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Abstract

Phytosterols are plant components that have a chemical structure similar to cholesterol except for the addition of an extra
methyl or ethyl group. In plants, more than 200 different types of phytosterols have been recorded such as β-sitosterol,
campesterol, and stigmasterol. It is well reported that high consumption of plant sterols or stanols can lower serum total
and low-density lipoprotein (LDL)-cholesterol concentrations in humans. In addition to their cholesterol lower effect,
phytosterols have a promising effect in cancer prevention. The most important natural sources of phytosterol in human
foods are oils and margarines. However cereal products are also recognized as an important natural source. It is known
that wheat is a rich source of diverse sterols, either in their free, conjugated, or oxidized forms. Accumulated evidence
showed that the health-promoting effects of wheat has been assigned to it unique phytochemical contents and profiles.
Due to the rapid rate of discovery of wheat phytosterols, an updated summary is necessary to cover the current status. The
major objective of this review is to summarize the important literature regarding phytosterols that were identified and
characterized from wheat grains. Their genetic and environmental variations and their health effect were also investigated.
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Introduction
Sterols or steroid alcohols are a subgroup of the steroids.
They present an important class of organic molecules. They
found naturally in fungi (mycosterols), animals (zoosterols)
and plants (phytosterols). Sterols can be also synthesized
by some bacteria [1]. During recent years, there has
been an increasing interest to sterols since they play an
important role in human health. Plant sterols, also known
as phytosterols, are found mainly in plant cell walls and
membranes. Fruits, vegetables such as wheat germs, seeds,
nuts, chocolate, margarines, avocados and vegetable oils
are rich in sterols [2]. As shown in Figure 1 their structure is
similar to cholesterol but they differ by the existence of an
extra methyl or ethyl group or a double bound [3].
In plants, more than 200 different types of phytosterols
have been recorded. Common phytosterols include
sitosterol, campesterol, and stigmasterol [4]. Phytosterol
compounds are particularly known for their ability to lower
the serum total and low-density lipoprotein (LDL) cholesterol

Figure 1: Chimical structure of β-sitosterol.

values by reducing the absorption of dietary and biliary
cholesterol in the small intestine. Phytosterols compete with
cholesterol for micelle formation in the intestinal lumen
and inhibit cholesterol absorption. Also, phytosterols may
prevent cancer and inhibit inflammation [5]. To produce
functional foods, phytosterols are added to foods, such
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as spreads or yoghurt. However, the beneficial effects can
also be achieved with moderately low doses obtained from
natural sources as part of the normal daily diet. Therefore,
cereal products may provide as a good natural alternative
to enriched foods as source of phytosterol compounds.
Cereals are an important natural source of plant bioactive
and phytochimical substances, which they have a health
promoting effects [6]. Wheat is one of the major cereal
grains consumed worldwide. A wheat kernel is composed
of three principal parts: the outer layer bran (14-16%),
the central endosperm (81-84%) and the germ (2-3%) [7].
The layers of bran comprise aleuronic layers, hyaline, testa
and pericarp [8]. Whole grains compose micronutrients,
dietary fibers and phytochemicals, which are considered to
be responsible for their health benefit effects [9]. It is well
known that wheat is a rich source of free, conjugated or
oxidized forms of phytosterol [10].
Like many other phytochemicals, phytosterols are
suggested to be concentrated in the bran and germ of the
wheat grain, whereas steryl ferulates, a conjugated form of
sterols, is accumulated only in the bran layers [11]. It has
been reported that sterols, sterol glycosides, sterol esters,
sterol ferulates, steroid hydrocarbons, and steroid ketones
are present in the wheat bran [12]. The further distribution
of sterol compounds in the various layers of the bran is not
known. Furthermore, bran is regarded as a by- product in
the common wheat milling process, and the refining of the
wheat thus results in losses of the bioactive compounds.
The utilization of phytosterol-rich bran fractions in foods
would increase the intake of these compounds from natural
sources. In the present review, the chemical structures
of phytosterols, their variation in wheat, and their health
effect will be examined.
Chemical Structure of Phytosterols
Phytosterols are steroid alcohols belonging to the
triterpene family. They resemble cholesterol, the animal
predominant sterol, both in their structure and function.
These phytochemicals are synthesised from mevalonate
via a complex enzymatic pathway. Mevalonate is first
converted to squalene and then further to cycloartenol and
other sterol compounds [13,14]. They are composed of a
tetracyclic cyclopenta[a]phenantrene ring and a side chain
attached to C-17 (Figure 1). Sterols may have a double bond
between C-5 and C-6 (Δ-5 phytosterols) or between C-7
and C-8 (Δ-7 phytosterols). Based on the number of methyl
groups in C-4, sterols are classified as desmethyl (none),
4-monomethyl (one methyl group) or 4,4‟-dimethyl sterols
(two methyl groups). Furthermore, the structure of the side
chain may differ; C-24 may be attached by a methyl, ethyl

