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ABSTRACT

Attalea vitrivir is a neotropical palm with exceptional potential for biofuel production. We evaluated the
effects of different storage methods on seed and oil quality and the viability of using cryopreservation for
conserving its genetic resources. Fruits were stored for 365 days in the open air (OA); under shade (SH);
in the shade in polyethylene bags (PO); and in a cold chamber at 10°C (CC); seeds were stored for 180
days in SH, PO and CC. We evaluated embryo viability as well as the acid value and fatty acid profile of
the oil. Isolated embryos and seeds were stored for 90 days at room temperature (average 25 °C); —20°C;
and at —20°C following freezing at —196 °C. Embryos were also stored at —196 °C. The storage methods
used preserved embryo viability, which remained above 90%, with the exception of seed storage in PO.
The oil had an initial acid number of 0.9% and a predominance of lauric acid, and a final acid number
of less than 1.6% in all treatments. Saturated fatty acid and lauric acid contents increased with storage.
The freezing methods preserved embryo viability and seed germinability. A. vitrivir seeds demonstrate
orthodox behavior and are highly storage-tolerant, which is favored by the high stability of their oils.
Cryopreservation of embryos shows potential usefulness for the conservation of the genetic resources of

this species.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Palm trees of the babassu complex (Attalea sp.) (Fig. 1a) are
widely distributed in tropical America, with Attalea vitrivir being
native to the Cerrado biome (neotropical savanna) in central Brazil
(Dransfield et al., 2008; Lorenzi et al., 2010; Neves et al., 2013).
Babassu palms produce large numbers of fruits and seeds (Fig. 1b)
(Neves et al., 2013) and have been used by traditional populations
as a source of raw materials for rural buildings, crafts, and as food
(Lorenzietal.,2010; May et al., 1985), constituting one of the major
non-timber extractivist resources in the country (Ferrari and Soler,
2015; Teixeira, 2008). Attalea vitrivir fruits have a woody endocarp
that can be used to make charcoal for the steel industry, and its
seeds have high oil contents with high potential for biofuel pro-
duction (Fig. 1c-d) (CETEC, 1983). Preliminary estimates indicated
that the species has been potential to produce more than 30,000 kg

* Corresponding author at: Departamento de Biologia Geral, Universidade Estad-
ual de Montes Claros, Campus Prof. Darcy Ribeiro, 39401-089 Montes Claros, MG,
Brazil.

E-mail address: leonardo.ribeiro@unimontes.br (L.M. Ribeiro).

http://dx.doi.org/10.1016/j.indcrop.2016.07.039
0926-6690/© 2016 Elsevier B.V. All rights reserved.

of fruits and 1000 kg of oil per hectare annually under cultivation
(Guedes et al., 2015).

Commercial cultivation and the conservation of natural popula-
tions of A. vitrivir are hampered by a lack of information concerning
their biology (Neves et al., 2013), including seed behavior during
storage. These studies are important for propagation management
and raw material storage for agro-industrial purposes (Besbes et al.,
2004; Hong and Ellis, 1996; Ribeiro et al., 2012).

Hong and Ellis (1996) proposed a widely used protocol for clas-
sifying seed behavior during storage, although the application of
this methodology is difficult with palm trees due to the anatom-
ical characteristics of their diaspores - especially the presence of
a hard endocarp and their pronounced dormancy (Ribeiro et al.,
2012). The use of in vitro embryo cultures to estimate seed viability
has proven useful in studies of some palm species (Dias et al., 2015;
Ribeiro et al., 2012) and may contribute to evaluating seed quality
in A. vitrivir.

The definition of appropriate conditions for oilseed storage
through biochemical assessments is important because triglyc-
erides commonly undergo alterations that reduce their quality
(Edem, 2002; Evaristo et al., 2016; Siles et al., 2013). Fatty acid
profiles are useful for estimating the susceptibility of seeds to
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Fig. 1. A natural population of Attalea vitrivir (A) with bunches of fruits (B). Ripe fruit and seed (C). Transversal section of the fruit showing the epicarp (ep), mesocarp (me),

endocarp (en), and seeds (se) (D).

degradation (Besbes et al., 2004) and for evaluating the suitabil-
ity of their oils for industrial applications (del Rio et al., 2016). The
proportions of free fatty acids indicate the states of oil deteriora-
tion that occurs through processes such as hydrolysis, oxidation,
and fermentation and can significantly limit its use (Miraliakbari
and Shahidi, 2008).

