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ABSTRACT

The genipap (Genipa americana L.) is a native species of Brazil, found in various regions
of the country, from the North to the South, including Sergipe. On the other hand, the
mangabeira (Hancornia speciosa Gomes), another Brazilian tropical plant, is recognized
for its fruits rich in iron and vitamin C, widely exploited by the pulp, juice, and ice cream
industry. However, it faces threats due to urban development in the coastal region. To
preserve these species, techniques such as cryopreservation are fundamental. This
approach, which maintains plant tissues at ultra-low temperatures, allows the
conservation of genetic material indefinitely, contributing to the maintenance of
biological diversity. Encapsulation technology, which involves enclosing plant material
in a specific matrix, is also promising in this context, offering a long-term preservation
method for plant explants and embryos. These methods represent significant advances in
the field of plant species conservation, providing effective strategies to ensure the survival
of these plants in the face of environmental challenges and human development. The
objective of this review is to address some studies involving cryopreservation techniques
for genipap and mangaba species. Through cryopreservation techniques, we can achieve
ex situ conservation for the germplasm bank as well as for plant regeneration and
reforestation of areas. It is evident that there is a need to increase studies on the
conservation of both species.

Keywords: Genipa americana L, Hancornia speciosa Gomes, cryopreservation,
encapsulation, ex situ conservation.

RESUMO

O jenipapeiro (Genipa americana L.), é uma espécie nativa do Brasil, encontrada em
diversas regifes do pais, desde o Norte até o Sul, incluindo Sergipe. J& a mangabeira
(Hancornia speciosa Gomes), outra planta tropical brasileira, é reconhecida por seus
frutos ricos em ferro e vitamina C, amplamente explorados pela indUstria de polpas, sucos
e sorvetes. No entanto, enfrenta ameacas devido ao desenvolvimento urbano na regido
costeira. Para preservar essas espécies, técnicas como a criopreservacdo Ssdo
fundamentais. Essa abordagem, que mantém tecidos vegetais em temperaturas
ultrabaixas, possibilita conservar o material genético por tempo indefinido, contribuindo
para a manutencdo da diversidade biol6gica. A tecnologia de encapsulamento, que
envolve material vegetal em uma matriz especifica, também é promissora nesse contexto,
oferecendo uma forma de preservacao de longo prazo para explantes e embrides vegetais.
Esses métodos representam avangos importantes no campo da conservacdo de espécies
vegetais, fornecendo estratégias eficazes para garantir a sobrevivéncia dessas plantas em
face dos desafios ambientais e do desenvolvimento humano. Como objetivo esta revisdo
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aborda alguns trabalhos que envolvem estudos sobre as técnicas criopreservacao para as
espécies jenipapeiro e mangabeira. Através das técnicas de criopreservagao conseguimos
aconservagao ex situ para o banco de germoplasma e também para regeneracao de plantas
desta, e o reflorestamento de areas. Percebe-se que precisa aumentar os estudos sobre a
conservacao das duas espécies.

Palavras-chave: Genipa americana L., Hancornia speciosa Gomes, criopreservagéao,
encapsulamento, conservagao ex situ.

RESUMEN

La genipapa (Genipa americana L.) es una especie nativa de Brasil, encontrada en
diversas regiones del pais, de Norte a Sur, incluyendo Sergipe. Por otro lado, la
mangabeira (Hancornia speciosa Gomes), otra planta tropical brasilefia, es reconocida por
sus frutos ricos en hierro y vitamina C, ampliamente explotados por la industria de pulpas,
jugos y helados. Sin embargo, enfrenta amenazas debido al desarrollo urbano en la region
costera. Para preservar estas especies, técnicas como la criopreservacion son
fundamentales. Este enfoque, que mantiene los tejidos vegetales a temperaturas
ultrabajas, permite la conservacion del material genético de forma indefinida,
contribuyendo al mantenimiento de la diversidad bioldgica. La tecnologia de
encapsulacion, que consiste en encerrar material vegetal en una matriz especifica,
también es prometedora en este contexto y ofrece un método de conservacion a largo
plazo para explantes y embriones de plantas. Estos métodos representan avances
significativos en el campo de la conservacion de especies vegetales, proporcionando
estrategias efectivas para asegurar la supervivencia de estas plantas frente a los desafios
ambientales y del desarrollo humano. EIl objetivo de esta revision es abordar algunos
estudios que involucran técnicas de criopreservacion para especies de genipapa y
mangaba. A través de técnicas de criopreservacion podemos lograr la conservacion ex
situ para el banco de germoplasma asi como para la regeneracion vegetal y reforestacion
de areas. Es evidente que existe la necesidad de incrementar los estudios sobre la
conservacion de ambas especies.

Palabras clave: Genipa americana L, Hancornia speciosa Gomes, criopreservacion,
encapsulacién, conservacion ex situ.