or ethylidene group, and there may be a double bond, e.g.,
between C-22 and C-23 [3]. Phytosterols exist in plants as
free alcohols and as distinct conjugates. In steryl glycosides
and acylated steryl glycosides, the hydroxyl group in C-3 is
related with a glycosidic bond to a monosaccharide or to
an esterified monosaccharide, respectively. Fatty acid ester
conjugates have a fatty acid bound with the hydroxyl group.
Additionally, phytosterols may be present as hydroxycinnamic
acid esters esterified with ferulic or p-coumaric acid. The
structural component of plant cell membranes is formed by
free sterols, steryl glycosides and acylated steryl glycosides.
These components are concentrated in certain parts of
plasma and organelle membranes [15]. They may regulate
the fluidity and permeability of the intracellular phospholipid
bilayers and in some membranes. The glycosidic conjugates
of sterols are synthesised in the cytosolic side of the plasma
membrane, the glycosylation of membrane-bound free
sterols resulting in alterations in the biophysical properties
of the membrane [16]. The storage and transport forms
of phytosterols are steryl fatty acid esters and they are
possibly localised with triacylglycerols in the intracellular
lipid droplets and spherosomes [17]. Phytosterols also
have other potential functions in plant cells, e.g., serving as
precursors or substrates for other steroid compounds, such
as brassinosteroids and steroidal saponins [15].
Phytosterols in Wheat
The major dietary sources of phytosterols are vegetable
oils, margarines, vegetable-fat spreads, bread and other
cereal products, fruits and vegetables. Other sources of
phytosterols include nuts, seeds and almonds. The cereals
are only moderate in their sterol content when compared
to vegetable oils, but they provide a significant amount
of sterols to the diet due to the high amount typically
consumed. The phytosterols are mainly located in the wheat
kernel [9]. The total phytosterols in winter wheat grain range
from 0.62-0.96 mg/g dry weight basis [7]. A majority of the
sterols found in wheat are desmethyl sterols; 4-Monomethyl
and 4’4- dimethyl sterols serve as precursors of desmethyl
sterols and are found in low amounts. The main phytosterol
species in wheat is sitosterol, followed by campesterol, the
corresponding saturated stanol forms and stigmasterol
(Figure 2). Other species include brassicasterol, Δ-5avenasterol, cycloartenol, Δ-7-stigmastenol, Δ-7-avenasterol
and 24- methylenecycloartanol [18]. Several other minor
sterol species have been identified in wheat, namely
stigmastadienol, gramisterol, α-amyrin and citrostadienol
[11]. In wheat, phytosterols exist as free sterols, fatty acid
or hydroxycinnamic acid esterified conjugates, glycosides
or acylated glycosides [11]. Phytosterols are mainly located
in the wheat kernel [19]. The phytosterol contents of the
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fractions is characterized by a high content of sitosterol,
whereas in bran fractions, the relative content of sitosterol
is lower. The relative content of campesterol (12–27%) is
higher in the germ than in other wheat fractions. Germ
is poor in stanols, since only 2–7% of the total content is
covered by sitostanol and campestanol. Stanols comprise
up to 37% of total sterols in bran and up to 16% in flour
fractions. The relative content of stigmasterol varies from
0–4% depending on the wheat fraction [21].
Phytosterols Variation in Wheat
Natural variation creates a basis for enrichment of
phytochemicals in foods. During the development of grain,
wheat is exposed to a number of internal and external
factors, which may alter its properties and characteristics.
Genotype and environment conditions may have an impact
on the composition of phytochemical compounds of cereal
products.

