ALMOND COMPOSITION
AND QUALITY: ASSUMPTIONS
AND FACTS

INRODUCTION

The quality of any product is a concept
of very difficult definition. This difficul-
ty is usually increased in all agricultural
products because their composition is
often very complex and, most of times,
unknown. As a consequence, not only the
quality concept is difficult to establish, but
also ephemeral (Janick, 2005), because
of the continuous changes in the market
preferences. In a species very close to al-
mond such as peach, these continuous
changes in the market demands is clear-
ly evident giving rise to constant changes
in many qualitative aspects, such as skin
and flesh color, shape, skin hairiness, etc.

Almond is the most important tree nut
crop in terms of commercial production.
This production is limited to areas charac-
terized by a Mediterranean climate (Kes-
ter and Asay, 1975), including regions in
the Mediterranean countries, the Central
Valley of California, the Middle East, and
some equivalent areas in the Southern
Hemisphere. Traditional almond culture
utilized open-pollinated seedlings (Gras-
selly, 1972; Rikhter, 1972) which, together
with self-incompatibility, produced a very
high heterozygosity in this species (Kester
et al., 1990; Socias i Company and Felipe,
1992). This large variability has provided a
useful genetic pool for almond evolution,
allowing in each growing region the selec-
tion of almond cultivars well adapted to
this area (Kester et al., 1990). Some culti-
vars, however, have shown high plasticity,
being adapted to different growing condi-
tions (Felipe, 2000).

Traditional almond production was cen-
tered in the Mediterranean countries,
but in the 20th century it shifted to new
growing regions. At present there is a
clear dominance of the Californian pro-
duction and an increasing importance
of the Australian production, with a clear
possibility of displacing the Spanish pro-
duction from the second to the third
place. From the commercial point of view,
the Spanish almond imports from Califor-
nia represent an important volume of the
exports from the United States, giving
rise to continuous controversies on the
possible differential quality of both pro-
ductions. These discussions, however,
lack of a sound scientific basis to estab-
lish clear criteria on quality differentiation.
Some parameters can be clearly mea-
sured and used to characterize each cul-
tivar. This information is crucial not only
in order to increase the knowledge of the
almond diversity, but also the nutritional
and healthy value of the kernels, and the

provided by citaREA Repositorio Electrénico Agroalimentario

Hard-shell almond nuts, more favourable to maintain kernel quality.

possibility of selecting the most adequate
cultivars for the industry (Socias i Com-
pany et al., 2008). The modern almond in-
dustry requires commercial cultivars char-
acterized by kernels with high quality attri-
butes, because the best end-use for each
cultivar is a function of its chemical com-
position (Berger, 1969) and of the con-
sumers’ trend for foods without synthetic
additives (Krings and Berger, 2001). Ker-
nels with a high percentage of oil could be
used to produce nougat or to extract oil,
which is used in the cosmetic and phar-
maceutical industries (Socias i Company
et al., 2008). In addition, high oil content
is desirable because higher oil contents
result in less water absorption by the al-
mond paste (Alessandroni, 1980). On the
contrary, high oil contents are not desir-
able in the production of almond flour or
almond milk. In the case of individual fatty
acids, low content of linoleic acid is corre-
lated with high oil stability (Zacheo et al.,
2000), whereas high content of oleic acid
is considered a positive trait from the nu-
tritional point of view (Socias i Company
et al., 2008).

The information available at present on
the chemical composition of the almond
kernels is restricted to a reduced num-
ber of cultivars, mostly from the coun-
try where these cultivars originated or
are grown. As a consequence, compari-
sons among cultivars from different coun-
tries are affected by possible differences
related to the climatic conditions of each
country and to the different management
of the almond orchards. Therefore, the
study of the chemical composition of a set
of cultivars from different origin but grown
in the same conditions was considered in-
teresting, taking the opportunity of the al-
mond collection belonging to the Spanish
National Germplasm Network maintained
at the CITA of Aragdn (Espiau et al., 2002).
This collection was initially assembled by

A. J. Felipe and shows a very large ge-
netic diversity as related to all traits taken
into account for almond description (Gdl-
can, 1985), including not only the morpho-
logical traits of the tree, the vegetative or-
gans and the fruit, but also the physiologi-
cal traits, such as blooming time and sus-
ceptibility to pests, diseases, and frosts
(Socias i Company and Felipe, 1992), as
well as their molecular characterization
(Fernandez i Marti et al., 2009).

The knowledge of the chemical compo-
sition of the almond kernels would allow
establishing not only quality criteria, but
also consumption criteria, due to the inci-
dence of some compositional parameters
on the nutritional and healthy values of
almond kernels (Socias i Company et al.,
2011). Some recent studies point out that
almond consumption in the Mediterra-
nean region represents a complementary
source of vitamin E (Gimeno, 2000). Al-
mond consumption has also been related
to a decrease of the problems of colon
cancer and of high blood pressure (Davis
et al., 2003), as well as a decrease in the
risk of heart diseases (Chen et al., 2006).

