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ABSTRACT : Phytosterols is a kind of natural active substance, which has many
physiological functions that beneficial to human body. It can be used as pharmaceutical raw
materials and functional food supplements. In recent years, phytosterols have been extensively
studied in the prevention of cardiovascular diseases, and a series of research results have been
reported. This paper combined the literature recent decades, and introduced the source and
distribution, structures and properties of phytosterol, focusing on the preparation technology of
phytosterol, including solvent extraction, esterification, distillation, supercritical CO2
extraction, saponification method and microorganism fermentation, and the mechanism of
blood lipid lowering function of phytosterols were discussed and summarized. The future
research direction was prospected in order to provide the reference for the development and
utilization of phytosterols.

1. INTRODUCTION

Phytosterols are important structural components that occur in the cells of plants, animals and
microorganisms. Their structure is perhydrocyclopentanophenanthrene (Fig. 1[1]). The skeleton is
often connected with hydroxyl in C3, which can form derivatives via an ester or glycosidic bond.
There are junction points connecting other carbon chains, which define the properties and functions of
phytosterol molecules.[2] Phytosterol is a white solid powder with a melting point of more than 100°C
and a high boiling point. The melting point is 139~142°C of B-sitosterol, 157~158°C of campesterol,
and 165~167°C of stigmasterol. The boiling point is 501.9°C of B-sitosterol, and 490.4°C of
stigmasterol. Phytosterols can be dissolved in organic solvent like ether, petroleum ether, benzene,
trichloroethane and ethyl acetate, and cannot be dissolve in water. The density is a little large than
water, and the relative molecular mass is from 386 to 456. [3]

Figure 1 Chemical structure of the phytosterol
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Phytosterols exist universally in the roots, stems, foliage, fruits and seeds of various species of
plants. Not only do they have the therapeutic effects of lowering serum cholesterol levels[4], but also
have effects of anti-inflammatory, analgesia, preventing cardiovascular and cerebrovascular diseases,
antioxidation, antineoplastic therapy[5], immunoregulation, skin protection and delaying senescence.
Hence researches and exploitations to them are always hotspot in nature products researching field. In
recent years, they have been widely used in medicine, food, cosmetics and other fields as drug
intermediates and functional active factors.

2. PREPARATION TECHNOLOGY OF PHYTOSTEROL

2.1 Solvent Extraction

EExtraction is a traditional method that usually used in massive commercial process because of the
simplicity, yet the disadvantages are large consume of solvent, environment contamination and
potential safety hazard. This method had been well developed in extracting phytosterol many years
ago. Lin[6] used the mixture of methanol and acetone to extract phytosterol from deodorant distillates.
With the process of crystallization in -20°C, centrifugation and filtration, the extraction efficiency
reached to 80%. Robinson[7] extracted phytosterol from unsaponifiable matter of tall oil using mixed
heptane and water. The ratio was 65.9%, and the purity reached to 94.3%. Some studies have found
that the sterol components extracted with different solvents are quite special. Hamunen[8] extracted
phytosterol from unsaponifiable matter of vegetable oil by methanol, 65%~80% of sterol was
sitosterol.

With the development of microwave and ultrasonic technology, many researchers used them as an
auxiliary method for solvent extraction. Wang[9] extracted sterol from pumpkin seeds with ethyl
acetate as solvent by ultrasonic-assisted method. The time was shortened to 50min after optimizing the
process conditions, and the yield was 1.106mg/g. Xu[10] extracted phytosterol from white mulberry
bark with ethyl acetate by microwave - assisted method. Compared with solvent extraction method
and ultrasonic method, the yield of microwave-assisted method increased by 1.57% and 19.07%
respectively, and the extraction time was greatly shortened to 41s.

2.2 Esterification and Distillation

The esterification and distillation method is used to extract from deodorant distillate. The raw material
was pretreated with esterification to convert free fatty acids into fatty acid methyl ester with lower
boiling point. Then methyl ester and vitamin E were removed using molecular distillation.
Phytosterols were finally obtained after adding alkali to remove glycerol ester.[11] Take soybean
deodorization distillate as an example, deodorization distillates mainly contain free fatty acids, sterols,
vitamin E, sterols esters, glycerides, some odor substances and pigments.[12] Under high vacuum, the
substances with lower boiling point than sterol were evaporated, and sterols are concentrated in heavy
phase. Most of deodorization distillates had lower boiling points than sterol. The boiling point is
350°C~360°C of oleic acid, 218.5°C of methyl oleate, 200°C~220°C of vitamin E.

In the stage of esterification pretreatment, chemical catalysis was generally adopted in industry,
with concentrated sulfuric acid as catalyst, methanol or ethanol as reactant, and esterification reaction
occurs by heating reflux.[13] This method was low cost, but it pollutes the environment.