Cryopreservation of orthodox seeds and isolated fragments
of recalcitrant seeds, such as embryos (Sisunandar et al., 2010),
embryonic axes (Corredoira et al., 2004) or plumules (Chmielarz
etal.,, 2011)is important in the ex situ conservation as a backup for
orthodox seeds storage and more efficient and low cost germplasm
storage for recalcitrant seeds (Engelmann, 2004; Hong and Ellis,
1996; Wen and Wang, 2010), although effective protocols are avail-
able for only a few palm species (Dias et al., 2015; Engelmann et al.,
1995; Ngobese et al.,2010). Tolerance to cryopreservation is associ-
ated with seed behavior during storage (Ngobese et al., 2010; Wen
and Wang, 2010), and studies related to this subject with A. vit-
rivir could contribute to seed management for propagation and the
conservation of its genetic resources.

The present study evaluated the quality of A. vitrivir seeds during
storage and cryopreservation in order to: (i) classify seed behav-
ior during storage; (ii) evaluate the effect of storage methods on
embryo viability and oil quality; and, (iii) estimate the potential of

cryopreservation for the conservation of the genetic resources of
this species.

2. Materials and methods
2.1. Collection and storage of fruits and seeds

Attalea vitrivir fruits were collected after natural abscission in
wild populations (Fig. 1a) located in a protected area of Rio Pan-
deiros (APA-Pandeiros) in the municipality of Janudaria in northern
Minas Gerais State, Brazil (15°26'10”'S; 44°40'44""W). The presence
of a yellow abscission scar on the fruits was considered indicative
of recent abscission.

The fruits (Fig. 1B-C) were evaluated in the field, and those
showing signs of predation or microbial attacks were discarded.
Some of the fruits were stored for 365 days under the following
conditions: in the open air under nursery conditions, with the fruits
lying directly on the ground (open air); in the shade in an open shed,
with fruit held in raphe bags (shade); in the shade, with the fruits
held in polyethylene (500 wm thick) bags (shade/polyethylene);
and in a cold chamber at 10 °C (cold chamber). The average annual
temperature at the experiment site was 24.2°C (average maxi-
mum 30.1°C; average minimum 18.4°C), the annual rainfall was
1134 mm, and the average relative humidity of the air was 66%.
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Seeds were harvested from other fruits by cracking the endocarp
with an ax; the seeds were then selected (Fig. 1C-D) and subse-
quently stored for 180 days under the following conditions: in the
shade in paper bags under laboratory conditions at 25 °C (shade);
in the shade hand-held in polyethylene bags under laboratory con-
ditions (shade/polyethylene); and in a cold chamber at 10°C (cold
chamber).

2.2. Evaluations of seed water contents

Before storage, and after 15, 40, 90, 180 and 365 days, the seeds
were removed from the fruits (using a saw and a vise). After deter-
mining their fresh weights, four replicates of 10 seeds were placed
in a drying oven for 24 h at 105°C and their dry weights subse-
quently measured. Water content was calculated considering the
differences between their fresh and dry masses, and expressed
based on fresh mass (Brasil et al., 2009). Isolated seeds had their
water contents determined after 15, 60 and 180 days of storage.

2.3. Evaluations of embryo viability and vigor

Embryo viability was assessed by in vitro germination, and vigor
estimated considering seedling root emission capacity (Ribeiro
et al., 2012). The seeds were removed from the fruits prior to stor-
age and after 90, 180 and 365 days of storage, disinfected using 6%
sodium hypochlorite, rinsed three times with distilled water, and
transferred to a laminar flow chamber. The embryos were removed,
disinfected in a 0.5% Cl solution for 10 min, and then rinsed three
times with sterile distilled water. The embryos were then inocu-
lated into test tubes (12 x 1 cm) containing 2 mL of: MS medium
(Murashige and Skoog, 1962) at 75% of its original concentra-
tion; 0.4 mgL~! thiamine; 1 mgL~! pyridoxine; 0.5 mgL~! nicotinic
acid; 100mgL~! myo-inositol; 0.5gL~! hydrolyzed casein; 3 gL~!
activated charcoal; 30 gL-! sucrose; 6gL~! agar; and the pH was
adjusted to 5.7 (Ribeiro et al., 2012).

