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Abstract

Almonds are high energy nuts and rich in unsaturated fatty acids. In
addition the complex matrices of almond contain many bioactive
compounds such as a-tocopherols, and phenolic compounds, which are
high in a variety of helpful antioxidants or phytochemicals that shield
against the damaging effects of free radicals. The phenolic compounds
were identified not only in almond and its skin, but also in shell and
hull. The essential fatty acid profile, phytochemical compounds and
dietary fiber probably lead to almond identification as a functional food.
Because of their unique composition, almond consumption could be
useful to decrease cholesterol and protect humans from coronary artery
diseases, lipid oxidation, diabetes and colon cancer. And also almonds
are likely to benefit newer cardiovascular risk biomarkers, such as LDL
oxidizability, inflammatory molecules, and endothelial dysfunction.
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Introduction

The almond nut (Amygdalus communis L.) is a species of Prunus belonging to the family of Rosaceae.
The largest genus by far is Prunus, which include plums, cherries, peaches, apricots and almonds (Ren
et al., 2009). This tree comes from plateaus and mountains of western Asia, particularly in Iran. Since
1977, USA, has become the largest producer of almond in the world and the recent annual production
has exceeded 730000 MT, accounting 80% of global production. Almonds have been used as part of a
human diet throughout history especially in Mediterranean ecology (FAO, 2011). Almonds nuts have
gained more attention since last decades due to high nutrient density and health benefits associated
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with their consumption (Ros., 2010). Almond-based ingredients add flavor and texture to a broad
spectrum of products. Almond nuts with or without the brown skin are popular which are often used as
a snack food (raw and processed forms) and also they are consumed as a part of a meal either as whole
(fresh or roasted), in spreads (almond paste) or hidden (e.g., commercial products, sauces, baked
goods, and oils (Fukuda et al., 2005). Sweet almonds are used as the basis of sweets such as marzipan,
nougat, baklava and macaroons. They are especially useful in baking and can be substituted for flour
to create a dense, moist texture in cakes and biscuits. Almonds nuts are valued for their protein,
essential fatty acids, dietary fibers and several important micronutrients like potassium, magnesium,
calcium, tocopherols and arginine(Ros., 2009). Moreover, almonds belonging to the group of tree nuts
which also contain wide range of phytonutrients such as carotenoids, phenolics acids, phytosterols,
polyphenols, spingolipids (B-sitosterol, daucosterol, uridine, and adenosine) (Sang et al., 2002a, Sang
et al., 2002b) and dietary fiber. Due to this array of essential nutrients in almond nuts, they are being
as a functional food (Heim et al., 2002, Gnanavinthan et al., 2013). Consumptions of almonds have also
been related with reduction of heart disease, certain cancer risks, gallstones formation and many
beneficial metabolic effects (Chen et al., 2008, Ros, 2010, Bolling et al., 2011). Moreover, U.S. Food
and Drug Administration (FDA) has also recognized nuts as “heart-protective” foods (FDA, 2011).
The main objective of this research is to discuss almond as potential sources of bioactive compound
such as natural antioxidants, fiber and provide a comprehensive evaluation of the biologically active
components present in nuts that could be used in healthy diet.

Almond’s bioactive compounds

Bioactives are compounds that produce physiological effects when present in a living material, in
other words they must exert physiological benefits related to promoting health (Aluko et al ., 2011,
Awika et al., 2011). Bioactives can be classified based on molecular identity or biopolymer type that
includes polyphenolic compounds, indigestible carbohydrates (dietary fibers), functional lipids
(mainly in nuts), proteins and carotenoids (Cummings et al., 2009). Foods that contain bioactives
components are called functional foods. They may cause physiological effects on the consumer,
leading to justifiable claims of health benefits (Roberfroid., 1996, Shahidi, 2009). Plants are a rich
source of bioactive compounds (Awika et al., 2011). Bioactives from fruits show not only antioxidant
activity but also antimicrobial, anticarcinogenic and anti-inflammatory activity (Emilio, 2007).
Phenolics

