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| 1. Introduction

The almond is the most cultivated nut in the world, where the estimated annual production exceeds 3 million tons i Most
of the world's production is concentrated in three regions, which include California, the Mediterranean Basin and the
Middle East, although almond cultivation is also increasing in the Southern Hemisphere, in countries such as Australia or
Chile.

Almond tree, Prunus dulcis, belongs, taxonomically, to the Amygdalus subgenus inside the Prunus genus, the Rosaceae
family and the order Rosales . Its cultivars are classified depending on the hardness of the shell. Soft and medium-hard
shell cultivars, like Non Pareil and Guara, respectively, show low resistance to attacks by pests and are more susceptible
to rancid oxidation, but show high kernel yields (55% and 35—40%, respectively) [El. On the other hand, hard shell varieties
present the lowest kernel yield (< 25%), but they maintain in a better way the organoleptic and commercial characteristics,
highlighting the importance of Marcona and Desmayo Largueta cultivars. Physical parameters are useful for cultivar
determination even when the nuts are grown in the same conditions.

From the botanic point of view, the almond tree nut is a drupe. It is formed by the evolution of the ovary walls, which
develop into the pericarp (hull), an outer layer that is formed by a pulpy and very fibrous tissue, that can be divided into
the exocarp (thin and pubescent) and the mesocarp (thickest); and a lignified interior layer that creates a heavy to less
heavy coat, the endocarp (shell). At maturity, the pulpy mesocarp dries and opens by its ventral suture, releasing the
lignified endocarp. The seed, which constitutes the edible kernel and the commercial part of the nut, occupies the inner
part, surrounded by the endocarp. The kernel contains the embryo coated by the teguments 2.

Almond consumption has been found to be associated with many health benefits [, especially related to the reduction of
the cardiovascular diseases risk, but also with effects on other pathologies, such as hypertension, diabetes mellitus or
metabolic syndrome. These activities are generally attributed to the lipid fraction, where the fatty acid profile has a
predominant role, but also minor compounds such as polyphenols and phytosterols may be involved. Moreover, recent
studies have explored the effect of other nutritional compounds like fiber on gut microbiota & or the antioxidant capacity of
the protein fraction .

| 2. Chemical Composition of Almond Kernel

The main fractions that can be found in almond kernels, other than water, are the lipid fraction, the protein fraction,
carbohydrates and the mineral fraction. A numerous group of compounds called phytochemicals should also be added,
because even though they appear in low quantities, they have a main role in almond quality. The proportion of these
compounds changes according to the cultivars, the cultivation system and the geographical origin [AEIIRAMLNAZ] (Figyre
1).
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Figure 1. Chemical composition of almond kernel.

Precise knowledge about almond kernel composition is of great interest from the commercial, industrial and nutritional
points of view, especially taking into account the variability that exists between different cultivars. In Yada et al. &, total
lipid values between 40 and 67 g/100 g of dry almond weight and between 35 and 66 g/100 g of almond fresh weight (f.w.)
were reported. Almond oil is mainly composed of mono- and diunsaturated fatty acids 23, In the case of total proteins
(considering a conversion N factor of 5.18), the values oscillated between 14 and 61 g/100 g of almond fresh weight, and
in the case of soluble sugars, values between 1.8 and 7.6 g/100 g of dry almond and between 2.5 and 12 g/100 g of fresh
almond have been reported.

Regarding phenotypic correlations, a negative correlation was found between the oil and the total protein content 14!, This
interdependence can be explained biochemically, because both fractions are formed during the ripening process from
carbohydrates, which are abundant in the early stages of seed development but decrease over the ripening process 1,

In the existing literature, a clear evolution of the topic treatment can be observed. The first works about the chemical
composition of almond kernels started appearing in the 1950s L84 providing data about the main fractions, without
discrimination between cultivars and origins. In the decades of the 1970s and 1980s, works about the chemical
composition appeared, referring to defined cultivars and providing information about fatty acids, amino acids, mineral salts
and soluble sugars compositions L2819 Wworks studying the influence and effect of different labor systems, the place of
origin and the harvest year on almond chemical composition also appeared.

