

phytosterols [11], foods with added phytosterols [1] have 

appeared on the market, including beverages, yogurts, 

phytosterol-containing spreads, and fat-containing products, 

but phytosterols can also be added to more traditional foods. 

clear products [6]. 

Esterified phytosterols can be used in the production of 

fatty, milk-containing products, and the presence of 

phytosterols changes the conditions of crystallization in 

water-milk fat emulsion systems. It should be noted that 

recent studies have shown that the presence of high amounts 

of phytosterols slowed down crystallization, even though at 

low doses phytosterols acted as centers of crystallization [3]. 

The purpose and objectives of the study. The work aims to 

study the conditions of the transesterification reaction of 

vegetable fats with the addition of phytosterols. 

 

II. MATERIALS AND METHODS 

A. Materials 

For transesterification were taken food-grade palm stearin, 

food-grade palm oil, refined deodorized food-grade 

sunflower oil, 98% phytosterols (Xi'an Sgonek Biological 

Technology Co., Ltd. China), sodium methylate, citric acid. 

B. Experimental Installation for Transesterification 

For transesterification, a 3-necked flask was used in a sand 

bath with a vacuum, a thermometer, and a magnetic stirrer. 

C. Experiment 1 

A portion of palm stearin: palm oil: sunflower oil in a ratio 

of 75:10:15 heated to melting point and poured into a reaction 

flask then stirred for 10 minutes, a portion of 0.25 g of sodium 

methylate was added, the reaction was carried out for 30 

minutes, then 0.01 g of citric acid was added to neutralize 

sodium methylate. After completion of the reaction, the hot 

mixture was purified from the catalyst and citric acid by 

filtration under vacuum through a paper filter with a pore size 

of 8… 12 μm. The resulting product below will be Sample 1. 

D. Experiment 2 

A portion of palm stearin: palm oil: sunflower oil in a ratio 

of 75:10:15 heated to melting point and poured into a reaction 

flask then stirred for 10 min, a portion of 0.25 g of sodium 

methylate was added, 6% of phytosterols were added after 

stirring with sodium methylate. The reaction was carried out 

for 30 min, then 0.01 g of citric acid was added to neutralize 

sodium methylate. After completion of the reaction, the hot 

mixture was purified from the catalyst and citric acid by 

filtration under vacuum through a paper filter with a pore size 

of 8… 12 μm. The resulting product hereinafter referred to as 

Sample 2. 

E. Determination of Na  

The analyzed sample was subjected to mineralization with 

a solution of nitric acid in the system of microwave 

decomposition "Mileston" ethos easy. After decomposition, 

the mineralization was quantitatively transferred to a 

volumetric flask and brought to the mark with water. An 

atomic absorption spectrometer with electrothermal 

atomization of high resolution "Analytik Jena" ContrAA 

800G was used for analysis. calibration of the sample was 

performed by the method of standard additives. 

F. Determination of Fatty Acid Composition 

The sample was transferred into a test tube, isooctane was 

added, the contents were shaken. Then a solution of 

potassium methylate was added and the contents were shaken 

again. After settling the sample, the upper layer was selected 

for further analysis. For analysis, a gas chromatograph with a 

flame ionization detector "Shimadzu" GC-2010 Plus was 

used. Capillary column - "Thermo" TR-FAME 30m. Helium 

carrier gas. Evaporator - with flow separation. 