In recent years, many scholars were exploring a new method of environmental protection -
enzymatic method, which means using lipase to catalyze free fatty acid esterification to form fatty acid
methyl ester. This approach was mild, safe and pollution-free, but the disadvantages were the high
price of enzymes and the special requirements for the composition and physical and chemical
properties of raw materials.

After the esterification pretreatment reaction, molecular distillation, a technology to separate
materials in liquid-liquid state under high vacuum by making use of the difference of free path of
molecular motion of different substances, was a good method to separate the deodorant distillates. The
separation temperature was lower than the boiling point of the material, so it was especially suitable
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for the separation of high boiling point and heat sensitive material.[14] Suresh[15] used the
immobilized non-specific lipase SP-382 to catalyze the free fatty acids in the deodorization distillate.
The esterification rate was as high as 96.5%. Then remove methyl ester by vacuum distillation,
recovery of sterol and vitamin E step by step, the final extraction rate of sterol and vitamin E were
more than 90%.

2.3 Supercritical CO2 Extraction

Supercritical CO2 extraction means that the raw material forms a high-pressure fluid mixture with
supercritical CO2 by controlling temperature and pressure, then different components were separated
according to the difference of molecular weight, polarity and boiling point [16]. Janet[17] extracted
sterol from corn oil, rapeseed oil, cottonseed oil, soybean oil and rice bran oil respectively by
supercritical CO2 extraction, with good results that the content of sterol in corn oil was 6.8 mg/g, and
that in supercritical fluid extraction was concentrated to 153.5 mg/g. Hrabovski[18] extracted the
crude oil from pumpkin seeds by n-hexane, petroleum ether and supercritical CO2 extraction then
analyzed their sterol content. The crude oil yield of n-hexane and petroleum ether extraction was
43.37% and 44.65%, respectively, which were higher than that of supercritical CO2 extraction
(36.17%). However, the content of sterol in wool oil by supercritical extraction was 294 mg/g, which
was 30% and 20% higher than that extracted by n-hexane and petroleum ether, respectively. This also
showed that the supercritical CO2 extraction method was more selective than the traditional solvent
extraction method, and the target product could be selectively extracted by changing the operating
conditions.

2.4 Saponification

Saponification was used to convert fatty acid esters and free fatty acids into fatty acid salts, reducing
their solubility in organic solvents, then sterols were extracted by organic solvent through
saponification reaction between alkali solution and deodorization distillate [19]. Yan [20] used
saponification to extract sterol from soybean oil deodorization distillate and optimized the extraction
process. Under the optimized conditions, the yield of sterol was 66.4 mg/g. In recent years, the dry
saponification method was also used to make sterols. After the deodorization distillate was saponified
at 60~90°C with lime, the solid paste was obtained. Then ethanol was used to leach the paste at low
temperature and concentrate. The sterols were obtained. The advantages of dry saponification were
simple, safe, non-toxic and solvent saving.

2.5 Microbiological Fermentation

Microbiological fermentation was a new method to make sterol from deodorization distillate. The
principle was that the growth process of candida tropicalis could consume fatty acids and glycerides,
and hydrolyze sterol ester to release sterol, which could crystallize phytosterol by lowering
fermentation temperature. Using this method, Zhao [21] successfully extracted phytosterols from
soybean oil deodorization distillates and explored the fermentation process conditions. After microbial
fermentation, the sterol content of the deodorized distillate with a content of 15.2% was increased to
28.43%. The sterol concentration was nearly increased by two times. Microbial fermentation provided
a new development direction for the industrial production of sterols in the future.

3. THE MACHANISM OF LOWERING BLOOD LIPID OF PHYTOSTEROL

3.1 Reducing cholesterol absorption

Reducing cholesterol absorption was one of the main mechanisms of phytosterol lowering cholesterol
in the body. Since plant sterols and cholesterol were both water-insoluble substances, they needed to
be emulsified to form micelles in the presence of bile acids to be absorbed by small intestinal cells.
Phytosterols were highly similar to cholesterol in molecular structure, thus sterols could enter micelles
competitively with cholesterol, thereby reducing the absorption of cholesterol by small intestinal cells
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[22]. With the in-depth research on the molecular mechanism of cholesterol absorption, the research
on the mechanism of plant sterol lowering cholesterol absorption was much more than before.