Phenolic compounds are the most desirable food bioactives which commonly found in both edible and
inedible parts of plants (Shahidi et al, 2008). They are responsible for inhibiting or delaying the
oxidation of different biomolecules, scavenging reactive oxygen species and chelating metal ions
(Gnanavinthan., 2013) (Heim et al., 2002). According to Table.1 a variety of phenolic compounds such
as phenolic acids, flavonoids, and other polyphenols have been isolated from almonds(Shahidi et al,
2008). The tannin fraction of almond has the highest content of total phenolics and the highest
antioxidant efficiency among all phenolics. The analysis of almond seed crude extract showed the
presence of phenolic compounds, namely vanillic, caffeic, p-coumaric, ferulic acids (after basic
hydrolysis), quercetin, kaempferol and isorhamnetin (after acidic hydrolysis), delphinidin and cyanidin
(after n-butanol-HCI hydrolysis) (Amarowicz 2005). And also Wijeratne et al. (2006a) reported that
extracts of defatted almond whole seed, brown skin, and green shell contained quercetin,
isorhamnetin, quercitrin, kaempferol 3-O-rutinoside, isorhamnetin 3-O-glucoside, and morin as the
major flavonoids in them.

Flavonoids

Flavonoids include flavanols, flavonols, flavononols, flavones, isoflavones and flavanones (Shahidi et
al., 2008). Among nuts, almonds have an appreciable content of flavonoids with 18 mg/100 g. Also
they are the only nuts that contain flavanones and flavonols (Bolling et al., 2010). Almond whole seed
contains a number of flavonoids such as quercetin, isorhamnetin, quercitrin, kaempferol 3-O-
rutinoside, isorhamnetin 3-O-glucoside, and morin as the major flavonoids in the extract of defatted
almond whole seed (Wijeratne et al. 2006b).

Proanthocyanidins

Proanthocyanidins are the predominant polyphenols in almonds. Nut proanthocyanidins mainly
consist of (+)-catechin and (-)-epicatechin, but also include afzelechin and epigallocatechin (Gu 2003,
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Milbury et al. 2006, Monagas2007). Procyanidins B1, B2, B3, and B4 and Prodelphinidins and
propelargonidins have been identified in almond phenolics ( Gu et al., 2003, Amarowicz et a.,| 2005,
Shahidi et al., 2008)

Table 1 antioxidant compound (%) in Skin and Kernel of almond

Compound Skin Kernel
Catechin 35.7 8.8
Epicatechin 33.9 4.0
Quercetin-3-O-galactoside 41.4 Nd
Naringenin-7-O-galactoside 16.1 105
Quercetin-3-O-rutinoside 43.7 Nd
Quercetin-3-O-glucoside 245 Nd
Dihydroxyhaempferol 50.8 Nd
Kaempferol-3-O-galactoside 36.4 20.1
Isorhamnetin-3-O-rutinoside 35.0 3.2
Kaempferol-3-O-glucoside 39.0 16.6
Kaempferol-3-O-rutinoside 404 7.0
Isorhamnetin-3-O-rutinoside and glucoside 28.5 29
Eriodictyol 48.7 Nd
Quercetin 100 Nd
Naringenin 34.1 28.1
Kaempferol 100 Nd
Isorhamnetin 47.2 21

Source: Siriwardhana et al., 2002.