The high nutritive value of almond ker-
nels arises mainly from their high lipid
content, which constitutes an important
caloric source but does not contribute
to cholesterol formation in humans. This
is due to their high level of unsaturated
fatty acids, mainly monounsaturated fatty
acids (MUFA), since MUFAs are inversely
correlated with serum cholesterol levels
(Sabate and Hook, 1996). Kernel tenden-
cy to rancidity during storage and trans-
port is a quality loss and is related to oxi-
dation of the kernel fatty acids (Senessi
et al.,, 1996). Thus, oil stability and fatty
acid composition, essentially the O/L ratio
(Kester et al., 1993), are considered an im-
portant criterion to evaluate kernel quality.
The presence of natural anti-oxidants in

18

FAO-CIHEAM - Nucis-Newsletter, Number 15 December 2011


https://core.ac.uk/display/71401205?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

almond kernels, such as tocopherols, is
another determinant of almond quality
(Socias i Company et al., 2008).

Thus, our main objective was the study
of the genetic diversity present at the
Spanish  National Almond Collection
present at the CITA of Aragén in relation
to their kernel oil content, as well as for oil
composition in the main fatty acids. This
knowledge would be essential for esta-
blishing the value of the different cultivars
from the quality point of view.

MATERIALS AND METHODS

The kernels of 73 almond cultivars com-
ing from 10 different countries were ana-
lyzed for this study (Kodad et al., 2011).
The trees are maintained as living plants
grafted on the almond x peach hybrid
clonal rootstock INRA GF-677, using
standard management practices (Espiau
et al., 2002). Nuts from open pollination
were harvested in 2008 and 2009 at ma-
ture stage, when fruit mesocarp was fully
dried and split along the fruit suture and
peduncle abscission was complete (Feli-
pe, 1977). Two samples of 20 fruits were
collected for each treatment.

Fruits were left to dry and then shelled
to obtain the kernels. The kernels were
blanched in hot water. After drying, the
kernels were ground in an electrical
grinder to obtain almond flour. Oil was
extracted from 4-5 g of ground almond
kernel in a commercial fat-extractor. The
oil content was expressed as the differen-
ce in weight of the dried kernel sample
before and after extraction. The oil sam-
ple was utilized to determine the diffe-
rent fatty acids according to the official
method UNE-EN ISO 5509:2000 (ISO,
2000). The ratio O/L (relation between the
concentrations of oleic acid and linoleic
acid) was also obtained.

The results of the two years of analysis
were averaged for all the cultivars of each
country. The means were compared by
LSD at 5%.

RESULTS AND DISCUSSION

When considering the average values of
each cultivar (data not shown), the first
notion to be deduced was the large vari-
ability for the oil content and the concen-
tration of the different fatty acids among
the different almond cultivars, indepen-
dently of their country of origin. The ave-
rage value of oil content, on a dry matter
basis, ranged from 51.39% in ‘Siria-3’ and
66.80% in ‘Filippo Ceo’. When this range
of variability was examined for the cul-
tivars of each country, the widest range
was observed among the cultivars from
Spain (from 54.75% to 66.40%), follo-
wed by a medium range of variability for
the cultivars of France (from 54.75%

Table 1. Average oil content and composition in the main fatty acids of almond
cultivars from different countries.

Country Oil Oleic Linoleic O/L Palmitic Palmitoleic Stearic
Argentina 65,19a 70,60ab 20,91ab 3,40b 586ab 0,40ab 1,65¢

Spain 60,40bc 72,20a 18,46bc 4,02ab 6,15a 0,45 ab 2,05 bc
USA 60,90bc 70,26ab 20,56ab 3,59b 6,03a 0,46 ab 1,94 be
France 60,51 bc 72,42 a 18,22 ¢ 413a 5,83ab 0,44 ab 2,17 bc
Greece 58,68c 69,39ab 21,09ab 342b 6,19a 0,48 a 2,30 b

India 64,08a 66,25b 23,85a 2,83c 6,22a 0,42 ab 2,41a

Italy 61,30b 72,93a 18,06¢c 422a 581ab 045ab 2,07 bc
Portugal 60,57bc 70,39ab 20,11ab 3,63b 6,02a 0,45 ab 2,31 ab
Syria 55,63d 71,75a 19,76b  3,66b 565b 0,35b 1,83 bc
Ukraine 60,44bc 71,85a 19,02bc 3,92ab 5,98a 0,39 ab 1,96 bc

Blanched almond kernels with rugous surface, a
trait decreasing quality.

to 64.73%) and ltaly (from 56.23% to
66.80%), being low for the cultivars of
Portugal (from 58.33% to 63.66%) and
the USA (from 57.36% to 63.60%). It is
worth noting that nearly all cultivars from
France, ltaly and the USA showed a mean
value of oil content higher than 60%. This
range of variability for the cultivars of Ar-
gentina, India, Ukraine and Syria, present
in a much lower number than those from
the other countries, was found to be be-
tween the limits observed for the culti-
vars of the other countries. These results
showed the inconsistency of the opinion
often manifested that the Californian cul-
tivars have lower oil contents than the Eu-
ropean cultivars.