The experiment was conducted in a factorial manner (4 storage
methods x 3 storage times); the initial condition was considered
an additional treatment. We used a completely randomized design
with five replicates of 10 test tubes with one embryo in each. The
test tubes were kept in a germinator in the absence of light at 30°C
for 30 days. Successful germination was considered to be a greater
than 50% elongation of the initial embryo length, as well as the
number of seedlings emitting roots (Ribeiro et al., 2012). Isolated
seeds were evaluated by the same procedure after 60 and 180 days
of storage. In this case, the experiment was conducted in a facto-
rial scheme (3 storage methods x 2 storage times), considering the
initial condition as an additional treatment. In both experiments,
the numbers of germinated embryos and seedlings showing root
emission were converted to percentages and arcsine transformed
for analysis of variance; the means were compared using the Tukey
test, at a 5% probability level.

2.4. Evaluations of the free fatty acid content of the oil by its acid
value

Seeds extracted from fruits before storage, and after 15, 40, 90,
180 and 365 days, were placed in polyethylene bags and frozen at
—20°C until the oil was extracted. Oil was extracted by mechani-
cally pressing the seeds in an adapted bench vise. Samples of 0.1 g
oil were titrated using 0.01 N NaOH, with phenolphthalein as the
indicator. The free fatty acid contents were calculated based on
the molecular weight of oleic acid (Instituto Adolfo Lutz, 1985).
Four replicates were used per treatment, and the titrations were
performed in triplicate.

The experiment was conducted in a factorial scheme (4 stor-
age methods x 5 storage times). For isolated seeds, the evaluations

were performed at 15, 60 and 180days in a factorial scheme (3
storage methods x 3 storage times). In both evaluations the initial
condition was considered as an additional treatment. The data were
submitted to analysis of variance, and Tukey’s test (at 5% probabil-
ity) was used to compare the means.

2.5. Evaluations of fatty acid profiles

Oils were obtained from seeds prior to storage, and after fruit
storage for 15, 40 and 365, as described above; the lipids extracted
using a chloroform-methanol mixture (Folch et al., 1957). The lipid
fraction was suspended in a methanolic solution of 10% potassium
hydroxide (KOH) and saponified for 10 min at 90 °C. The saponifi-
able organic phase was then separated and filtered, the extract
dried under liquid nitrogen, and the fatty acids esterified using
a methanolic solution of 14% BF3 for 3min at 90°C. The fatty
acid profiles were obtained using a gas chromatograph (7890A
GC, Agilent Tecnhologies, Santa Clara, USA) equipped with an
electron-impact ionization detector (GC-MS) and a DB-5MS capil-
lary column (Agilent Technologies, 30 m length x 0,25 mm internal
diameter x 0.25 pm film thickness), He was used as the carrier gas.
The samples were analyzed in triplicate, with four replicates for
each treatment.

The effects of storage methods and times on saturated fatty acid
contents and the percentages of the three predominant fatty acids
were evaluated. For isolated seeds, the evaluations were carried out
after 15 and 180 days. The experimental design and statistical anal-
yses were similar to those described for evaluating the percentages
of free fatty acids.

2.6. Cryopreservation of seeds and embryos

Seeds were obtained from freshly harvested fruits, sterilized as
previously described, and stored in the shade; their water contents
were monitored daily until reaching 5% (Hong and Ellis, 1996). Part
of the seed lot was then wrapped in aluminum foil and stored for 90
days: at —20 °C, with prior freezing in liquid nitrogen for 5 minutes
(fast freezing); at —20°C (slow freezing); or at room temperature
(average 25 °C) for 90 days. The same conditions were used for stor-
ing isolated embryos held in eppendorf tubes; additional samples
were also stored at —196°C in liquid nitrogen. After storage, the
seeds and embryos were thawed at 25°C, for 24 h. In the case of
the embryos frozen in liquid nitrogen, thawing was conducted by
maintaining them first at —20 °C for two hours and then at 25 °C for
24 h.

After 90 days, the seeds of each treatment were sterilized as
described above and placed in polyethylene containers to ger-
minate (with sterilized vermiculite moistened to 80% retention
capacity with distilled water). The seeds were then kept in ger-
mination chamber at 30°C, in the dark, for 60 days. Evaluations
of germination (considering the protrusion of cotyledonary peti-
ole, the indicative of the completion of germination in palm seeds)
were made weekly (Ribeiro et al., 2012); the seeds that did not ger-
minate were subjected to the tetrazolium test (Ribeiro et al., 2010).
The experiment was established in a randomized design, with four
treatments (storage conditions and the initial condition) with five
replicates of twenty seeds each.