Antioxidation activity of Almonds

Antioxidation activities may be related to the presence of tocopherols, flavonoids and other phenolic
compounds in nuts. Some of antioxidant component are showed in tablel. Tocopherols were
suggested the main antioxidant component of nuts in some researches (Yang et al., 2009), but it has
been reported that the phenolic molecules to be a more effective antioxidant rather than tocopherol
(Kirbaslar et al., 2012). Extracts of whole almond nut possess potent free radical scavenging capacity
(Siriwardhana and Shahidi, 2002). The phenolic compounds of almonds act as antioxidants by
scavenging free radicals and chelating metal ions in foods (Heim et al., 2002). Yanagisawa et al.
(2006a) reported that almonds have DPPH radical scavenging ability, a prolonged lag time, and a
suppression of lyso-PC production Yanagisawa et al., (2006a). In addition, cell-mediated LDL
oxidation was suppressed after the treatment of whole almonds (Fukuda et al., 2005).

Yanagisawa et al. (2006b) reported that a modest quantity of almonds (56 g) in the diet each day for 4
weeks did not lead to an increase in the total cholesterol, LDL-cholesterol or apolipoprotein B levels,
but led to a decrease in the malondialdehyde-LDL (MDA-LDL) levels.

Hyson et al. (2002) compared the effects of whole almond versus almond oil consumption on the LDL
oxidation in healthy men and women, and reported that both treatments improved lipid parameters. A
significant reduction in circulating oxidized LDL levels among asymptomatic adults was reported after
consuming whole nuts in mixed diets at 50% walnuts, 25% almonds, and 25% hazelnuts (Fito et al
2007).

According to Ros 2009, the available evidence suggests that while PUFA-rich nuts confer a neutral or
minimal effect on oxidative status, the effects of MUFA-rich nuts are more moderate. Moreover,
chronic feeding studies using low PUFA nuts, including almonds, showed either an improvement in
oxidation status or increased antioxidant enzyme activity. It is plausible that with less PUFA intake,
the need to protect this oxidizable substrate is reduced and a higher proportion of the nut bioactives are
available for other functions (Bolling 2010).

Mineral, vitamin E and arginine

Almonds are an important source of mineral, vitamin E, folate and L-arginin (Table.2).
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Thirty grams of almond provides 7% of daily calcium needs. And also they contain the other Minerals
such as iron, zinc, copper, magnesium, and potassium (Ros., 2010).

The major dietary sources of vitamin E are seeds, nuts and seed oils. ). Nuts contain significant
amounts of y-tocopherol, almonds are especially rich in a-tocopherola -tocopherol is the most active
component of the Vitamin E and the most powerful antioxidant in the lipid (fat) phase of the human
body and increasingly recognized as a relevant antiatherogenic molecule (Wagner et al 2004, Aiello et
al., 2010, Gnanavinthan, 2013,). Jambazian et al (2005) found that almond intake to 20% energy
significantly elevates plasma a-tocopherol status to 15%, respectively. Vitamin E is an important fat-
soluble vitamin and antioxidant which can help maintain a healthy heart. The extremely critical role of
a-tocopherol in protecting against free-radical reactions becomes apparent when considering the vast
number of diseases (e.g. Senile dementia, Alzheimer and Atherosclerosis) thought to be caused by
these reactions. Recent studies have also shown that a low vitamin E concentration in human blood is
associated with an overall increased risk for many cancers, including breast and lung cancer
(Gnanavinthan et al., 2013, Aiello et al 2010). Almonds have a high content of L-arginin amino acid
which is converted to nitric oxide in the body. Nitric oxide causes blood vessels to relax and remain
elastic, and helps prevent blood clotting. Sclerosis of the arteries and blood clotting can lead to heart

disease (Ros 2009).
Table2 nutrient composition of almond (per 100g)

Nutrient

Composition
Plant sterol 120mg
Total protein 21.3g
Arginin 2.47
Fiber 8.8g
Folate 29ug
a-Tocopherol 25.9mg
Calcium 248 mg
Mangesium 275mg
Potassium 728 mg

