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Abstract—Nuts are part of a healthy diet such as Mediterranean
diet. Benefits of nuts in reducing the risk of heart disease has been
reasonably attributed to their composition of vitamins, minerals,
unsaturated fatty acids, fiber and phytochemicals such as
polyphenols, tocopherols, squalene and phytosterols. More than 75%
of total fatty acids of nuts are unsaturated. α- tocopherol is the main
tocopherol isomer present in most of the nuts. While walnuts, Brazil
nut, cashew nut, peanut, pecan and pistachio nuts are rich in γtocopherol. β- sitosterol is dominant sterol in nuts. Pistachio and pine
nut have the highest total phytosterol and Brazil nut and English
walnut the lowest. Walnuts also contain large amount of phenolic
compounds compared with other nuts. Nuts are rich in compounds
with antioxidant properties and their consumption can offer
preventing from incidence of many diseases including cardiovascular.
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I.

INTRODUCTION

are part of healthy diets such as the Mediterranean
diet. In the traditional Mediterranean population,
mortality rates from coronary heart disease (CHD) and cancers
are low. Results of several epidemiological studies and
traditions suggest that there may be a connection between
frequent nut consumption and a reduced incidence of CHD
[1]. On the other hand, Traditionally, nuts have been perceived
by the general public as fattening because of their high fat
content, but it has been suggested an inverse or no relationship
between nut consumption and BMI (indirect measure of body
fatness) in the U.S. population [2].These positive health
effects of tree nuts and peanuts have been reasonably
attributed to their composition of vitamins and minerals,
mono- and polyunsaturated fatty acids, and/or fiber. Also,
Carotenoids, phenols (particularly flavonoids), and
phytosterols have been identified in nuts [3].Polyphenols and
phytosterols possess a variety of bioactions that have been
implicated in slowing the pathogenesis of chronic disease,
UTS
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including antioxidant and anti-inflammatory activity as well as
the capacity to promote detoxification, reduce cell
proliferation, and/or lower serum low-density lipoprotein
(LDL) cholesterol [3]. Phytosterols due to their structural
similarity with cholesterol, inhibit its intestinal absorption,
thereby lowering total plasma cholesterol and LDL levels.
Dietary phytosterols may offer protection from cancers such
as colon, breast, and prostate cancers [4]. In addition, as
greater than 75% of the fat present in nuts is unsaturated fat.
Monounsaturated fatty acids (MUFA) are the predominant
fatty acids in nuts. Diets high in MUFA have a favorable
effect on the ratio of total cholesterol: high-density lipoprotein
(HDL) cholesterol, which is a more accurate indicator of risk
for CHD than total cholesterol level alone [5].
Nuts also contain significant amounts of squalene and
tocopherols. Squalene has important beneficial effects on
health and tocopherols are powerful antioxidants, which in
high doses may reduce the risk of CHD [6]. One of the most
developed theories for its cardioprotective effect appears to be
concerning tocopherol induced inhibition of LDL oxidation,
which is proposed to be a key role in the atherogenic process.
Low quantities of tocopherol which can be obtained from
average nut consumption is beneficial on CHD [1]. In this
study, neutaceutical composition of some kinds of nuts
including phytosterols, vitamin E, phenols and squalene
content have been reviewed.
II.

NEUTACEUTICAL COMPOSITION OF SOME KINDS OF
NUTS

A.
Phytosterols
Sterols are natural components present in many plants and
animal species. They are also essential for human and animal
health. The sterol fraction is specific from each oil and can be
used to characterize an oil [7]. Basic structure of sterols has
been shown in Fig. 1.