1 INTRODUCTION

Genipa americana L., commonly known in Brazil as jenipapeiro or jenipapo
(RUZZA et al., 2020), stands out as a native but not endemic species of Brazil and occurs
in the North, Northeast, Midwest, Southeast, and South regions of Brazil (GOMES,
2015), in various Brazilian states, including Sergipe, which sparks the need for studies,

as it has been used in restoration programs for degraded areas by the Restoration Group
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of the Federal University of Sergipe (SANTOS et al., 2011). It has a tree habit, which can
reach up to 25 m in height, and is distributed from Amapa to S&o Paulo and Mato Grosso,
being cultivated in orchards throughout the country, including the southern states
(CORREA, 1984).

Mangabeira (Hancornia speciosa Gomes) is a tropical fruit plant native to Brazil
and found in various regions of the country, from the Coastal Tablelands and Low Coastal
Plain of the Northeast to the cerrados of the Midwest, North, and Southeast regions.
FONSECA et al. (2003) classified mangabeira as belonging to the Apocynaceae family.
It is a latex-producing plant, its fruits are rich in iron and also a good source of vitamin
C, presenting an incomparable flavor and aroma, being the main product exploited by
pulp, juice, and ice cream industries. The fact that mangabeira is on the list of endangered
species due to the increasing development of the construction industry in the coastal
region makes cryopreservation techniques an ally for the preservation of this species
(SARTOR et al., 2012).

Its basic definition is the aseptic cultivation of any living part of the plant
(explants) consisting of tissue fractions, organs, or even cells in suspension in a synthetic
culture medium (nutrients, growth regulators, etc.) under controlled conditions of
temperature, humidity, and luminosity, to generate a new plant (LAMEIRA et al., 2000).

Cryopreservation of plant genetic materials enables the conservation of
meristems, embryos, seeds, and other plant tissues for an indefinite period. This
laboratory method is pioneering in the southern region for the conservation of
germplasms at ultra-low temperatures (-196°C) within liquid nitrogen tanks. This
technique halts the plant's growth and subsequent multiplication, enabling the formation
of a germplasm bank in a reduced space (SARTOR et al., 2012). The exposure of plants
to nitrogen, in addition to conservation, can eliminate viral particles from plant tissues, a
technique called cryotherapy (LIMA, 2014).

It can be used for all types of explants, such as: meristems, cell suspensions,
embryos (somatic, zygotic, or nucellar), and protoplasts. Generally, smaller structures are
more suitable for freezing, as dehydration and freezing occur more quickly and uniformly

in smaller structures. Various techniques are being studied in search of better storage
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conditions, with the main one being based on reducing metabolism, either by removing
water and/or lowering temperature (KOHOMA et al., 2006). According to TOWILL
(2002), the efficiency of the cryopreservation process will depend on the results obtained
in each of the following stages: preparation of the material, cryopreservation, and thawing
of the material. The major challenge for cryopreservation is to freeze without the
formation of ice crystals inside the cells.

There are different cryopreservation techniques, and the choice among them
depends on the species and explant to be cryopreserved (PANIS & LAMBARDI, 2005).
One of the recently developed cryopreservation techniques is droplet vitrification, which
involves pretreating the explants with vitrification solution before they are placed on
strips of aluminum foil with a drop of Plant Vitrification Solution 2 (PVS2) and then
immersed in liquid nitrogen (ENGELMANN, 2011).

The encapsulation technology or synthetic seeds, developed by Kitto & Janick
(1982), was based on the use of somatic embryos as functional seeds, which consists of
encapsulating plant material such as shoot apices or lateral buds in a matrix of sodium
alginate and calcium chloride. FEBRE & DEREUDDRE (1990) conducted studies with
the aim of combining cryopreservation with synthetic seed technology. Initially, synthetic
seeds were proposed for somatic embryos, which can be stored short-term in cold
chambers and/or sown directly in soil (FIGUEIREDO et al., 2018; SILVEIRA & SIBOV,
2019). Over time, other protocols have emerged, using synthetic seeds for the
conservation and/or preservation of explants, such as microshoots, axillary buds, and
shoot apices (BENELLI et al., 2013; AHMED et al., 2015). When sown under in vitro
and ex vitro conditions, synthetic seeds have the ability to regenerate and form a new

plant, maintaining this potential even after storage (ARA et al., 2000).

2 CRYOPRESERVATION TECHNIQUES

There are several cryopreservation techniques available, and the choice among
them depends on the species and type of explant to be preserved (PANIS & LAMBARDI,
2005). One of these techniques is droplet vitrification, which involves a series of

important steps including pretreatment, preconditioning, preculture, osmoprotection,
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dehydration, cooling, warming, and protection (SAKAI et al., 2008). The application of
a vitrification solution (PVS - Plant Vitrification Solution) to explants is one of the most
significant advancements in this field and involves the use of a mixture of cryoprotectants
(ENGELMANN, 2011). The most common solutions for plant species are PVS2,
composed of 30% glycerol, 15% ethylene glycol, 15% DMSO, and 0.4 M sucrose, and
PVS3, composed of 50% glycerol and 50% sucrose, optionally in liquid MS medium
(NISHIZAWA et al., 1993).