Source: Ros2009

Proteins

Proteins comprise about 22 to 25% of the seeds, while 11 to 12% is represented by dietary fiber.
Recent results have shown that the encapsulation of intracellular lipids by the cell walls restricts their
digestion in the stomach and small intestine (Ellis et al., 2004, Mandalari et al., 2008a). Tree nuts are
one of the eight major sources of food allergies and almonds are noexception. The major storage
protein in almonds termed amandin or almond major protein (AMP) accounts for 65% of the total
aqueous extractable seed proteins, and has been determined to be a major allergen in almonds. To
date, evidence suggests that amandin is not as highly allergenic as the proteins found in peanuts or
walnuts (Roux et al., 2001). [40]. Amandinis determined as a highly digestible protein and
antigenically stable toward various food processing methods although it has poor nutritional value
(Venkatachalam et al., 2006).

Dietary fiber

As Codex Committee “dietary fiber” definition includes plant cell walls, resistant starch, other non-
starch polysaccharides and some non-digestible oligosaccharides; all of which are resistant to
digestion and absorption in the human small intestine but usually with complete or partial fermentation
in the large intestine (Cummings et al., 2009).

A prebiotic is defined as “a nondigestible food ingredient which beneficially affects the host by
selectively stimulating the growth and activity of bacteria in the colon” (mandalari 2008b). And also in
the other definition prebiotic is a selectively fermented ingredient that allows specific changes, both in
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the composition and/ or activity in the gastrointestinal microbial community that confers benefits upon
host well-being and health’(Roberfroid, 1996). Thus they can balance the colonic microflora by their
resistance to gastric acidity and are hydrolyzed by mammalian enzymes and gastrointestinal
absorption. They are fermentable by intestinal microflora and cause selective stimulation of the growth
and/or activity of intestinal bacteria associated with health and well-being (mandalari 2008b). The
Prebiotic Index (PI) is a comparative relationship between the growth of beneficial bacteria and the
less desirable ones, in relation to the changes of the total number of bacteria (Roberfroid, 1996).
Almond cell wall material contains pectic substances that are rich in arabinose, and the observation of
their partial degradation by the gut microbiota in the fecal samples can be explained by the erosion of
the middle lamella (Dourado et al., 2004, Ellis et al 2004). The bioaccessibility of nutrients and
phytochemicals from almond seeds is improved by increased residence time in the gut and is regulated
by almond cell walls. The results of studies have shown high amounts of lipid and protein remaining
in the almond tissue after duodenal digestion and therefore available for fermentation in the colon by
the gut microbiota (Mandalari et al., 2008a).

The effect of almond consumption on human Health

Heart healthy & cardiovascular benefits

Almonds contain about44-55.5 % fats, of which about 72.5-79.9% is monounsaturated oleic acid (an
omega-9 fatty acid), 13.5-19.8% is linoleic acid (a polyunsaturated omega-6essential fatty acid), and
5.9-6.7%is palmitic acids (table3) (Venkatachalam et al., 2006, Ozcan et al., 2011).The acidity value
of oils was found between 1.389 and 3.559%. In addition, peroxide values were established between
7.586 and 15.590 meqg/kg (Ozcan et al., 2011).

Omega-3 and omega-6 PUFA are necessary to supply through daily dietary intake for health because
they cannot be synthesized by the body (Aiello et al., 2010). Omega-3 fatty acids help to reduce the
levels of triglycerides in the body and reduce the incidence of coronary artery disease (Venkatachalam
& Sathe 2006). Oleic acids can help to reduce bad cholesterol (LDL) and to increase good cholesterol
(HDL), plus has a low proportion of saturated fat (7% of total fat) and are free of trans fats. They also
provide nutrients to help develop and maintain body’s cells (Jenkins et al., 2002, Viguiliouk et al.,
2014).

In addition researcher found that almonds in the diet for a month led to a reduction in oxidized LDL
cholesterol which is damage to arteries (Jenkins et al., 2002).

