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ABSTRACT - The present study aimed to evaluate effects of different storage conditions on the castor bean seed cultivar IAC-
226 quality, stored for 12 months. For this purpose, seeds were stored in different environment and packaging conditions: in a 
cold chamber and conventional storage, using multiwall Kraft paper and in no vacuum and vacuum plastic packages at 1 atm; 
as well as under cryopreservation storage (-196 °C). Seed quality was evaluated before and after 4, 8 and 12 months of storage 
by germination tests, first count of germination, emergence percentage, emergence speed index and determination of changes 
in catalase (CAT) and superoxide dismutase (SOD) enzyme systems. Cryopreservation (-196 °C) is efficient in maintaining 
the physiological quality of castor bean cultivar IAC-226 for 12 months. The enzyme catalase stands out as a marker of castor 
seed deterioration during storage.

Index terms: Ricinus communis L. storage, cryopreservation, vacuum.

Aspectos bioquímicos e fisiológicos da deterioração de sementes de mamona 
armazenadas em diferentes embalagens e temperaturas

RESUMO - Objetivou-se avaliar os efeitos de diferentes condições de armazenamento sobre a qualidade de sementes de 
mamona cultivar IAC-226, armazenadas por um período de 12 meses. Para isso, as sementes foram armazenadas em diferentes 
ambientes e tipos de embalagens: em câmara fria e armazém convencional, utilizando embalagens papel Kraft multifoliado e 
plástico com e sem acondicionamento a vácuo a 1 atm; e também armazenamento sob criopreservação (-196 °C). A qualidade 
das sementes foi avaliada antes e após 4, 8 e 12 meses de armazenamento pelos testes de geminação, primeira contagem 
de germinação, porcentagem de emergência, índice de velocidade de emergência e pela determinação das alterações nos 
sistemas enzimáticos catalase (CAT) e superóxido dismutase (SOD). A criopreservação (-196 °C) é eficiente na manutenção da 
qualidade fisiológica de sementes de mamona cultivar IAC-226 por 12 meses. A enzima catalase se destaca como um marcador 
da deterioração de sementes de mamona durante o armazenamento.

Termos para indexação: Ricinus communis L., isoenzimas, criopreservação, armazenamento. 
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Introduction

Castor bean is one of the major nonedible oil plants due 
to the great potential of this oil for use in biodiesel production 
(Shrirame et al., 2011) as well as in the making of pharmaceuticals 
and high valued polymers (Vijaya et al., 1997). However, in 
Brazil, productivity of this culture is still low, compared to 
other oilseeds such as soybean, peanut and sunflower (Fanan 
et al., 2009).  One of the factors that contribute to this low 
productivity is the high content of oil in the seeds, 40 to 55% 
(Scholz and Silva, 2008), which makes storage of these seeds 

more difficult. 
Preservation of the seeds quality during storage, after 

their physiological maturity, depends on the species lifespan, 
its initial quality and storage conditions (Probert et al., 2007; 
Cardoso et al., 2012). Temperature and relative humidity are 
often cited as some of the key factors that affect adversely the 
seeds quality during storage, causing physical and chemical 
changes such as loss of the cell membrane integrity, decreased 
enzymatic activity, lipids peroxidation (Ellis and Hong, 2006; 
Oge et al., 2008) and, consequently, loss of vigor. 

To ensure long-term quality of castor bean seeds, whether 
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for marketing purposes or for preservation of genetic material, 
some techniques have been tested, among them storage of the 
seeds under sub-zero temperatures (Reed et al., 2011, Lopes 
et al., 2013). For better preservation of orthodox seeds, such 
as those of castor bean plants, environments with low relative 
humidity and temperature have proven to be appropriate, 
because such conditions, according to Chmielarz (2010), allow 
maintaining a low level of activity of the chemical reactions 
and preservation of the seeds germinative power and vigor.  

One of the alternatives for the study of seeds deterioration 
is the analysis of isoenzyme groups, which allows identifying 
the starting points of damages and providing reliable 
information on the actual causes of the deteriorative events 
and their consequences. Among the free radical-scavenging 
enzymes that are formed during the seeds deterioration 
process, Nkang et al. (2000) point catalase, peroxidase and 
superoxide dismutase as the major ones. Several authors 
working with seeds having high oil contents found a decrease 
in the activity of the catalase and superoxide dismutase 
enzymes as the storage time increased (Sharma et al., 2013; 
Goel et al., 2003; Sung, 1996) and a diminished survival rate 
compared with non-oil seeds (Nagel and  Borner, 2010).

Even though seeds storage under controlled conditions 
has already been practiced by large companies in the industry, 
reflecting a concern in preserving the quality of the seeds 
produced, up to now there have been difficulties in establishing 
the best storage conditions and specific preservation methods for 
castor bean seeds. According to Chen et al. (2010), knowledge 
on the seeds behavior during deterioration is essential for making 
appropriate decisions on handling and storage conditions. 

Thus, this study aimed to assess the effects of different 
storage conditions on the quality of the seeds of castor plant 
cultivar IAC-226 stored for 12 months. 