G. Determination of Sterol Composition 

The sample, with added betulin solution, was subjected to 

hydrolysis in KOH solution. After hydrolysis, ethyl alcohol 

was added to the sample. The mixture was then passed 

through a column filled with alumina and eluted with ethyl 

alcohol and diethyl ether. The collected fraction, after column 

chromatography, was evaporated on a rotary evaporator to a 

drop, then in a stream of nitrogen to dryness. The dry residue 

from the walls of the flask was washed with diethyl ether and 

applied to TLC plates with a layer of silica gel. The dried 

plates were placed in a chamber with a mixture of hexane: 

diethyl ether 1: 1. After raising the front to the top of the plate, 

they were pulled out and dried. The plates were sprinkled 

with methanol and marked White line, 1.5-2 cm wide, which 

corresponds to sterols and betulin. The sorbent layer was 

cleaned from the plate along the specified line and washed 

with diethyl ether. Then the ether was evaporated to dryness 

in a stream of nitrogen. The dry residue was washed with 

small portions of diethyl ether in a vial in which it was 

evaporated to dryness. A silylating agent (N-Methyl-N-

trimethylsilylhepta-fluoro butyramide) was added to the dry 

residue. The vial was thermostated at 105 degrees Celsius. 
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After cooling, isooctane was added to the contents in an 

amount equivalent to the silylating agent. The contents were 

mixed and subjected to further analysis. A gas chromatograph 

with a Shimadzu flame ionization detector GC-2010 Plus was 

used for analysis. Capillary column – "Agilent" SE-54. 

Helium carrier gas. Evaporator - with flow separation. 

H. Determination of the Melting Point 

To determine the melting point in the samples using the 

method for determining the flow point with polymorphism. 

In the capillaries with a diameter of 1.3 mm was taken a 

sample, which was defended for 17 hours at a temperature of 

20 degrees so that it was filled with 10 mm, the excess 

particles of the sample were removed from the surface of the 

capillary. After that, the capillaries were attached to the 

thermometer so that the sample was at the level of the 

thermometer ball. The capillary thermometer was immersed 

in cold water, which was stirred and heated to 1 degree/min. 

The melting point was determined by the temperature at 

which fat starts going up. 

 

III.  RESULTS AND DISCUSSION 

The main indicators of milk fat substitute are neutral taste 

and smell - to obtain a safe substitute of the highest quality, 

the following raw materials are selected: palm kernel oil 

(similar in characteristics to coconut oil), palm stearin (used 

as a substitute for solid milk fats in oil and fat production) and 

sunflower oil (to improve the taste so that the composition 

does not leave a salty taste). Palm oil was not included in the 

composition of the fat composition due to its consistency 

properties at 20 °C, according to DSTU 4306: 2004 it is semi-

solid and mobile, which does not allow to fully regulate the 

melting temperature. 

Studies of the obtained product showed that sample 1 and 

sample 2 have a homogeneous structure, white color, sample 

2 has a shade of characteristic aroma and taste of phytosterols. 

That is, we see that the addition of phytosterols did not have 

a significant effect on the appearance of the product. 

Determination of residual sodium was performed to 

determine the amount of catalyst remaining in the samples. In 

sample 1, the result was 3,112 mg/kg or 0.0257% or in terms 

of sodium methylate 0.06%. In sample 2, the result was 

2.242 mg/kg, or 0.0183% 0.0257% or in terms of sodium 

methylate 0.042%. Given that the reaction was taken 0.25%, 

we can say that in sample 1 there was 10.3% of the initial 

amount, and in sample 2 7.3% of the initial amount. 

In terms of fatty acid composition, samples 1 and 2 are 

similar, which means that the addition of sterols to the 

transesterification reaction did not affect the fatty acid 

composition and did not cause the transition of cis acids into 

trans forms. (Table 1). 

Examination of the sterol composition of the obtained fat 

mixture enriched with phytosterols by chromatographic 

method indicates the presence of 2.89±0.01% of phytosterols, 

while the transesterified mixture without the addition of 

extraneous sterols was in the composition of 0.11±0.01% of 

phytosterols. The obtained results allow us to conclude that 

during transesterification 48% of phytosterols were converted 

into fat-soluble form. This effect can be caused by the 

simultaneous esterification of phytosterols and changes in 

fatty acids during transesterification. Given that the 

phytosterols remaining on the filter did not react are quite 

specific and have a relatively high cost, they should be 

collected and sent for a second reaction cycle by adding to 

pure phytosterols. 