The embryos were subjected to in vitro culture after storage as
previously described. The experiment was established in a random-
ized block design, with five treatments (storage conditions and the
initial condition) with five replicates of 10 embryos each. The incu-
bation conditions, the criteria for the evaluations of germination
and root emission, and statistical analyzes were the same as those
described previously for the fruit storage experiment.
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Fig. 2. Water content of Attalea vitrivir seeds obtained from stored fruits (A). Water
contents of isolated stored seeds (B). The same letters indicate no significant dif-
ferences between the storage times, using the Tukey test, at 5% probability. Capital
letters indicate the effects of time within each storage condition, and lowercase
letters indicate the effects of the storage condition within each time period. Aster-
isks indicate significant differences as compared to initial conditions. Vertical bars
indicate standard errors of the means.

3. Results
3.1. Water content

The seeds showed an 8.3% water content before storage. There
were decreases in seed water contents after 15 days when the fruits
were stored in the shade, and after 365 days in the cold cham-
ber; the water contents of seeds stored in the shade/polyethylene
remained constant (Fig. 2A). Storage in the open air resulted in
greater variations in water contents due to natural rainfall events.
At the end of the experiment, the fruits stored in the shade showed
lower water contents when compared to the other treatments. The
water contents of the isolated seeds stored in the cold chamber
remain constant during the evaluation period. Seed water contents
decreased during storage in the shade after 60 days, and in the
shade/polyethylene after 180 days (Fig. 2B).

3.2. Embryo viability and vigor

There were no effects of fruit storage time on the germinabil-
ity of their embryos, which averaged 96.6%. Fruit storage in the
shade/polyethylene and in the cold chamber provided higher
embryo germination rates that storage in the shade (Fig. 3A). Root
emission capacity by seedling attained higher values when the
fruits were stored for 180 days (Fig. 3B), and root emissions were
not influenced by the storage method (Fig. 3C).

Storage of isolated seeds in the shade/polyethylene decreased
embryo germination, which was initially 100% after 180 days
(Fig. 3D). The root emission capacity of seedlings increased with

storage time (Fig. 3E), with storage in the shade giving better results
than storage in a cold chamber (Fig. 3F).

3.3. Oil free fatty acid contents

All of the fruit storage methods resulted in increased oil acid-
ity relative to the initial condition (0.87%), with the highest values
resulting after storage in the open air (Fig. 4A), although the max-
imum acid value was still low (<1.6%). Storage in a cold chamber
better preserved oil quality in relation to storage in the open air,
but did not differ from storage in the shade/polyethylene after 40
days. No differential effects of storage methods on acid values were
observed with isolated seeds, with those values increasing over
time and reached a maximum value of 1.2% after 180 days (Fig. 4B).

3.4. Fatty acid profiles

The oils extracted from A. vitrivir seeds had high saturated fatty
acid confidence (average 82.2%) (Fig. 5). The predominant fatty
acids were lauric Cy3.9 (50.8%), oleic Cqg.1 (18.8%), myristic Cy4:9
(14.3%), palmitic Cyg:¢ (8.7%), capric Cqg.9 (4.4%), and stearic Cyg:¢9
(2.8%). Total levels of saturated fatty acid and lauric acid in the oil
increased during fruit storage, with slight decreases in the levels
of myristic and oleic acid (which were not influenced by storage
methods).

Isolated seeds stored in the shade and in a cold chamber (for
15 and 180 days respectively) showed increased levels of saturated
fatty acids in relation to their initial conditions (Fig. 6). In the case
of storage in the shade/polyethylene, the oil showed an increase in
saturated fatty acid content after 15 days, but decreasing by the end
of the study period. Lauric acid levels increased during storage in
the shade after 15 days, during storage in the shade/polyethylene
after 15 days, and during storage in a cold chamber after 180
days (Fig. 7A). The muyristic acid content decreased with storage
in the shade during the entire study period, and during storage
in a cold chamber after 180 days (Fig. 7B), but the oleic acid con-
tent (which decreased over time) was not affected by the storage
method (Fig. 7C).

3.5. Cryopreservation of seeds and embryos

No effects of storage methods on seed germination were
observed, averaging 67%. The tetrazolium test indicated that the
seeds that did not germinate had nonviable embryos. The different
storage conditions used for holding isolated embryos did not show
marked differences between them, nor compared to initial in vitro
germination (mean 84.4%). Embryo storage at room temperature
as well as fast and slow freezing did cause decreased root emission
capacity, however, as compared to initial conditions (Fig. 8).