The range of variability for the main fatty
acids was also wide. For oleic acid it was
from 62.86% in ‘Ne Plus Ultra’ to 77.35%
in ‘Yosemite’, being both cultivars from
the USA. For linoleic acid it was from
14.04% in ‘Yosemite’ to 26.85% in ‘Spi-
lo’. For palmitic acid it was from 4.88% in
‘Tardive de la Verdiére’ to 7.01% in ‘Des-
mayo Largueta’. For stearic acid it was
from 1.47% in ‘Nonpareil’ to 3.41% in
‘Filippo Ceo’. Finally, for palmitoleic acid
it was from 0.31% in ‘Siria-3’ to 0,61% in
‘LeGrand’.

Considering oleic acid, the fatty acid with
the highest content in almond oil, the
widest range of variability was observed
among the cultivars from the USA (from
62.86% to 77.35%), followed by those
from France (from 65.31% to 76.99%),
Greece (from 64.00% to 74.97%), Spain
(from 67.42% to 74.92%) and Portugal
(from 67.66% to 74.10%). The highest
mean value for the content in oleic acid
(Table 1) was found for the cultivars
from ltaly (72.93%), followed by those of
France (72.42%), Spain (72.20%), Por-
tugal (70.39%), the USA (70.26%) and
Greece (69.39%), although the differences
between these countries were not sig-
nificant. Only for the cultivars from In-
dia (present only with three accessions),
the content of oleic acid was significantly
lower than the content of the cultivars
from the other countries.

For linoleic acid, the widest ranges of vari-
ability were observed for the cultivars of
the USA (from 14.04% to 26.63%) and
France (from 14.29% to 24.71%), and
the shortest for those of Portugal (from
17.08% to 23.22%) and Spain (from
15.37% to 22.44%). The lowest values
for the content of linoleic acid were found
among the cultivars from Italy, France
and Spain, with values significantly lower
than those for the cultivars of some coun-
tries. In relation to the O/L ratio, the high-
est values were found among the cultivars
from Italy, France and Spain, whereas the
values from India were significantly lower
(Table 1). It must be taken into account
that a high O/L ratio implies higher oil sta-
bility and, therefore, an index of almond
quality and of resistance to rancidity must
be considered.

The three other main fatty acids are pre-
sent in much lower amounts, and the
differences observed between cultivars
from different countries are not important
(Table1).

As a whole, thus, the lipid composition
of the almond kernels is a characteristic
trait of each cultivar, independently of its
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country of origin. Therefore, the nutritive
value and the quality stability of the ker-
nel depend on the genotype and not on
the geographic origin. These results show
that the valorization of the almond quality
must not take into account the geographi-
cal origin of the cultivar, but other aspects
of its composition, not only the lipid frac-
tion. The oil content and the percentages
of the different fatty acids do not directly
affect the subjective appreciation of the
kernel quality, but the different possibili-
ties of its industrial utilization, showing
again that the definition of quality is extre-
mely difficult.

The present industrial trend for specific
requirements in relation to the kernel
quality for the different confectioneries
made with almond implies a better know-
ledge of the kernel composition in or-
der to establish selection criteria for the
best adequate cultivars for each product.
These criteria have been incorporated into
the almond breeding program of the CITA
of Aragoén and have been an important
point for the commercial qualitative ker-
nel valorization of the new releases such
as ‘Belona’, ‘Soleta’, and ‘Mardia’, with
low content of linoleic acid, because this
low content is correlated with a high oil
stability.

The results of this study show the wide
variability present in the lipid fraction of
the almond kernels, independently of their
country of origin, as cultivars of 10 coun-
tries were included, not only from the
Mediterranean area, but also an important
group of cultivars from the USA, as well as
some representatives from Argentina and
India. However, it was impossible to es-
tablish a compositional pattern of any re-
gion because in each region there are cul-
tivars with very different values for each
component. In addition, it has been also
impossible to establish valorization crite-
ria based only on the lipid composition.
However, these results are extremely im-
portant for the industry in order to choose
the adequate cultivar for each confec-
tionery. Thus, as already mentioned, ker-
nels with high oil content are the best for
making “Jijona” turrdn (soft nougat) or for
extracting oil, as required by the pharma-
ceutical and cosmetic industries.

However, it is note worthy to stress the
high O/L ratio of the cultivars from ltaly,
France and Spain. This fact may allow in-
creasing the storage ability not only of the
kernels of these cultivars, but also of their
derivative products, such as nougat, mar-
zipan, etc. This implies all the intermedi-
ate steps, from the field, at harvesting, to
consumption of each of these products.
From this point of view the Spanish culti-
vars can be distinguished from the Cali-
fornian ones, thus showing a distinctive

quality trait, not only interesting from the
consumers’ point of view, but also in any
breeding program, taking into account the
breeding objective of increasing the or-
ganoleptic and nutritive quality of the al-
mond kernels.
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