Vitrification is a physical process that occurs at extremely low temperatures,
where cellular content freezes due to the presence of a highly concentrated solution of
cryoprotectants. During this process, cellular content transitions from a liquid to a
vitreous state, without the formation of ice crystals. This phenomenon occurs because,
during freezing, solutes inside cells concentrate, maintaining osmotic balance with the
external environment and protecting tissue from excessive dehydration, thereby
preserving cellular volume. Additionally, freezing leads to a metabolic block, preventing
molecular diffusion inside and outside cells and avoiding the formation of ice crystals
(ARMITAGE & RICH, 1990).

This transition to the vitrified state allows the material to tolerate rapid
temperature variations during cooling and warming, maintaining cellular stability during
storage in liquid nitrogen. This stability is crucial to prevent physical and chemical
alterations during the dehydration process (ARNAO et al., 2008). Vitrification techniques
are derived from this natural process and are achieved by dehydrating tissues through
artificial exposure to concentrated solutions of chemical cryoprotectants during
pretreatment (ENGELMANN, 2004; SOUZA et al. 2023). Currently, different
vitrification protocols are being developed, varying in the composition of cryoprotectant
solutions and exposure time, adapting to the characteristics of each species.

This technology encapsulation is becoming an important tool in studies on
multiplication and preservation of genetic material through in vitro cultivation. The
encapsulation process has proven to be an effective strategy for maintaining genotypes
under in vitro conditions, especially through cryopreservation (PERREIRA et al., 2008).

Several approaches have been developed to improve the preservation of synthetic seeds,
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with notable mention of encapsulation-vitrification and encapsulation-dehydration, as
highlighted by renowned researchers (WANG et al., 2005; PINTOS et al., 2008; RAI et
al., 2009). Generally, research in this area focuses on the use of somatic embryos as a
source of explants, while studies exploring other types of explants as encapsulable units
are still limited.

Sodium alginate, derived from seaweed, has been widely used as an encapsulating
agent due to its solubility at room temperature, ability to form a permeable gel, and
characteristics of low cost and easy handling (NOGUEIRA, 2010). The alginate matrix
surrounding the propagules provides protection to somatic embryos, facilitates storage,
transportation, and conversion into plants. This technique has been continuously
improved to allow the incorporation of various elements into the encapsulation matrix,
including phytohormones, nutrients, and vitamins (GUERRA et al., 2001). However, the
resistance of the alginate hydrogel can hinder the rupture of capsules by encapsulated
explants, requiring additional steps to facilitate this process, such as decomplexation with
potassium nitrate (MONDO & CICERO, 2008). These aspects are crucial for the
development and effective application of synthetic seed technology.

Recently developed adaptive techniques, such as encapsulation/vitrification or
encapsulation/dehydration, involve enclosing the explant in a sodium alginate capsule
before dehydration. These techniques allow the use of higher concentrations of
cryoprotectants during preculture, resulting in greater tolerance to dehydration. The
sodium alginate capsule provides protection and supplies nutrients during all pretreatment
stages (PEREIRA et al., 2008; NASCIMENTO et al., 2020).

3 MAIN RESULTS PUBLISHED

There are few existing studies published on the long-term conservation of genipap
and mangaba species. SARTOR et al. (2012) aimed to cryopreserve apical and lateral
buds of mangaba using vitrification and encapsulation-dehydration techniques. In the
vitrification method, concentrations of sucrose (0, 0.25, 0.5, and 0.75 M) and dimethyl
sulfoxide (DMSO) (0, 5, 10, and 15%) were used to aid in the dehydration of the material,

followed by freezing the buds in liquid nitrogen for five days and then cultivating them
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in a regeneration medium. For the encapsulation-dehydration technique, capsules were
formed using solutions of alginate gel (5%) and calcium chloride (0.2 M), with
dehydration periods of 0, 1, 2, and 3 hours in a laminar flow chamber. It was observed
that encapsulated buds frozen in liquid nitrogen did not regenerate when sub-cultured in
nutrient medium; the buds that survived vitrification were those subjected to DMSO and
sucrose and subsequently cultivated in Wood Plant Medium (WPM), showing better
regeneration for concentrations of 5% DMSO and 0.5 M sucrose, respectively.