Fig. 1 Basic structure of a sterol with standard carbon numbering
according to the IUPAC system

Phytosterols (plant sterols) are similar to cholesterol in
structure,
having
the
same
basic
cyclopentanoperhydrophenanthrene ring
structure but
differing in the side chain at C24 and/ or the position and
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walnuts grown in Portugal showed that total phytosterols were
present in amounts from 0.1 to 0.2% of total oil and βSitosterol, Δ5-avenasterol, and campesterol were the major
sterols found respectively. Besides these compounds,
cholesterol and clerosterol were also found in all walnut
samples, and three others (stigmasterol, Δ7-sigmasterol, and
Δ7-avenasterol) were detected at least in some cultivars but not
in significant amounts [4]. It has been shown that values found
for total phytosterols in different cultivars of walnut were in
the same range of those found in olive, peanut, and hazelnut
oils but lower than those found in the majority of other
vegetable oils [12, 13].
[14] reported main sterols detected in macadamia including:
sitosterol (901-1354 µg/g oil), Δ5 –avenasterol (82-207 µg/g
oil), campesterol (61-112 µg/g oil) and stigmasterol (8-19
µg/g oil). Azadmard-Damirchi et al. [15] Evaluated the sterol
fraction of hazelnut oil and showed that 4-desmethylsterols
had the highest portion (ranging from 86 to 91%), and 4monomethyl and 4, 4'- dimethylsterols had lower amounts (4–
8 and 3–8%, respectively) of total sterols; moreover, 4desmethylsterol contents of hazelnut oils were qualitatively
and quantitatively rather similar to those of virgin olive oils,
but 4-monomethyl and 4, 4'-dimethyl- sterols were about 3
and 8 times lower, respectively, in hazelnut oils than in olive
oils. It has been shown that like most of the nuts, β-sitosterol
is main sterol (about 80%) in hazelnut followed by Δ5 –
avenasterol and campesterol in fewer amounts [16]. Arena et
al. [17] investigated phytosterol composition of oil extracted
from the pistachio seeds coming from different countries
(Italy, Turkey, Iran and Greece). They reported that βsitosterol was the predominant component in all samples,
varying from about 85% in the Italian samples to 88% in
Iranian samples; Δ5 –avenasterol was present in about 9% of
Agrigento samples and in 5.7% of Iranian samples;
campesterol was at about 3% in all samples except the Iranian
samples (4.55%). Toschi et al. [18] reported that 76.2-82.7%
of unsaponifiable matter of cashew nut oil was β- sitosterol.
They also identified other sterols including Δ5-

configuration of unsaturated double bonds and the optical
rotation at chiral carbons. Phytosterols have been classified on
the basis of the number of methyl groups at the C4 position
including
4-desmethyl,
4-momomethyl-,
and
4,4'dimethylsterols [8].
Phytosterols can reduce blood cholesterol, risk of certain
types of cancer and enhance immune function [9]. The
mechanism of action for phytosterols is still unclear. One of
the suggested mechanisms is that phytosterols, being more
hydrophobic than cholesterol, have a higher affinity for
micelles and may compete with cholesterol for incorporation
into mixed micelles in the intestinal tract, thus resulting in
reduced cholesterol absorption and higher fecal excretion of
cholesterol. Another mechanism is that phytosterols increase
cholesterol efflux out of the intestinal enterocytes back into
the lumen. Therefore, less cholesterol is incorporated into
chylomicrons for entry into circulation. A lower level of
intestinal-derived cholesterol prompts cells to restore cellular
cholesterol homeostasis by other mechanisms. These
alternative mechanisms include increasing the expression of
total LDL receptors that in turn decreases LDL formation
along the apolipoprotein B cascade and increase in cholesterol
synthesis. The resulting effect of reduced serum LDL
cholesterol has been suggested as a reason for the role of
phytosterols in decreasing atherosclerosis through decreased
plaque formation [10].Health claims for reduced
cardiovascular risk are approved in USA and the EU for foods
containing plant sterols or stanols when consumed as part of a
low-fat, low-cholesterol diet. Accordingly, FDA allowed
health claims within the context "Diets low in saturated fat and
cholesterol that include at least 1.3 grams of plant sterol esters
or 3.4 grams of plant stanol esters, consumed in two meals
with other foods, may reduce the risk of heart disease" [11].
Table I shows the phytosterol composition of some kinds of
nuts. β-sitosterol, campesterol and stigmasterol are dominant
sterols in nuts. Pistachio and pine nut have the highest total
phytosterol and Brazil nut and English walnut the lowest
(Table I) [9]. Another study carried out on 6 varieties of