Table 3 Averag Content (%) of Major Fatty Acid of Different Origins Almond (American, Italian, Spanish, Turkish,
Tunisian cultivar)

Fatty Acid
Palmitic acid 5.03-7.5
C 16:0
Palmitoleic acid 0.369-0.724
c1l16:1
Stearic acid 1.72-2.03
C 18:0
Oleic acid 62.75-73.10
cis1
Linoleic acid 11.87-20.45
C18:2

Source: Awika et al., 2011

Effect on blood lipid profile

Almond not only has nutritional value, but also has beneficial effects on blood cholesterol level and
lipoprotein profile in humans (Fukuda et al., 2005). It is reported that almond consumption
significantly lowered total cholesterol and caused a significant reduction in plasma triacylglycerols,
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and LDL cholesterol with increased levels of HDL cholesterol in humans (Hyson et al., 2002, phung et
al., 2009). On the other hand cholesterol-lowering effect of almonds compared with typical Western
diets in healthy and hypercholesterolemic subjects was reported (Jenkins et al., 2002). Total and LDL-
cholesterol concentrations declined with progressively higher intakes of almonds, suggesting a dose—
response relation (Sabate et al., 2003). The decrease in total and LDL cholesterol observed was greater
than those estimated from the fatty acid composition of the diets with the use of predictive equations.
Thus nonlipid components of almonds may play a role in lowering serum lipids. Almond, as a part of a
dietary approach, was found to be as effective as the starting dose of cholesterol-lowering drugs such
as statins in managing cholesterol (Jenkins et al., 2002, Sabate et al., 2003).

Nuts can improve lipid profiles not only by the beneficial action of unsaturated fatty acids (PUFA and
MUFA) but also may include the effects of fiber, micronutrients such as vitamin

E and C, folic acid, copper, magnesium, plant protein (e.g., arginine), plant sterols, and phenolic
components (Kris-Etherton et al., 2001) almond ingestion in a diet containing 50-100 g /d
significantly decreased total cholesterol (between 4 and 16%) and LDL-C (between 7 and 19%) in
hypercholesterolemic and normocholesterolemic subjects compared with subjects consuming a control
diet (Jenkins et al., 2002, Sabate et al., 2003).

In other study, hyperlipidemic subjects consumed 50-100 g of almonds/d, and there was a significant
2% increase in HDL-C compared with those consuming a low-fat control diet (26 vs. 36%) (Jenkins et
al., 2002). The almond diet decreased non-HDL-C and LDL-C compared with the control diet. In
addition, the almond reduced HDL-C significantly less than the control diet (Mukuddem 2005).
Although nut is high in fat, it helps with weight control. One study of overweight adults who included
84g of almonds a day as part of a low-calorie diet showed those who ate almonds had a 62% greater
weight loss compared to the control group (Wien et al., 2003). Furthermore, if undigested lipid from
almond tissue reaches the large intestine, it could be used by resident microbiota, and evidence of
bacterial fermentation was previously shown (Ellis et al., 2004).

In other study Total mass (ie, body weight), total fat mass, and total lean mass did not differ between
treatments. The almond diet reduced abdominal mass and abdominal fat mass compared with the
control diet. These findings were validated by weight contorol, which also decreased with the almond
diet. In addition, almond consumption reduced leg fat mass (Berryman et al., 2015).

Hypoglycemic action

There are many researches and human trials that suggested a Mediterranean dietary pattern
emphasizing nuts decreases in HbAlc (from 20.1% to 20.6% absolute reduction), fasting glucose, and
the need for antihyperglycemic drugs ( Viguiliouk et al 2014). [46]. It has seen that the more almonds
that were added to the meal, the greater effect on blood glucose levels, and also the addition of
almonds to a meal can reduce the rise in blood glucose which occurs after eating (Jenkins et al2006,
Josse et al 2007). Improvements in other markers related to glycemic control, such as the
adiponectin/leptin ratio, have also been reported, in addition randomized double-blind controlled trials
and animal studies suggest Magnesium and MUFA play a key role in glucose metabolism (Viguiliouk
et al 2014)

Reduces oxidative stress

A research of smokers found that almond consumption for one month reduced biomarkers of oxidative
stress (Jenkins et al., 2006), while another found that eating almonds can enhance antioxidant defenses
and has preventive effects on oxidative stress and DNA damage caused by smoking (Shahidi et al.,
2002). Oxidation causes damage to the cells in our body and is believed to be an important factor in the
development of diseases such as heart disease, cataracts and macular degeneration, as well as playing
arole in ageing (Li et al., 2007).