SANTANA et al. (2022) evaluated the viability of cryopreserving apical buds of
mangaba using the droplet vitrification technique. In Experiment I, when comparing the
regeneration percentage with the control treatment (without cryopreservation NL-), it was
observed that the AB accession presented 100% surviving explants on the 30th day of
cultivation when subjected to 30 minutes of exposure to PVS2 solution (30% (v/v)
glycerol, 15% (v/v) ethylene glycol, and 15% (v/v) DMSQO). This result suggests that the
PVS2 solution was not toxic or deleterious to the AB accession, at least during this
exposure period. In Experiment 11, it was observed that the Japaratinga (JA) accession
had a lower rate of dead explants and a higher rate of surviving explants compared to the
Terra Caida (TC) accession on days 30 and 60 of cultivation. However, regarding the
number of oxidized explants, the JA accession proved to be more susceptible to the effects
of oxidative stress during the droplet vitrification process, registering rates of 67% and
80% on days 30 and 60 of cultivation, respectively. The authors highlight the need for
adjustments in the concentrations of post-culture medium components to achieve higher
regeneration rates.

SANTOS et al. (2015) performed cryopreservation techniques in mangaba
(Hancornia speciosa Gomes) to establish a protocol for long-term storage. Their main
objective was to evaluate the efficiency of droplet vitrification and vitrification in
cryopreserving shoot apices of mangaba. The regrowth of mangaba apices cryopreserved
by the droplet vitrification technique was evaluated using different treatment times with
the vitrification solution (15, 30, 45, and 60 min.) and subjected to different pre-culture
periods (absence, 24, or 48h) in a medium with 0.3 M sucrose before cryopreservation.
In addition to this technique, the effect of the classic vitrification technique using four

Page 8

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA, Curitiba, v.22, n.3, p. 01-18. 2024.




REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA

Curitiba, v.22, n.3, p. 01-18. 2024.
( OBSERVATORIO
DE LA ECONOMIA ISSN: 1696-8352

LATINOAMERICANA

exposure times to the vitrification solution (15, 30, 45, and 60 min.) was evaluated.
Significant differences were observed in the exposure time for both vitrification and
droplet vitrification techniques. For both techniques, the 60-minute immersion time
promoted regrowth of over 70% in the cryopreserved apices. Pre-culture promoted
increased survival of cryopreserved explants. The cryopreservation techniques of shoot
apices by droplet vitrification and vitrification were shown to be viable for prolonged
mangaba conservation.

SA et al. (2015) aimed to evaluate the effect of different dehydration times in a
laminar flow chamber and immersion times in a cryoprotective solution (MS+0.5 M
sucrose) on the regenerative capacity of shoot apices of Genipa americana L. for the
establishment of future cryopreservation protocols. Shoot apices were obtained from
seedlings, Oiteiros accession, germinated and cultivated in vitro. The explants were
subjected to encapsulation and different immersion times in a cryoprotective solution and
dehydration times in a laminar flow chamber. Significant effects of immersion times in
the cryoprotective solution (MS+0.5 M sucrose) and dehydration times in a laminar flow
chamber on the moisture content of shoot apices were observed. Immersion for 24 and 48
hours in the cryoprotective solution reduced the moisture content by 23.31% and 28.47%,
respectively, compared to the initial moisture content of the capsules (66.68%).
Encapsulated shoot apices, regardless of immersion time in the cryoprotective solution,
showed higher moisture content (47.96%). High regeneration rates of encapsulated shoot
apices, immersed in cryoprotective solutions (0.5 M sucrose) and dehydrated in a laminar
flow chamber for 0, 2, and 4 hours, reaching 91%, 67%, 100%, and 91.67% regeneration,
respectively, were observed. Immersion for 24 hours in the cryoprotective solution
(MS+0.5 M sucrose) and dehydration for two hours in a laminar flow chamber showed
potential for use in future encapsulation-dehydration cryopreservation studies.

Studies conducted by SANTOS & SALOMAO (2016) aimed to evaluate the effect
of dehydration and storage in liquid nitrogen (-196°C) on the viability of zygotic embryos
of G. americana L., as a step towards developing a long-term conservation protocol for
this species. Excised embryonic axes from seeds of Genipa americana L. dehydrated to
different water contents were successfully cryopreserved by quickly immersing seed
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samples directly in liquid nitrogen. Control and cryopreserved embryonic axes were
excised and cultured in WPM culture medium to assess viability. All control embryonic
axes (LN2-) excised from fully hydrated seeds (43.89% moisture) germinated after 21
days of in vitro cultivation. These high germination percentages persisted even after
irrigation. When the moisture content of the seeds was as low as 6.79%, germination
percentages of 93%, 96%, and 93% were observed after freezing in liquid nitrogen for
embryonic axes excised from seeds dehydrated to 13.26%, 9.57%, and 6.79% moisture,
respectively.