TABLE I

PHYTOSTEROL COMPOSITION OF SOME KINDS OF NUTS IN MILLIGRAMS PER 100 G OF PRODUCT [9]
Phytosterols

Nut
Almond
Brazil nut
Cashew
Hazelnut
Macadamia
Pecan
Pine nut
Pistachio
Black walnut
English walnut
Nd: Not detected

β-Sitosterol

Stigmasterol

Campesterol

Sitostanol

Δ5-Avenasterol

Campestanol

143.4
65.5
112.6
102.2
143.7
116.5
133
209.8
114.4
88.9

5
6.2
<1.2
<2.5
Nd
11.2
<1.7
2.3
<1.7
Nd

4.9
2
8.9
6.6
9.6
14.8
19.8
10.1
4.7
4.9

3.2
1.4
<1.2
4
Nd
<1
5.9
1.2
<2.5
1.7

19.7
13.6
13.7
2.6
13.3
15
40.3
26.2
29.5
7.3

3.3
2
2
3
2.9
2.1
3.8
5
2.6
2.4

avenasterol, campesterol, fucosterol, cholesterol, and
stigmasterol in cashew nut oil.With regard to Brazil nut, it has
been reported that its sterol total content was 0.19%. Brazil
nut’s oil has a similar sterol composition to olive oil. Its β -
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Total
phytosterols
199
95
150
121
187
157
236
279
177
113

sitosterol content (76%) is high and comparable to that of
olive oil (81%). The two oils contain low amounts of
stigmasterol but Brazil nut oil is richer than olive oil at 8%
versus 1.3%. β -sitosterol content in Brazil nut oil (76%) is
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also similar to almond oil (77%) [7]. β-sitosterol is also the
major sterol found in pecans and peanuts. Pecan sterol levels
ranges from 75-95 mg total sterols/100g, which β-sitosterol is
about 90% of the total. The remaining 10% consists of
campesterol, brassicasterol, and stigmasterol. Raw peanuts
have been shown that contain approximately 100 mg total
sterols/100 g and commercial peanut oil over 200 mg total
sterols/100 g. Refining of peanut oil results in a significant
decrease of total sterols from the crude oil. Peanut sterols are
63% β-sitosterol, 15% campesterol, 12% stigmasterol and
10% brassicasterol [19].
B.
Vitamin E (tocopherols and tocotrienols)
Vitamin E is the collective term for a family of chemical
substances that are structurally related to α-tocopherol.
Vitamin E occurs naturally in eight different forms: α-, β-, γand δ- tocopherol and α-, β-, γ- and δ-tocotrienol. All of these
forms consist of a chromanol ring with a long aliphatic side
chain, bound to the chromanol ring at the 2 position.
Tocotrienols differ from their corresponding tocopherols in
that the saturated phytyl side chain is replaced with an
unsaturated isoprenoid side chain. The Greek characters refer
to the number and position of the methyl groups at the 5, 7 and
8 positions [20]. Fig 2 gives a schematic presentation of the
molecular structures of tocopherols and tocotrienols [21].

Fig 2 Structures of tocopherols and tocotrienols [21]