From 1990, a step forward can be observed, related to the use of advanced statistical treatments, in such a way that not
only composition data are given, but it is also tried to bring together genotypes that have a similar response and present
close values to commercial effects 292111221 |n addition, food origin determination appears as a main target in food
quality control and safety [23],

In the new century, the approach to the chemical composition of almond kernels, which can be applied to the rest of nuts,
is focused on minority components, called phytochemicals. It has been shown that almond kernels present a wide range
of substances with high nutritional value or with effects on health on one side 2425128 and with antioxidant effects on the
other [27(28129] The interest aroused by these substances has boosted the development of new methods for their
determination, increasing exponentially the published articles about them. Another important source of data is due to the

recent interest in almond oil extraction as virgin edible oil LUL2IA3BOBLE2B3B435] |y this sense, almond oil has been
widely characterized, but oil extraction industries generate a by-product derived from the grinding of the pressing cake,
which originates a partially defatted flour where the non-lipidic fraction takes on a special relevance. These flours have
been reported to have promising uses in the culinary industry to enhance the nutritional properties of various products 28
871 or in mushroom cultivation, where it can be added as a nutritional supplement 341,

| 3. Protein Fraction of Almond Kernel

Almond kernel is a protein-rich food (second fraction in importance after the lipid fraction), but its content presents
differences depending on the cultivar, weather conditions and cultivation area [2J[14][16](32][34][38][39)[401[41][42]

Table 1 shows the protein content of almond kernel samples with different origins found in relevant published articles. The
percentage of variation ranges from 8.4%, found in Spanish samples 4, to 35.1%, found in Moroccan samples 42, The
differences in the protein content found in different samples may be related to the methods used in the analysis. To
calculate the protein content, typically a specific conversion factor of nitrogen to protein of 5.18 is used 43l since
amandine, which is the dominant protein in almond, is a globulin that contains 19.3% of nitrogen 24, However, other



studies use the general conversion factor (6.25), based on the nitrogen content of most common proteins, which could
lead to overestimate the protein content. This point could explain some discrepancies found within the data. For this
reason, data regarding total nitrogen would be more useful to compare samples from different origins.

Table 1. Macronutrients content (%) of almond samples with different origins.

Source of Variability
] Range of Variability (g/100 o Studied
Nutrient ) Origin References
9

V* E** Ap *kk

Protein, total (N x 5.18)

16.4-22.1 USA - - - [38]
18.5-24.0 California Yes Yes - [l

20.7-23.3 USA Yes - - [45]
15.8-25.1 Spain Yes Yes - [18]
14.5-29.2 Spain Yes Yes - [39]
8.4-24.7 Spain Yes - - [14]
14.1-26.5 Spain - - - El

21.0-24.0 Portugal Yes Yes - 48]
96-285 eraer:(::z Italy and Ves Yes - (41]
20.0-32.8 Spain and Morocco Yes Yes - (29
14.1-35.1 Morocco Yes Yes - (421
16.7-31.5 Turkey Yes Yes - [47]
12.7-16.3 Turkey Yes - - [40]
20.4-25.8 Turkey Yes Yes - [48]
11.52+1.1 Nigeria - - - [49]
23.8 India - - - [50]
20.0 South Africa - - - (51

17.36-23.02 Serbia Yes - Yes (52]



Carbohydrates, total

14-21 Portugal Yes Yes - [46]
23.6-27 USA Yes - ) 48]
28 Nigeria - - - (53]
28.0 South Africa - - - (51]

Sugars, soluble

2.6 Turkey Yes - - (4]

7.9 Spain Yes - ) [15]

1.74-4.31 Greece Yes - Yes (551
Sucrose

2.55.1 California Yes Yes - &l

1.42-3.62 Greece Yes - Yes 5]

1.15-2.22 Portugal Yes - - =

3.67-7.09 Spain - - Yes e

1.21-3.08 Portugal Yes - - 81
Starch

0.4-1.4 Italy - - ; [59]

Fiber, total dietary

9.8 California - - - (6
7.9-16 California Yes Yes - [l

3.3-8.6 Spain Yes Yes - [22]
4.73-6.01 Spain - - Yes =7
11-14 Italy - - ] (591

Font i Forcada et al. 81 found that two quantitative trait loci (QTL) controlled the total protein content. The first marker
LG6, located in the lowest part of the almond linkage groups, had a logarithm of the odds (LOD) values of 3.21 and
explained a phenotypic variance of 17%. The second QTL was found in the lowest part of LG7 and had a similar effect,



with an LOD of 3.18 explaining a phenotypic variance of 16.6%.