Figure 2: Structure of cholesterol (A), β-sitosterol and stigmasterol
(C).

wheat dry fraction products in previous studies have varied
considerably, from 300 to 4900 μg/g [18]. Wheat germ and
bran are especially rich in phytosterols, containing 2400–
4900 and 1200–2000 μg/g phytosterols, respectively. The
aleurone fraction separated from bran also contains high
levels of sterols. The poorest sources were refined wheat
flours with low ash content, which contain approximately
half of the amount of phytosterols compared to wholegrain
wheat [18]. Total phytosterol content of flours increases with
increasing ash content. The bran-rich fractions with varying
ash and fiber contents obtained in various stages of the
conventional milling process also had significant differences
in phytosterol contents [20]. In wheat germ oil, very high
sterol contents have been reported. The sterol composition
varied in wheat fractions [21]. Sitosterol was the most
abundant sterol species in all wheat types, comprising
approximately 60% of the total content of phytosterols in
whole wheat [6]. The sterol profile of wheat germ and flour

Genetic Variation
Phytosterols composition varied depending on
genotype. Chen and his colleagues [22] observed a
significant cultivar effect in the contents of sitosterol,
stigmasterol and campesterol within locations when the
three bread wheat cultivars were grown at three locations
in the state of Oklahoma (USA) in 2005. Significant genetic
variation was also suggested in the contents of individual
sterol compounds in bread wheat lines cultivated in France
in 2006 [23]. In addition, the results of one study indicated
significant differences in the phytosterol compositions
of bread wheat, durum wheat, spelt and emmer wheat
depending on genotype and species [23].
Environmental Variation
Wheat genotypes cultivated at different environments
are exposed to different growing conditions (location,
year, and soil properties), climatic conditions (amount of
precipitation and temperature) and agronomic practices
(irrigation and fertilization). The growing environment thus
provides numerous variables, which may possibly affect the
phytochemical content and other characteristics of wheat.
Both growing location and genetic background affected the
phytosterol content and composition of wheat cultivars [22].
The total phytosterol contents of wheat cultivars varied at
most from 196 to 355 μg/g FW among locations. It has been
concluded that agronomic practices, climate and genotype
significantly affected the wheat grain components [22]. The
cultivation of the same cultivar in both dry and irrigated
lands showed that irrigation seemed to result in lower of
phytosterols, since its total phytosterol contents decreased
from 315μg/g (dryland) to 202μg/g (irrigated).
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The significance of growing year in levels of phytosterols
in wheat is not known. Alignan and his colleagues [23]
compared two sowing dates during one growing season:
conventional sowing in November 2005 and delayed sowing
in January 2006 at one location in France. The sowing date did
not affect the total phytosterol content of wheat cultivars.
However, the contents of campesterol and sitostanol were
affected, suggesting that the phytosterol composition may
vary depending on the sowing date. The authors stated
that this variation probably occurred due to differences in
weather conditions (temperature and rainfall) during grain
filling. The genotype effect was, however, found to be the
main factor to cause variation in the phytosterol contents.
Health Effect of Wheat Phytosterols
Considered as cholesterol-like molecules, phytosterols
are detected in all plants foods especially in vegetables oils
including corn oil, sunflower oil, safflower oil, soybean oil,
palm oil, and olive oil, with different contents (952, 725,
444, 221, 49, and 176 mg/100 g edible portion, respectively
[24]. Additionally, they are present in almonds, beans corn,
wheat, lettuce, banana, apple, and tomato (with 143, 76, 70,
69, 38, 16, 12, and 7 mg/100 g edible portion, respectively)
[24]. The most consumed plant sterols are sitosterol (66%),
campesterol (22%), stigmasterol (8%), and sitostanol and
campestanol (4%) [25]. In spite of their absorption which
occurs in small amounts, phytosterols inhibit the cholesterol
absorption in the intestine by re-rotating the endogenous
biliary cholesterol which is considered as the key stage
in cholesterol elimination [26]. Phytosterols can prevent
from different illness such as cancer, diabetes, obesity and
cardiovascular diseases.
Cholesterol Lowering Effect
Over 60 years, phytosterols were defined as a lowering
substance of serum cholesterols in human [27]. Phytosterols
are presenting as esters (fatty acid and hydroxycinnamic) and
glycosides [28]. In the gastro-intestinal tract, all esters links
are divided by especial enzymes to finally deliver the free
sterol forms [29]. These free sterols are then, consequently
assimilated into mixed micelles by interfering with
cholesterol incorporation. Such as cholesterol, phytosterols
are absorbed from the mixed micelles by enterocytes via
receptors (NPC1L1 which is placed in the intestinal apical
membrane). These receptors diminish the absorption of
both cholesterol and phytosterols [30].
Anti-Cancer Effect
It has been demonstrated that diets rich in phytosterols
can reduce the risk of cancer with 20% [31]. Phytosterols
can prevent from breast, prostate, and colon cancers [32].
Many observational and epidemiologic studies confirm that