Plants are the only species capable of making vitamin E,
therefore, humans and animals which do not synthesize their
own vitamin E, primarily acquire tocopherols from plants. γtocopherol is often the most prevalent form of vitamin E in
plant seeds and in products derived from them. Vegetable oils
such as corn, soybean, sesame, and nuts such as walnuts,
pecans, and peanuts are rich sources of γ- tocopherol. In
contrast, α-tocopherol is the predominant form of vitamin E in
most human and animal tissues, including blood plasma. In
humans, plasma α-tocopherol concentrations are generally 4–
10 times higher than those of γ-tocopherol. γ-tocopherol
appears to be a more effective trap for lipophilic electrophiles
than α–tocopherol, but its bioavailability and bioactivity, as
assessed in animal studies, are lower than those of α –
tocopherol. [22].
Nuts contain significant amounts of tocopherols; although
levels vary greatly among nut species. Hazelnut oil is an
excellent source of vitamin E (41.92 mg/100g). Consuming
approximately 24 g of hazelnut oil per day supplies 100% of
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the Recommended Dietary Allowance of vitamin E for adults
[23]. Kornstainer et al. [1] evaluated the tocopherol content in
some nuts. They showed that α-tocopherol was the most
dominant tocopherol in almonds, hazelnuts and pine nut and γ, β-tocopherol dominated in Brazil nut, cashew nut, peanut,
pecan, pistachio and walnut (Table II).
TABLE II
TOCOPHEROL CONTENT OF TEN EDIBLE NUTS IN MILLIGRAMS PER 100 G OF
PRODUCT [1]
α-tocopherol
γ,β-tocopherol
δ-tocopherol
Almond
24.2
3.1
Nd
Brazil nut
1
13.2
Nd
Cashew nut
Nd
5.1
0.3
Hazelnut
31.4
6.9
0.1
Macadamia
Nd
Nd
Nd
Peanut
6.1
8.1
1.8
pecan
Nd
14.8
0.2
Pine nut
4.1
8.1
0.3
Pistachio
Nd
29.3
0.5
Walnut
Nd
21.9
3.8