FIGUEIREDO et al. (2018) aimed to attempt genipap conservation using
encapsulable unit storage and slow growth techniques. They used nodal segments of the
Genipa americana plant and subjected them to different storage methods, including
encapsulation and slow growth, as part of a conservation study. In the case of
encapsulation, the effects of different concentrations of sodium alginate (3% and 4%),
pre-treatment with sucrose solutions (0, 0.25, and 0.50 M), and storage temperatures (8°C
and 15°C) over 30 days, with subsequent evaluation of capsule integrity after 50 days,
were investigated. For slow growth, different concentrations of sucrose (30, 45, and 60 g
L-1) and storage temperatures (8°C and 15°C) after 90 and 180 days, with analysis of
survival, regeneration, aerial part length, number of shoots, and leaves were tested. Only
encapsulated units stored at 15°C were able to survive, with better capsule integrity
observed at this temperature with pre-treatment of 0 M sucrose. In the case of slow
growth, the 8°C temperature did not allow explant survival. Consequently, the best results
after 180 days were obtained at 15°C with the addition of 60 g L-1 sucrose to the culture
medium. Therefore, the experiments indicate the feasibility of species storage using these
techniques.

Nascimento et al. (2020) aimed to investigate the impact of dehydration duration
on the regeneration capacity of embryonic axes of two jenipapo accessions (Umbaiba
and Nucleo Bandeirante). Seeds were subjected to different dehydration periods in a
polycarbonate box with silica gel, ranging from 0, 12, 16, and 20 hours, at room
temperature. After each period, the seed moisture content was determined. Subsequently,
the seeds were inoculated on germination medium, and samples were prepared in
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cryotubes and immersed in liquid nitrogen at -196°C. Dehydration using silica gel
effectively reduced the moisture content in both accessions. Umbauba accession
exhibited 100% germination in all dehydration treatments prior to cryopreservation, while
the Nucleo Bandeirante accession proved to be more sensitive, with only 10%
germination after 20 hours of dehydration. A reduction in growth variables of the
Umbauba accession was observed with increased dehydration time, while the treatments
did not affect the growth variables of the Nucleo Bandeirante accession. Despite the
changes observed in the ultrastructure of the embryonic axes, dehydration did not have a
significant impact on the percentage of regeneration of cryopreserved accessions.

There are currently no results for droplet vitrification in genipap, due to its seeds
having moderate tolerance to dehydration during storage. They can be dried to a level of
about 10.0% moisture without a significant reduction in germination rate. However, when
the moisture content of genipap seeds is reduced to levels equal to or less than 11.7%,
this can increase the average germination time due to the difficulty of water absorption
by the seed. Furthermore, freezing genipap seeds, regardless of their moisture content,
compromises germination capacity and may induce or exacerbate seed dormancy.
However, there is little information on genipap seed tolerance to freezing (SANTOS &
SALOMAO, 2016), and there is currently no well-established cryopreservation protocol
for this species using seeds as material (SANTOS & SALOMAO, 2023).
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Table 1: Main cryopreservation technique articles published with genipap and mangaba.

TITLE SPECIE EXPLANT TECHNIQUE (S) RESULTS REFERENCES

Techniques for cryopreserva- Hancornia speci- Apical and lateral Cryopreservation The highest regeneration rates in SARTOR et al. (2012)
tion of mangaba buds osa Gomes buds NL were observed with concen-

trations of 5% DMSO and 0.5 M

sucrose
Encapsulation, cryoprotection, Genipa americana Shoot tips Encapsulation, Cryoprotection, Immersion for 24 and 48 hours SA et al. (2015)
and dehydration on the regener- L. and Dehydration." in the cryoprotective solution
ative capacity of shoot tips of (MS medium + 0.5M sucrose)
Genipa americana reduced capsule moisture to

23.31% and 28.47%, respec-
tively. Regeneration rates in NL
were high for encapsulated shoot
tips, ranging from 91% to 100%

Cryopreservation of the man- Hancornia speci- Shoot tips Cryopreservation The immersion time of 60 SANTOS et al. (2015)
gaba tree (Hancornia speciosa osa Gomes minutes for vitrification tech-
Gomes): a protocol for long- niques resulted in a growth re-
term storage. sumption of over 70% in cryo-
preserved shoot tips
Viability assessment of Genipa  Genipa americana Embryonic axes Cryopreservation High germination rates (93%, SANTOS & SALOMAO
americana L. (Rubiaceae) em- L. 96%, and 93%) were observed (2016)
bryonic axes after cryopreser- for the embryonic axes after NL
vation using in vitro culture. from dehydrated seeds, with

moisture content of 13.26%,

9.57%, and 6.79%, respectively
Conservation of Genipa ameri-  Genipa americana Nodal segments Encapsulation and Dehydra-  After 180 days, the best results FIGUEIREDO et al. (2018)
cana: encapsulation and slow L. tion. were observed at 15°C with the
growth techniques addition of 60 g L*! of sucrose

to the culture medium
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Long term conservation of em-  Genipa americana Embryonic axes Dehydration duration on the re- The Umbauba accession sho- NASCIMENTO et al.
bryonic axes of genipap acces- L. generation capacity wed high germination (100%), (2020)
sions while the Nticleo Bandeirante

accession had low germination

(10%) after 20 hours of

dehydration. Umbatba had its
growth affected by dehydration,
unlike Nicleo Bandeirante