4. Discussion
4.1. Seed behavior during storage

A. vitrivir seeds demonstrated orthodox behavior in storage. Its
seeds are dispersed with low water contents (below 10%), which
is typical of the orthodox condition. According to criteria estab-
lished by Hong and Ellis (1996), A. vitrivir seeds maintain their
viability when dried to below 5% water content or when stored at
—20°C for 90 days. Even fruit storage in the open air for 365 days,
with the seeds being subjected to large temperature and humidity
variations, did not affect embryo viability. The ability to withstand
dehydration is important for seed survival during storage and under
stress conditions, and is not observed in seeds showing recalcitrant
behavior that are also intolerant of low temperatures (Angelovici
et al., 2010; Hong and Ellis 1996; Tweddle et al., 2003).
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differences as compared to initial conditions.

As palms have wide geographic distributions (Dransfield et al.,
2008), their seeds exhibit a great diversity of behaviors during stor-
age, reflecting their adaptations to many different environments
(Orozco-Segoviaetal., 2003). Seeds of species from savanna regions
or other arid environments, such as Acrocomia aculeata (Jacq.) Lodd.
ex. Mart. and Washingtonia filifera (Linden ex André) H. Wendl. are
usually classified as orthodox (Dickie et al., 1992; Ribeiro et al.,
2012), while seeds of species adapted to moist environments, such
as Euterpe edulis Mart. and Mauritia flexuosa L. F., are commonly
recalcitrant (Panza et al., 2009; Silva et al., 2014). There are, how-
ever, species adapted to a wide variety of environments, such as
Phoenix reclinata Jacq. and Butia capitata (Mart.) Becc., whose seeds
are classified as intermediate because they are tolerant of dehy-
dration but sensitive to low temperatures (Dias et al., 2015; Fintel
et al., 2004). The results obtained in the present study indicated

that the seeds of A. vitrivir follow the most common pattern due
to their orthodox behavior and adaptations to the Cerrado biome
(neotropical savanna) (Neves et al., 2013). It is possible that des-
iccation tolerance has an important role in the interaction of this
species with the highly seasonal climate of the Cerrado and con-
tributes to the formation of persistent soil seed banks (which will be
discussed in future works). Their high tolerance to storage should
facilitate seed handling for artificial propagation.

The observed increases in seedlings root emission capacity with
storage may be associated with alterations of the hormonal bal-
ance of the embryos. The seeds of many species are sensitive to
post-ripening, which implies physiological changes resulting from
the long periods of time (months) that the seeds remain dehydrated
after dispersal (Angelovici et al., 2010; Finch-Savage and Leubner-
Metzger, 2006). Post-ripening is commonly related to overcoming



R.A.D. de Oliveira et al. / Industrial Crops and Products 91 (2016) 332-339 337

Initial

>
(0]
]
®
=
[

mmmm Shade / polyethylene
1.6 === Cold chamber
Aa Aa Aa fa
1.4 A Aa [JABa
Bab Aab | | —AR.L Ab e
1.2 A Ab
Bb

1.0 4 Be
0.8 1
0.6 -
0.4 1
0.2 1

0.0

W  Acid value (% oleic acid)

0 15 40 90 180 365

144 Time (days)

1.0 A
0.8
0.6 1
0.4 -

0.2

Acid value (% oleic acid)

T T

0 15 60 180
Time (days)

Fig. 4. Acid values of Attalea vitrivir seed oils under different methods of fruit (A)
and isolated seed storage (B). The same letters indicate no significant differences
between the storage conditions. In A, the uppercase letters indicate the effects of
time within each storage condition, and the lowercase letters indicate the effects
of the storage conditions within each time period. Asterisks indicate significant
differences in relation to initial conditions.

[ Saturated fatty acids
— Lauric acid
mm Oleic acid

100 - wmm Myristic acid

[{e]
o
:
|>
|>

B B

[o]
o
I

o
o o
L
w
|>
B3

N W B
o O O
L L 1

>

A
0 15 40 365
Time (days)

Fatty acid contents (%)
n
o

-
o
1

o

Fig.5. Levels of saturated fatty acids, as well as lauric, myristic and oleic acids in the
seed oils obtained from the Attalea vitrivir fruits exposed to different storage condi-
tions. For each storage condition, the same letters indicate no significant differences
by the Tukey test, at 5% probability.

dormancy and promoting germination. Although A. vitrivir seeds
show only low levels of dormancy (Neves et al., 2013), it is possible
that hormonal changes occur during storage that facilitate germi-
nation and seedling development, as has been reported for several
other species (Bewley et al., 2013).