Also Maguire et al. [5] showed that α-tocopherol was the
most prevalent tocopherol in almonds, peanuts, hazelnuts and
the macadamia nut except in walnuts. In another study Ryan et
al. [6] reported the γ-tocopherol as the main tocopherol
present in Brazil nut, pecan, pistachio and cashew. Savage et
al. [24] evaluated oil composition of different cultivars of
walnut and showed that the tocopherol content of walnut oil
varied among different cultivars and extraction methods and
ranged between 268 µg/g and 436 mg/kg. γ-tocopherol
dominated the profile while α-tocopherol was only 6% of total
content.
Almond oil is also a rich source of α-tocopherol (around
390 mg/kg) and contains trace amounts of other tocopherol
isomers as well as phyloquinone [25]. Sattar et al. [26]
showed that under oxidative conditions almond oil showed
greater oxidative stability than pine nut and walnut oil that
may be due to a higher content of tocopherols in almond oil.
Kaijser et al. [14] identified α-tocopherol (0.8±1.1 µg/g lipids)
and δ-tocopherol (3.5±4.8 µg/g lipids) in the extracted oil
from four cultivars of New Zealand grown macadamia nuts.
Also a study by Toschi et al [18] on the oil composition of
cashew nut showed that it contains 45.3-83.5 mg/100g γtocopherol. Also, α-tocopherol (2.8-8.2 mg/100g) and δtocopherol (2.0-5.9 mg/100g) were present in it.
C.
Phenols
Plant phenols, including simple phenolic acids, flavonoids,
stilbenes, and a variety of other polyphenolic compounds,
possess hydroxyl groups conjugated to aromatic hydrocarbon
group(s). The reduction in the risk of several chronic diseases
associated with the consumption of plant phenols has been
attributed to their array of bio-mechanisms, including
antioxidation, anti-inflammation, carcinogen detoxification,
and cholesterol reduction [3]. Nuts serve as a good source of
total phenolics with a high antioxidative potential, especially
walnuts, pistachios, pecans, almonds with hulls, hazelnuts and
peanuts. Peanuts are an excellent source of antioxidant
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polyphenolics, such as p-coumaric acid. Walnut polyphenols
also are effective inhibitors of in vitro plasma and LDL
oxidation [1].
Walnut contains high amounts of phenolic components
(1625 GAE1/100g) and antioxidant potential (135 μmol
TAC/g) [1]. Phenolic acids and condensed tannins are the
main phnolic components in walnut that because of special
antioxidant properties and prevention of LDL oxidations, have
good effects on health [27]. Walnut husk also contains
nonflavanoid phenolic components. There is at least 10
polyphenol in extract of walnut husk including : ellagic acid
monomers, gallic acid and methyl gallat which when there are
in form of polymers and bound to carbohydrates known as
unhydroisable tannins that present main part of polyphenols
[28].Resveratrol which belongs to stilbene group of phenolic
compounds, like many other polyphenols acts in the plants as
a phytoalexin. In addition to sharing antioxidant and other
bioactivities common to polyphenols, resveratrol appears
capable of extending the life span of yeast and mice [3].
Resveratol has been associated with reduced cardiovascular
disease and reduced cancer risk. It has many attributes that
may provide protection from atherosclerosis, antiproliferative,
and proapoptotic properties against breast, colon, prostatic,
and leukemia cells. There is also evidence that resveratol
inhibits LDL oxidative susceptibility in vitro and platelet
aggregation [29]. It has been found in peanuts and pistachios
at 84 and 115 μg/100 g, but it has not been found in other nuts
[3].Senter et al [30] carried out an analysis on the phenolic
acids content in almond, hazelnut, chestnut, pine nut and
walnut. Results showed that gallic acid was the predominant
phenolic compound in these nuts except pine nut (caffeic
acid), almond and hazelnut (protocatechuric acid). Flavonoids
are other phenolic compounds which are comprised of six
principle classes, anthocyanin, flavanone, flavone, flavanol,
flavonol, and isoflavone [3]. They are nontoxic substances that
manifest a diverse range of beneficial biological activities
which their action in health is controlled by their chemical
structure. Dietary flavonoids have been implicated with
prevention of age related diseases including cardiovascular
disease and cancer [29]. Total flavonoid contents including
soluble and bound forms of ten nuts commonly consumed in
the United States were determined by Yang et al. [31]. They
reported that walnuts had the highest flavonoid content
(745±93 mg/100g), followed by pecans, peanuts, pistachios,
cashews, almonds, brazil nuts, pine nuts, macadamia nuts and
hazelnuts [31]. Also Prior and Gu [32] investigated the
proanthocyanidin content of some nuts that it was highest in
hazelnut (501 mg/100g wet weight) followed by pecan,
pistachio, almond, walnut, peanut and cashew nut.
D.
Squalene
Squalene is a 30-carbon, straight-chain hydrocarbon that
acts as a biosynthetic precursor to all steroids in plants and
animals. Squalene has important beneficial effects on health,
such as decreasing the risk for various cancers and reducing
1

serum cholesterol levels. The protective effect of squalene
may be attributed to its possible antioxidant functions [33].
Chemical structure of squalene is shown in Fig 3.

Fig. 3 Chemical structure of squalene [34]

Squalene can effectively inhibit chemically induced skin,
colon, and lung tumorigenesis in rodents. The mechanisms
involved in the chemopreventive activity of squalene may
include inhibition of Ras farnesylation, modulation of
carcinogen activation, and antioxidative activities. In addition,
in vitro experiments indicate that squalene is a highly effective
oxygen-scavenging agent. Subsequent to oxidative stress such
as sunlight exposure, squalene functions as an efficient
quencher of singlet oxygen and prevents the corresponding
lipid peroxidation at the human skin surface [34].
Maguire et al. [5] reported level of squalene in some of nuts
ranging from 9.4 µg/g oil in walnuts to 95 µg/g in almond,
98.3 µg/g in peanut, 185 µg/g in macadamia and186.4 µg/g oil
in hazelnuts. In addition, Ryan et al. [6] reported the squalene
content of brazil nut (1377.8 mg/g), pecan nut (151.7 mg/g),
pine nut (39.5 mg/g), pistachio (91.4 mg/g) and cashew nut
(89.4 mg/g) and as it’s seen squalene level is notably high
(1377.8 mg/g) in the brazil nut.
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