Effects of droplet vitrification Hancornia speci- Shoot tips Cryopreservation The PVS; solution did not harm SANTANA et al. (2022)
on the regeneration of apical osa Gomes the AB accession. The JA acces-
tips of mangaba accessions sion had more surviving ex-

plants than the TC accession on
days 30 and 60 of culture. How-
ever, the JA accession was more
affected by oxidative stress,
showing higher rates of oxi-
dized explants on the same days

Source: Authors
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4 CONCLUSION

Jenipapo and mangaba, due to their significant socioeconomic importance,
primarily in the utilization of fruits for making sweets and juices, have been increasingly
studied to enable the storage of different accessions to ensure the species' survival in the
event of any disaster in field Gene Banks. In light of the studies conducted, we realize
how important the use of cryopreservation techniques is to protect and keep plant species
like jenipapo and mangaba under security conservation.

These techniques not only help us conserve the genetic diversity of plants but can
also be a lifeline for species at risk of disappearing, such as the mangaba. However, the
results also remind us that there is still much to learn and refine in these techniques. Each
plant has its own needs and peculiarities, and it is essential to adjust the methods
according to these characteristics to ensure they survive and can regenerate properly after
the cryopreservation process.

These studies show us that there is hope and potential in cryopreservation
techniques, but they also highlight the ongoing importance of research and improvement
in these techniques to ensure that we can effectively protect our precious plants and all
the genetic wealth they carry.

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA
Curitiba, v.22, n.3, p. 01-18. 2024.

ISSN: 1696-8352

Page 14

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA, Curitiba, v.22, n.3, p. 01-18. 2024.




REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA

Curitiba, v.22, n.3, p. 01-18. 2024.
‘ OBSERVATORIO
DE LA ECONOMIA ISSN: 1696-8352

LATINOAMERICANA

REFERENCES

ARA, H.; JAISWAL, U.; JAISWAL, V. S. Synthetic seeds: perspectives and limitations.
Current Science, v. 78, p. 1438-1444, 2000.

ARMITAGE, W. J., RICH, S. J. Vitrification of organized tissues. Cryobiology, v. 27,
p. 483-491, 1990.

ARNAO, M.T.G.; PANTA, A.; ROCA, W.M.; ESCOBAR, R.H.; ENGELMANN, F.
Development and large-scale application of cryopreservation techniques for shoot and
somatic embryo cultures of tropical crops. Plant Cell Tissue Organ Culture, v. 92, p.1-
13, 2008.

AHMED, M. D. R.; ANIS, M.; AL-ETTA, H. A. Encapsulation technology for
short-term storage and germplasm exchange of Vitex trifolia L. Rendiconti Linceli, v.
26, n. 2, p. 133-139, 2015.

BENELLI, C.; CARLO, A.; ENGELMANN, F. Recent advances in the cryopreservation
of shoot-derived germplasm of economically important fruit trees of Actinidia,
Diospyros, Malus, Olea, Prunus, Pyrus and Vitis. Biotechnology Advances, v. 31, p.
171-185, 2013.

CARVALHO, J. E. U. DE; NASCIMENTO, W. M. O. DO SENSITIVITY OF JENIPAP
SEEDS (Genipa americana L.) TO DEHYDRATION AND FREEZING. Revista
Brasileira de Fruticultura. Jaboticabal - SP. v. 22. 11. I. p. 53-56. abril 2000.

CORREA, P. M. Dictionary of useful plants of Brazil and cultivated exotics. Rio de
Janeiro: IBDF, 1984.

DELPRETE, P. G.; SMITH, L. B.; KLEIN, R. M. lllustrated Flora of Santa Catarina:
Rubiaceae. Itajai: Herbario Barbosa Rodrigues, 2005.

DJERASSI, C.; GRAY, J. D.; KINCL, F. A. Naturally occurring oxygen heterocyclies:
isolation and characterization of genipin. The Journal of Organic Chemistry, v. 25, p.
2174-2177, 1960.

ENGELMANN, F. Use of biotechnologies for the conservation of plant biodiversity. In
Vitro Cell & Developmental Biology-Plant, Berlin, v. 47, n. 4, p. 5-16, 2011.

FEBRE, J.; DEREUDDRE, J. Encapsulation-dehydration: A new approach to
cryopreservation of solanum shoot-tips. Cryoletters, v. 11, p. 413-426, 1990.

FIGUEIREDO, J. R. M.; PAIVA, P. D. O.; PAIVA, R.; DA SILVA; D. P. C;
MESQUITA, R.; DE FARIAS, C. V. N.; REIS, M. V. Conservation of Genipa
americana: encapsulation and slow growth techniques. Revista eletronica da
Universidade Vale do Rio Verde, v. 16, n. 1, 2018.