The pericarp has an important role in the conservation of the
A. vitrivir seeds, as noted by Neves et al. (2013). We observed that
isolated seeds demonstrated more pronounced effects of storage
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Fig. 6. Levels of saturated fatty acids in the oils obtained from Attalea vitrivir seeds
exposed to different storage conditions. The same letters indicate no significant dif-
ferences between the storage times by the Tukey test, at 5% probability. The capital
letters indicate the effects of time within each storage condition, and the lowercase
letters indicate the effects of the storage condition within each time period. Asterisks
indicate significant differences compared to initial conditions. Vertical bars indicate
the standard errors of the means.

conditions on their germination and on seedling root emission. It is
therefore recommended that seeds should be stored intact within
the fruit at ambient temperatures, as their germination will remain
undiminished for several months - representing a low cost method
that favors seedlings production for commercial plantations, or for
the conservation of natural populations.

4.2. Storage effects on oil quality

The seed oil of A. vitrivir demonstrated substantial stability and
remains well-conserved under different fruit and seed storage con-
ditions. Free fatty acid percentages can be used to evaluate oil
conservation status as measures of the cleavage of the triglyc-
eride carbon chains (Besbes et al., 2004; Evaristo et al., 2016). We
observed little change in the acid numbers during storage, regard-
less of the method used, with maximum values below 1.6%. These
results indicate that A. vitrivir oil will retain the main features nec-
essary for good quality biodiesel production under storage (Evaristo
et al., 2016; Ferrari and Soler, 2015; Martinez et al., 2014).

A. vitrivir oil has a high saturated fatty acid content, mainly due
to the presence of high percentages of lauric acid (which provides
oxidative stability) (Besbes et al., 2004; del Rio et al., 2016). The
fatty acid profile of this oil is very similar to other babassu species
that have been studied (Ferrari and Soler 2015; Santos et al., 2013)
and to the oil of the economically important palm species Elaeis
guineensis Jacq. (Eden, 2002) and A. aculeata (CETEC, 1983). Its high
lauric acid content makes this oil interesting for various industrial
applications such as thermal energy storage (Yuan et al., 2014) as
well as the production of nanoparticles (Mamani et al., 2013) and
construction materials (Cellat et al., 2015).

The increases in the percentages of saturated fatty acids encoun-
tered under most storage conditions are related to the reduction
of oleic acid, which is unsaturated and therefore most vulnera-
ble to degradation (Miraliakbari and Shahidi, 2008). Interestingly,
seed storage under shade/polyethylene conditions gave different
results, which were probably due to oxygen flow restriction and
the consequent reduction in the levels of lipid peroxidation that
maintained the percentages of saturated fatty acids (Besbes et al.,
2004; Siles et al., 2013). It is worth emphasizing that fruit storage
in the shade provided results similar to cold storage at the end of
the 365-day test period in relation to the acid indices and fatty acid
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Vertical bars indicate the standard errors of the means.

profiles —thus indicating a simple and inexpensive method for raw
material storage for agro-industrial use.

4.3. Cryopreservation for the conservation of genetic resources

Both cryopreservation of isolated embryos and seed freezing
show potential for genetic resource conservation in A. vitrivir. Cry-
opreservation has been shown to be an effective technique for
the long-term preservation of the seeds and embryos of palm
species such as E. guineensis and B. capitata (Dias et al., 2015;
Ellis et al., 1991; Grout et al., 1983). The success of this tech-
nique depends on the existence of low tissue water contents that
help prevent cell damage caused by the formation of ice crys-
tals during freezing (Engelmann, 2004; Sisunandar et al., 2010).
The seeds of many palm species that are dehydration-tolerant are
sensitive to low temperatures (Dickie et al., 1992; Orozco-Segovia
etal.,2003).A. vitrivir seeds are dehydration-tolerant until reaching
water contents below 5%, as demonstrated in the storage experi-
ment. Additionally, the isolated embryos and seeds retained their
viability when stored at low temperatures, although there were
decreases in seedling root emission capacity when the seeds were
stored in a cold chamber and when isolated embryos were stored
at —20°C. The storage of isolated embryos at —196 °C and seeds at
—20°C represents a simple and inexpensive method for A. vitrivir
germplasm conservation.

5. Conclusion

A.vitrivir seeds demonstrate orthodox behavior and high storage
tolerance. Its oil has low acidity, a predominance of lauric acid, is
very stable, and retains its quality under different fruit and seed
storage conditions. Cryopreservation of isolated embryos as well
as freezing seeds have potential for use in the conservation of the
genetic resources of this species.
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