Almond hull & shell

The Almond Hulls are the largest by-product of almonds by weight which are the outermost protective
layer of the almond. They are a rich source of triterpenoids, betulinic, urosolic, oleanolic acids,
lactones, as well as flavonol glycosides, phenolic acids, catechin, protocatechuic acid, vanillic acid and
naringeninglucoside (Sang et al., 2002 Jahanban-Esfahlan et al., 2010).

And also isolation of a new prenylated benzoic acid derivative and three known constituents,
catechin, protocatechuic acid, and urosolic acid from the hulls of almond were reported (Sang et al.,
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2002b). In addition about 4.5% of total hull weigh are phenolics, mainly tannins. The phenolics
extraction that obtained from almond hulls showed remarkable radical-scavenging activities (DPPH)
and antioxidant capacity almond hull extracts had higher antioxidant activity than a-tocopherol (Pinelo
et al., 2004, Jahanban-Esfahlan et al., 2010). The water extraction of hulls and solvent extraction of
shells to produce food ingredients and antioxidants, respectively, has been studied. Almond shell is
highly lignified which is similar to that of hardwood (Quesada et al., 2002, Pinelo et al., 2004,
Rabinowitz, 2004).

Antimicrobial activity

The antimicrobial properties of nut active compounds have been reported. Moreover in vitro
investigation demonstrated that almond kernels have antitumor activity. Among a number of essential
oils almond essential oils were found to be highly bactericidal rather than the other essential oils and
in some instance significantly higher antibacterial activity from antibiotics i.e., tetracycline, ampicillin
and ciprofloxacin (Gomaa 2013). Antimicrobial activity of almond oil to be more effective than grape
seed oil, fuji apple seed oil and mulberry seed oil. Testing of almond oil on some species of
microorganisms showed that it can inhibite Salmonella sp and B. subtilis higher than the other
microorganism (Tian 2011). It has also stronge antimicrobial activity against E. coli (Gomaa 2013),
Proteus vulgaris and Pseudomonas aeruginosa (Kirbaslar 2012).

According to kumar (2012) report almond oils have shown a significantly anti-candidal activity and
their maximum activity was reported against C. guilliermondii kumar 2012). Polyphenols extracted
from almond skins were effective in vitro against Helicobacter. Pylori, irrespective of genotype status
and could therefore be used in combination with antibiotics as a novel method for antibiotic resistance
(Bisignano et al 2013).

Conclusion

The roles of functional food in improving and maintaining human health have been studied
extensively. Among the various nut of interest almond presents a nutritional and pharmacological
value as a source of biologically active phytochemicals such as lipids, vitamins and minerals. It also
has a significant amount of dietary fibers with a suitable prebiotic index. Moreover of nutritional
value, almond significantly improves lipid profile in human that besides of those expected from its
fatty acid composition. It has also capable to produce many beneficial effect on health (antidiabetes,
anticarcinogen, prevent of fatness, etc). These outcomes may relate to a various bioactive compounds
such as polyphenols, that existing in almond nuts, especially in its skin. Skin not only has antioxidant
activity but also has significant amount of dietary and resistance fibers, that improve microflora gut
and prevent colon cancer. It has antitumor and anticancer activities as well as antimicrobial activities.
As a result we can define almond and its skin as an important functional food and more usage of it in
food industry is a well-founded plan especially when it is not blanched.
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