FONSECA, F. K. P.; LEMOS, E. E.; OLIVEIRA, G. L.; ALENCAR, L. M. C. Effect of
hormonal balance on organogenesis and multiplication of shoots of Hancomia speciosa
Gomes in vitro. In: Brazilian Symposium on the Cultivation of Mangaba, 2003, Aracaju.

Page 15

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA, Curitiba, v.22, n.3, p. 01-18. 2024.



REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA

Curitiba, v.22, n.3, p. 01-18. 2024.
‘ OBSERVATORIO
DE LA ECONOMIA ISSN: 1696-8352

LATINOAMERICANA

Annals. Aracaju: Embrapa Coastal Tablelands, 2003. CD-ROM. Expanded Abstracts
Section.

GOMES, M. Genipa Flora and Fungi of Brazil. Rio de Janeiro Botanical Garden, 2015.
Available at: https://floradobrasil.jbrj.gov.br/FB14045. Accessed on: Feb 13, 2023.

GUARNACCIA, R.; MADYASTHA, K. M.; TEGTMEYER, E.; COSCIA, C. J.
Geniposidic acid, an iridoid glucoside from Genipa americana. Tetrahedron Lett, v. 50,
p. 5125-5127, 1972.

GUERRA, M. P.; DAL VESCO, L. L.; DU CROQUET, P. H. J.; NODARI, R.; REIS, M.
S. Somatic embryogenesis in goiabeira serrana: genotype response, auxinic hock and
synthetic seeds. Revista Brasileira de Fisiologia Vegetal, v. 13, n. 2, p. 117-128, 2001.

JENSEN, S. R. Iridoids in Rothmannia globosa. Phytochemistry, v. 22, p. 1761-1765,
1983.

KITTO, S. K.; JANICK, J. Polyox as an artificial seed coat for asexual embryos.
Horticultural Science, v. 17, p. 488, 1982

KOHOMA, S.; MALUF, A. M.; BILIA, D. A. C. Drying and storage of seeds of Eugenia
brasiliensis Lam. (Grumixameira). Revista Brasileira de Sementes, Pelotas, v. 28, n. 1, p.
72-78, abr. 2006.

LAMEIRA, O. A.; LEMOS, O. F.; MENEZES, I. C. de; PINTO, J. E. B. P. Tissue
culture (manual). Belém: Embrapa Amazo6nia Oriental, 2000.

LIMA, F. Cryopreservation of plants is a novelty at EMBRAPA. Technology allows
for the conservation of meristems, embryos, seeds, or other plant tissues indefinitely.
Embrapa Temperate Climate, 2014.

MONDO, V. H. V.; CICERO, S. M. Aspects of synthetic seed technology. Informativo
Abrates, v. 18, n. 1, 2, 3, p. 23-29, 2008.

NASCIMEN'[O, C. M. DO; OLIVEIRA, L. A.R. DE; SILVA, A. V. C. DA; CASTRO,
E. M. DE; LEDO, A. DA S. Long term conservation of embryonic axes of genipap
accessions. Scientia Plena, 16(2), 2020.

NISHIZAWA, S.; SAKAI, A.; AMANO, Y.; MATSUZAWA, T. Cryopreservation of
asparagus (Asparagus officinalis L.) embryogenic suspension cells and subsequent plant
regeneration by vitrification. Plant Science, v. 91, n. 1, p. 67-73, 1993.

NOGUEIRA, G. F. Cryopreservation and in vitro synthetic seed production of mangaba.
2010. 72p.:il. Dissertation (Master's) — Federal University of Lavras, UFLA, UFLA,
Minas Gerais, 2010.

PANIS, B.; LAMBARDI, M. Status of cryopreservation technologies in plants: crops and
forest trees. In: Eletronic forum on biotechnology in food and agriculture, 13., 2005,
Rome. Proceedings. Rome: FAO, 2005.

Page 16

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA, Curitiba, v.22, n.3, p. 01-18. 2024.


https://floradobrasil.jbrj.gov.br/FB14045

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA

Curitiba, v.22, n.3, p. 01-18. 2024.
‘ OBSERVATORIO
DE LA ECONOMIA ISSN: 1696-8352

LATINOAMERICANA

PEREIRA, J. E.; GUEDES, R. D. S.; COSTA, F. H. D. S.; SCHMITZ, G. C. B.
Composition of the encapsulation matrix in the formation and conversion of synthetic
seeds of long pepper. Horticultura Brasileira, v.26, p. 93-96, 2008.

PINTOS, B., BUENO, M. A., CUENCA, B., & MANZANERA, J. A. Synthetic seed
production from encapsulated somatic embryos of cork oak (Quercus suber L.) and
automated growth monitoring. Plant Cell, Tissue and Organ Culture, v. 95, p. 217-225,
2008.