people who consume a diet rich in phytosterols have lower
frequency of tumors [33-35]. Thus, phytosterols act on host
systems ability allowing antitumor responses such as their
influence on the dependent hormonal growth of endocrine
tumors, and improvement of immune detection of cancer
[36]. Additionally, they inhibit the growth of tumors by
diminishing
1. The progression of tumor cell cycle,
2. The initiation of apoptosis and
3. The metastasis of cancers [37,38].
Possible Anti-Obesity Effect
Recently, obesity is known as a global health concern
[39]. It can conduct to the evolution of chronic illnesses
including diabetes, cancers and cardiovascular diseases [40].
Nowadays, in order to reduce the obesity, the investigation
of anti-obesity products acquires much attention [41]. It is
well known that a diete based on vegetables and fruits are
related to a smaller obesity risk [42]. This advantageous
effect may be related to the presence of phytosterols.
Their anti-obesity effect was evaluated in animals. In fact,
when the phytosterols were added to the diet the hepatic
and plasma triglycerides concentrations were significantly
decreased [43]. Clinical experiments suggest that the
decrease in body weights could be assigned to the reduction
in the absorption of fatty acids succeeding phytosterols
consumption [43]. Also, it has been demonstrated that
phytosterols can
1. Reduce levels of triglycerides and cholesterol in the
fecal lipid excretion [44],
2. Improve insulin sensitivity [45],
3. Augment the adiponectin concentrations [46],
4. Activate the protein kinase [47], and
5. Inhibit the phospholipase [47].
Anti-Cardiovascular Effect
The cardiovascular diseases are the major cause of
death for the type 2 diabetic patients. Type 2 diabetic
individuals presented dyslipidemia distinguished by
lipoprotein and lipid aberrations [48]. One of the proposed
strategies to control blood lipids is the consumption of
plant sterols which can decrease both LDL and triglycerides
concentrations [49]. Thus, phytosterols can prevent the
cardiovascular diseases.
Conclusion
Plant sterols or phytosterols are present in fruits and
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vegetables. They are absorbed in tiny and significant amounts
from our diet. Many studies have been demonstrated that
the consumption of phytosterols is associated to many
health benefits including prevention to
1. Different types of cancers,
2. Obesity,
3. Cardiovascular diseases, and the most important
effect is the lowering of cholesterol and triglycerides in
blood.
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