Cholesterol absorption was a process involving a variety of transporters. The transporter protein
(NPCIL1) acted as a crucial role in the absorption of cholesterol in the intestine. NPC1L1 transfers
cholesterol molecules transported to the mucosal surface of the small intestine to the cells [23]. For
example, after using sitosterol to culture small intestinal epithelial cells for 24h, the mRNA expression
of NPCI1LI1 protein in the cells decreased by nearly 50%, and the expression of NPC1L1 protein also
decreased significantly [24]. In addition, the expression of NPC1L1 in liver cells was also significantly
decreased after treatment with stigmasterol or sitosterol, suggesting that phytosterol may also reduce
the absorption of cholesterol in liver cells [25]. Some studies had shown that ANXA2 / CAV1
compounds also had certain effect in phytosterols reduce cholesterol metabolism activity, ANXA2 and
CAV1 and cholesterol ester could form the lipid - protein complexes, making cholesterol ester to be
transferred to the cell from the gut, and phytosterol could reduce ANXA?2 protein expression, thus
reducing intestinal cells on cholesterol absorption. When the mice were fed a high-fat diet containing
2% phytosterol mixture (20% campesterol, 22% stigmasterol, and 41% B-sitosterol), their cholesterol
levels were 30% lower than those of the high-fat diet group [26].

3.2 Inhibiting the synthesis of cholesterol
Inhibition of endogenous cholesterol synthesis and secretion was another important mechanism of
phytosterol lowering cholesterol in the body. Sterol-regulatory element binding proteins (SREBP) was
a cholesterol regulatory element binding protein, which was an intracellular cholesterol sensor located
in the endoplasmic reticulum and capable of feedback regulation of intracellular cholesterol. The
synthesis of cholesterol was mainly regulated by SREBP. When the intracellular cholesterol was lower
than the normal level, SREBP was activated and enters the nucleus, thereby activating the expression
of various genes related to the synthesis of cholesterol [27]. The vitro experiments showed that
stigmasterol could inhibit the activity of SREBP, thereby reducing the synthesis of endogenous
cholesterol [28]. After 28 days of feeding golden hamsters with plant sterol mixture, the SREBP level
in the nucleus and the plasma cholesterol content were significantly reduced in the rat liver, indicating
that phytosterol may reduce the synthesis of cholesterol by inhibiting the expression of SREBP [29].
The synthesis, decomposition and transformation of endogenous cholesterol were all completed in
the liver. The cholesterol-lowering effect of phytosterols was also related to cholesterol metabolism
enzymes. 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA) reductase was rate-limiting enzyme
for cholesterol synthesis, along with other related enzymes such as acetyl CoA carboxylase and malic
enzyme. Phytosterol can affect the activity of these rate-limiting enzymes like HMG-CoA reductase.
There had been many reports on the effect of phytosterol on the activity of HMG-CoA reductase.
Studies had shown that phytosterol can inhibit the activity of HMG-CoA reductase. After feeding rats
with stigmasterol (0.5%) for 6 weeks, the activity of HMG-CoA reductase in liver was significantly
reduced by 44% and 77%, respectively [30]. The decrease in the activity of HMG-CoA reductase in
liver was also observed in rats fed with ergosterol on a high-fat diet [31]. Phytosterols had different
effects on expression of HMG-CoA reductase in different tissues. Gavage 50 mg phytosterol ester
mixture and 0.25 mg cholesterol in mice at the same time, then detected the expression of genes
related to cholesterol synthesis in the intestine and liver at different moment after gavage. The results
showed that mRNA expression of small SREBP and its target gene HMG-CoA reductase in mice was
significantly up-regulated within 4h after gavage, while mRNA expression of SREBP2 and HMG-
CoA reductase in the liver was significantly decreased after gavage for only 15 min [32]. In addition,
studies had found that of phytosterols containing C22 double bond, such as stigmasterol, campesterol,
ergosterol, can compete with cholesterol precursor chain for activity of sterol C24 sterol reductase
(sterol A 24 reductase), reducing the conversion of chain sterols to cholesterol, then inhibit cholesterol
biosynthesis[33].
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4. CONCLUSION

In this paper, the preparation technology of phytosterol was summarized to provide reference for
industrial production of phytosterol and optimization of its process conditions. Then, the mechanism
of lowering blood lipid of phytosterol was analyzed to provide reference for the development of
functional food and drugs with phytosterol as the active ingredient. In order to study and exploit
sterols more comprehensively, the future research direction may start from the following two aspects.
First, people had more and more demand for food riches in sterols, which were abundant in the by-
products of fat processing. In the process of oil refining, how to ensure the quality of oil and keep the
sterol in the oil as much as possible, or how to recover more sterol from the by-products of oil
processing are two problems that need to be solved. In addition, the mechanism of lowering blood
lipid of phytosterols was relatively complex, which may be the co-existence and synergistic effect of
multiple pathways, and the specific mechanism may need to be further studied. In the future, more
high-tech methods may be developed to elucidate the mechanism of phytosterol lowering blood lipid.
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