RAI, M. K.; ASTHANA, P.; SINGH, S. K.; JAISWAL, V. S.; JAISWAL, U. The
encapsulation technology in fruit plants—a review. Biotechnology Advances, v. 27, p.
6, p. 671-679, 2009.

REVILLA, J. Plants of the Amazon. Manaus: Business and Technology Development
Program, 2001.

RUZZA, D. A.C.; ROSSI, A. A. B.; FERNANDES, J. M.; DE PEDRI, E. C. M.; TIAGO,
A. V., BISPO, R. B.; MARTINS, K. C. Ethnobotany of jenipapo (Genipa americana L.,
Rubiaceae) among farmers in the municipality of Carlinda, Mato Grosso, Brazil.
Brazilian Journal of Development, v. 6, n. 8, p. 61161-61184, 2020.

SA, F.P.; SOUZA, V. F.D.;SILVA, V. C.; LEDO, S. A. Encapsulation, cryoprotection,
and dehydration in the regenerative capacity of caulinar apices of Genipa americana.
Rural Science, Santa Maria, v. 45, n. 11, p. 1939-1945, 2015.

SARTOR, F. R.; MORAES, A. M. de; ALMEIDA, F. A. C. Techniques for
cryopreservation of mangaba buds. Agrotechnology Journal, Anépolis, v. 3, n. 1, p. 31-
39, 2012.

SANTANA, F. V.; OLIVEIRA, L. A. R. de; SANTOS, P. A. A,; SILVA, A. V. C. da;
LEDO, A. da S. Effects of droplet vitrification on the regeneration of apical tips of
mangaba accessions. Investigation, Society and Development, v. 11, n. 17,
e38111738734, 2022.

SANTOS, I. R. I.; SALOMAO, A. N. Viability assessment of Genipa americana L.
(Rubiaceae) embryonic axes after cryopreservation using in vitro culture. International
Journal of Agronomy, London, v. 2016, p. 1-6, 2016.

SANTOS, P. A. A,; PAIVA, R.; SILVA, L. C.; SOUZA, A. C.; SANTANA, M. C;;
SILVA, D. P. C. Cryopreservation of the mangaba tree (Hancornia speciosa Gomes): a
protocol for long-term storage. Acta Scientiarum. Agronomy, Maringa, v. 37, p. 289-
296, 2015.

SANTOS, A. R. F. dos; SILVA-MANN, R.; FERREIRA, R. A. Water restriction in
Genipa seeds (Genipa americana L.). Revista Arvore, v. 35, n. 2, Apr. 2011.

SANTOS, IRI; SALOMAO, A. N. Practical guide to cryopreservation: techniques
applied to the conservation of plant germplasm. Brochures, Embrapa Genetic Resources
and Biotechnology. Documents, 385, 2023.

Page 17

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA, Curitiba, v.22, n.3, p. 01-18. 2024.




REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA

Curitiba, v.22, n.3, p. 01-18. 2024.
OBSERVATORIO

DE LA ECONOMIA _ .
LATINOAMERICANA ISSN: 1696-8352

SAKAI, A.; HIRAI, D.; NIINO, T. Development of PVS-Based vitrification and
encapsulation—vitrification protocols. In: REED, B. M. (Ed.). Plant cryopreservation:
A Practical Guide. New York, NY: Springer, p. 33-57, 2008.

SOUZA, A. C. D.; COSTA, M. C.; FIGUEIREDO, M. A. D.; PEREIRA, C. C,;
COELHO, S. V. B,; VILELA, A. L. O.; ROSA, S. D. V. F. D. Stages of coffee seed
cryopreservation: physiological and antioxidant system responses. Ciéncia Rural, 54,
e20220480, 2023.

SILVA JUNIOR, J. F. Mangaba culture. Brazilian Journal of Fruit Growing, v. 26, n.
1, Apr. 2004.

SILVEIRA, A. A. C.; SIBOV, S. T. Encapsulation-dehydration of Eugenia dysenterica
caulinar apices. Multi-Science Journal, v. 2, n. 2, p. 39-41, 2019.

TOWILL, L. E. Cryopreservation of plant germplasm. In: TOWILL, L. E.; BAJAJ, Y. P.
S. Cryopreservation of plant germplasm Il. Berlin: Springer, Biotechnology in
Agriculture and Foresty, v. 50, p. 4-21, 2002.

WANG, Q.; LAAMANEN, J.; UOSUKAINEN, M.; VALKONEN, JP. Cryopreservation
of in vitro-grown shoot tips of raspberry (Rubus idaeus L.) by encapsulation-vitrification
and encapsulation-dehydration. Plant Cell Reports, v. 24, p. 280-288, 2005.

Page 18

REVISTA OBSERVATORIO DE LA ECONOMIA LATINOAMERICANA, Curitiba, v.22, n.3, p. 01-18. 2024.