Nitrogen total content of almond samples has shown different percentages: 3% 121, 4.06% 52, 4.23% 54! and 4.62% 631,

| 4. Carbohydrates in Almond Kernel

The carbohydrates from almond kernel are soluble sugars, starch and other polysaccharides such as celluloses and
hemicelluloses that are non-digestible, but they have physical effects in the intestinal tract with benefits for human health
[8. The total carbohydrates content ranged from 14% to 28% (Table 1). The sugars that can be found in almond kernel,
although not found in high concentrations, are enough to provide the sweet flavor to almonds.

| 5. Mineral Fraction of Almond Kernel
5.1. Ashes

Mineral content is sometimes expressed as the ash content, which is the inorganic residue that remains after the
incineration of the plant tissues. Almond kernels contain approximately 3 g ash/100 g of fresh weight 463, These values
may vary depending on the study considered (Table 2), between 2.3% & and 5.0% 11,

Table 2. Average value or range of main mineral elements (macro- and microminerals) found in almond kernel in the
literature (mg/100 g).

Ash
(g/100 K P Ca Mg S Cl Na Fe Cu Mn Zn Origin Reference
g)
435 577 298 299 587 227 34 096 136 3.04 Spain o
2.69- . 15
36 821 585 275 281 130 14 108 4 1.2 1.6 3.8 Spain [15]
618— 345— 88— 242— 47- 35— 1.1- 34—
1-1.6 Spain (8]
785 507 124 285 155 53 1.7 3.9
2.74— 40
3.05 1373.8 873.8 2432 351 326 234 1 5 Turkey [40]
1546— 253- 640— 447- 55- 24— 3.8 7.6— [63]
1685 259 678 494 6.5 2.6 8.0
1050 300 467 30 7.0 0.5 34 Italy [64]
3.03- 1677- 404- 98- 361— 5.66—- 3.98- 1.60- 290- 7.78- 54
Turkey [54]
4.66 2051 800 187 513 10.38 146 230 339 8.84
465 119 160 100 France,
- Italy and [41]
1235 748 -663 333
Greece
2.3- 543— 364— 198- 224- 2.58- 0.46- 131- 2.02- o 9
California &
3.4 902 548 373 303 447 157 398 4.03
3.29- 679- 584— 250- 325- 9.20- 6.08— 2.02— 2.52- 4.80-

Turkey (48]«
4.66 986 697 332 381 16.06 10.62 3.97 4.76 9.53



South

5.0 539.2 5424 7.15 2.37 2.58 4.97 ] (51]
Africa
133.25 450.0 6.25 India [66]

* Referred to non-dried matter. K: potassium; P: phosphorus; Ca: calcium; Mg: magnesium; S: sulfur; Cl: chloride; Na:
sodium; Fe: iron; Cu: copper; Mn: manganese.

The sum of mineral elements is sensibly lower than the ash content, with percentages around 60%, which is
fundamentally explained because the oxygen associated with these minerals is not counted in the ashes obtained by
calcination 15!, According to Esteban 28], the percentge of all minerals, excluding nitrogen, represents between 51.3% and
55.2% of total ash content.

5.2. Macrominerals

Macrominerals refer to those minerals that are needed in quantities higher than 100 mg/day. On the other hand, those that
are needed in small quantities are called microminerals, oligo elements or trace elements. Table 2 shows the average
value of the main mineral elements (macrominerals and microminerals) found in almond kernel.

Potassium is the major element in all studies, except the one carried out by Prats @, followed by phosphorus. Both
elements represent 70% of the mineral fraction, not counting nitrogen. The next in importance are calcium and
magnesium with very close values, in such a way that in some samples, one is higher and in others the opposite happens
(15]118] - Globally, the mean magnesium values are higher than calcium values, and both represent half the phosphorus
content, or even less (15,

Sulfur also appears in high amounts, although it is an element that is not commonly analyzed in comparison with the
previous ones. Its values vary greatly depending on the study, probably due to the different methods applied for its
determination. Prats [ found higher values, comparable to phosphorus values. Macronutrients aggregation, not counting
nitrogen, represents large percentages which are almost identical between cultivars, ranging from 98.0% to 98.7% of total
minerals. Among Chinese wild almond species, potassium contents between 534 and 663 mg/100 g, calcium contents
between 80 and 229 mg/100 g and magnesium contents between 194 and 239 mg/100 g have been found &,

5.3. Microminerals or Trace Elements

Main microminerals or trace elements found in almond kernel are sodium, chlorine, iron, copper, manganese and zinc
(Table 2). Sodium and chlorine are those that appear in higher proportion 21281534 followed by iron and zinc contents,
which also show important values. In this case, as it happened with calcium and magnesium, for some authors, the
content of iron is higher, and for others, the zinc content, but generally the quantity, is lower than 5.5 mg/100 g.
Nevertheless, attention should be paid to the high contents in iron and zinc found by Ozcan et al. 2% and Aslantas et al.
(B4l respectively. Among Chinese wild almond species, iron contents between 4.6 and 6.0 mg/100 g and zinc contents
between 4.1 and 5.6 mg/100 g have been found 7.