 
TABLE 1. FATTY ACID COMPOSITION OF TRANSESTERIFIED SAMPLES 

Name of fatty acid Sample 1 Sample 2 

C 10:0 Capric, % 0.26 0.22 
C12:0 Lauric, % 4.08 3.72 

C13:0 Tridecanoic, % 0.01 0.01 

C 14:0 Myristic, % 2.24 2.12 
C 15:0 Pentadecanoic, % 0.04 0.04 

C16:0 Palmitic, % 42.65 42.60 

C16:1 Palmitoleic, % 0.09 0.09 
C17:0 Heptadecanoic, % 0.09 0.09 

C17:1 Cis-10 Heptadecenoic, % 0.02 0.02 

C18:0 Stearic, % 4.50 4.57 

Tr 18:1 Elaidic, % 0.33 0.34 

C 18:1 n9c Oleic, % 30.09 29.99 

Tr 18:2 Octadecadienoic, % 0.04 0.05 
C18:2 Linoleic, % 14.71 15.26 

C18:3n6 Gamma-linolenic, % 0.32 0.32 

C18:3 Alfa-linolenic, % 0.09 0.09 
C 20:1 n9 Icosenoic, % 0.12 0.12 

C 24:0 Lignoceric, % 0.09 0.10 

 

Analyzing the chromatograms of the sterol composition, 

we can see the difference between the sterol composition 

(Table 2) of sample 1 and sample 2 due to the addition of the 

sterol fraction, which still contains a large amount of 

sitosterol and campesterol. 
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b) 

Fig. 2. Results of sterol content chromatographic research after 

transesterification without phytosterols (a) and by adding pure phytosterols (b). 

 

The results of measuring the melting point showed that 

when phytosterols are added, the melting point decreases 

from 36 to 32 ºC, which is caused by the presence of 
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phytosterol esters of fatty acids, which increase the plasticity 

of the fat mixture. This aspect is the most important, because 

the melting point is a qualitative indicator of milk fat 

substitutes, affects the consistency, taste, and storage 

conditions. 

 
TABLE 2: STEROL CONTENT OF TRANSESTERIFIED PRODUCTS 

Name of sterol component Sample 1 Sample 2 

Cholesterol, % 1.6 0.3 

Brassicasterol, % 0.0 0.0 

Campasterol, % 12.0 29.2 
Stigmasterol, % 8.1 11.3 

Delta-7-Campsterol, % 5.3 0.8 

Clerosterol, % 1.9 0.9 
Sitosterol, % 53.7 53.0 

Sitostanol, % 0.5 1.4 

Delta-5-Avenasterol, % 3.4 1.1 
Delta 5,24 stigmadienol, % 2.0 0.9 

Delta-7-stigmastenol, % 9.3 0.8 

Delta-7-avenasterol, % 2.2 0.3 
Total content in sample, ppm 1150 28900 

 

Approbation of research results. The research results allow 

modernizing the existing transesterification technologies for 

the production of transesterified fat with new properties. The 

fat transesterified by this technology can be used for a wide 

range of fat-containing products, in particular spreads, 

sauces, sour cream products. 

 

IV. CONCLUSION 

During transesterification, a mixture of fats with 

phytosterols was obtained, which can then be used for the 

manufacture of fat-containing foods. The product thus 

obtained can be on a par with traditional milk fat substitutes, 

although due to the transesterification technology there are no 

or have to trace trans isomers of fatty acids, and the presence 

of phytosterols in an accessible form gives special dietary 

qualities to the product. 

Conversion of green fat with added phytosterols as a 

promising technology for fatty products, supplemented with 

phytosterols. The price is tied to this mode of esterification to 

be kept immutable, and from the technological point of view, 

it can be known that the filter of the fine product does not 

need to be processed, but at the same time there is an excess 

of phytosterol in the filter that can be recycled. 
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