Other elements found in almond kernel, although in minor concentrations, include molybdenum that ranges from 4 to 30
1g/100 g, boron which ranges between 0.18 and 2.9 mg/100 g [22l16168] chromijum ranging between 0.04 €2 and 0.17
mg/100 g 88 aluminum ranging between 0.83 89 and 2.2 mg/100 g €8, nickel with 0.034 mg/100 g B2 and selenium with
0.004 mg/100 g B4,

Some references to toxic heavy metals have also been found BUELI6 Even though some heavy metals such as cobalt,
copper, chromium, manganese and nickel are needed for humans in small proportions, others may be carcinogenic or
toxic, affecting the central nervous system (manganese, mercury, lead, arsenic), kidney or liver (mercury, lead, cadmium,
copper), or the skin, bones or teeth (nickel, cadmium, copper, chromium).

| 6. Phytochemical Compounds of Almond Kernel

Phytochemicals, also known as bioactive compounds, are mainly additional nutritional compounds that can be found in
certain foods, and that show an important and interesting physiological activity with positive effects on human health,
which makes them very valuable elements for the scientific community and the food industry.



Several thousands of phytochemicals have been reported, some of them having a strong antioxidant activity (catechin,
quercetin, tannin, ellagic acid, chlorogenic acid, cyanidin, etc.) 19 which are added to the already known antioxidant
nutrients (vitamins A, C, E, selenium, etc.).

Phytochemicals comprise the following chemical groups: carotenoids, phenolic compounds, organosulfur compounds,
some nitrogen compounds and alkaloids. Bolling et al. /1 added a carbohydrates group to this classification, the phytates,
and together with the carotenoids, they include other unsaponifiable compounds of the lipid fraction.

| 7. Volatile Compounds

Seventeen aroma compounds were detected in raw almonds P24, including six aldehydes, two ketones, two nitrogen-
containing compounds, one sulfur-containing compound, two acids, one furanone and three unknown compounds. Six of
these compounds were quantitated in raw almonds, where vanillin with 830 ng/g was the most abundant and acetic acid
(137 ng/g) and nonanal (72 ng/g) were found in high abundance.

Ojeda-Amador et al. 23 analyzed volatile compounds which are related to sensory notes, such as fruit/banana (hexanol),
oily/green—sweet (hexanal), fruity (pentanol) and bitter almonds (benzaldehyde). The most important family found in all the
varieties studied was that of aldehydes (1.35-7.52 mg/kg). Benzaldehyde was the main aldehyde (52-74% of total),
followed by hexanal (0-10%).

Alcohols were the second major family, accounting for 14% to 30% of the total volatiles. Hexanol was the main contributor
and was most abundant in "Marcona" (1.89 mg/kg). Acids (mainly acetic acid), hydrocarbons, ketones and terpenes
showed close concentrations to each other, indicating about 0.30 mg/kg for each family.

| 8. Conclusions

Almond kernel contains a considerable amount of good-quality proteins, mainly globulins, essential minerals and fiber with
a low content in sugars, in addition to many phytochemicals with potential health benefits. The presence of large variability
in nutritive compounds has been reported, although most pre- and postharvest factors may have a significant effect on
their content. However deeper studies about drying, blanching, storage or roasting processes and genetic, agricultural
and environmental conditions are necessary to clarify their influence on the quality and quantity of almond
phytochemicals.

As regards the bibliography consulted, practically no work has been found focused on the study of the phenotypic
correlations that occur between the different components of the almond.

The complexity in the phytochemical composition makes the use of standard methods for extracting and quantifying
almond phytochemicals difficult. Non-conventional extraction techniques are gaining major interest, especially methods
based on microwave, supercritical fluids and ultrasound, combined with well-known and safe solvents such as ethanol,
water and ethanol-water mixtures. Other methods such as sonication and hydrolysis are barely cited in scientific papers.

In another direction, more studies are needed to understand the impact of almond processing on protein and AA
digestibility. Furthermore, increasing efforts to establish a new method for assessing protein quality, based on the
Digestible Indispensable Amino Acid Score (DIAAS) system, are necessary.

The valorization of non-lipid compounds from almond has been scarcely treated in the scientific literature. Most papers
focus on compounds identification and quantification and rarely on industrial extraction methods, as opposed to oil
extraction. However, the nutritional composition of the non-lipid fraction of almond kernel makes the by-products obtained
in the oil extraction process interesting candidates for food applications, to be used as a source of protein, fiber and
minerals.
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