Material and Methods

The experiment was conducted at the Laboratory for 
Seeds Testing, Federal University of Lavras, MG, using castor 
bean seeds, cultivar IAC-226, harvested in 2009. 

The seeds quality was assessed before and after four, eight 
and twelve months of storage, thus comprising four periods of 
assessment. The seeds were homogenized and stored under 
different conditions, as follows: 

In conventional storage (ambient, 25 °C) and in dry and cold 
chamber (10 °C and 40% RH), in multiwall Kraft paper bags, 
and in no vacuum and vacuum polyethylene packages  (0.1 atm). 

In liquid nitrogen (cryopreservation at -196 ºC) in 
aluminum coated paper bags, resulting in seven storage 
conditions (CS/Pb – conventional storage and paper bag; 

CS/Pl – conventional storage and plastic bag; CS/Va – 
conventional storage and vacuum packing bag; Cc/Pb – cold 
chamber and paper bag; Cc/Pl – cold chamber and plastic bag; 
Cc/Va – cold chamber and vacuum packing bag; and Cryo – 
cryopreservation. 

For cryopreservation, the packaged seeds were soaked 
directly in liquid nitrogen. After each cryopreservation period 
(4, 8 and 12 months), the seeds bags were taken out from liquid 
nitrogen and let thawing at ambient temperature for 24 hours. 

To assess the seeds physiological quality, tests to 
determine germination, first count of germination, emergence, 
and emergence speed index were carried out. 

The germination test was conducted with four replications 
of 50 seeds sown between sheets of paper towel moistened 
with distilled water at a 2.5 ratio to the substrate weight. The 
seeds remained in the germinator at 25 ºC and the assessments 
were conducted at 7 and 14 days after sowing to determine 
the first germination count and final germination, with results 
expressed in percentage (Brasil, 2009).

The seedling emergence test was conducted with four 
replications of 50 seeds sown in plastic trays, containing a 
substrate made up of a 2:1 mixture of soil and sand, which 
was moistened to 70% of the water holding capacity. The 
trays were maintained in a growing chamber at 25 ºC. Daily 
assessments were conducted to obtain the emergence speed 
index – ESI (Maguire, 1962) and at 14 days to obtain the final 
emergence percentage. 

For the enzymatic analysis, 300 µL aliquots of 50% 
acetone were added to the 100 mg samples of ground material 
and centrifuged at 14000 rpm for 30 minutes at 4 ºC to remove 
excess oil. After discarding the supernatant, 300 µL of the 
extraction buffer (0.2M Tris, 0.1% b-mercaptoethanol) was 
added. The homogenized material was incubated in ice for 24 
hours and centrifuged at 14000 rpm at 4 °C for 30 minutes. 

To proceed with the electrophoretic run, 50 µL of 
the supernatant was applied into the gel channels, and 
electrophoresis was carried out at 4 ºC, 120V, for 6 hours.  After 
electrophoresis, the gels were stained to detect the activity of 
the catalase and superoxide dismutase enzymes, following the 
method described by Alfenas et al. (2006). For the superoxide 
dismutase, extraction and development were carried out in the 
presence of a specific substrate for the enzyme. 

A completely randomized experimental design was used, 
and data were statistically interpreted by analysis of variance in 
a 4 x 7 factorial scheme, consisting of four storage times (0, 4, 
8, and 12 months) and seven storage conditions (conventional 
storage - CS and paper bags - Pb; conventional storage – CS 
and plastic bags – Pl; conventional storage – CS and vacuum 
packages -  Va; cold chamber -  Cc and paper bags - Pb; 
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cold chamber – Cc and plastic bags - Pl; cold chamber – Cc 
and vacuum packages – Va;  and Cryopreservation – Cryo). 
The means were compared by the Scott-Knott’s test at a 5% 
probability level, except for the activities determination, and 
for the quantitative factor (storage time), when significant. 
The statistical analyses were performed using the R software 
(R Development Team, 2011).

Results and Discussion

For all tests performed, there was a significant interaction 
between the storage conditions and time. 

For the first count of germination, differences in the storage 
conditions could be observed only after four months of storage 
(Table 1). However, when comparing the different storage 
conditions, there was no pattern of seed germination. This can 
be due to the difficulty of the seeds in absorbing water because 
of the integument thickness and rigidity or a possible post-
harvest dormancy, represented by the integument hardness, 
which could have hindered the initial seeds germination 
(Copeland and Mcdonald, 1995; Vasconcelos et al., 2010).

Until four months of storage, all treatments exhibited 

germination above 90%, and no differences were observed 
between the treatments studied (Table 2). However, at 12 months 
of storage, the quality of the seeds under cryopreservation 
was higher than the other storage conditions, exhibiting a 
germination above 90%. There were no significant losses in the 
quality of the castor plant seeds under cryopreservation during 
12 months of storage, corroborating results found by Rocha et al. 
(2009) in cotton plant seeds and by Zhang et al. (2014) in citrus 
embryos preservation. Similarly, Vargas et al. (2009) recommends 
cryopreservation to preserve pollen grains of different cultivars 
of castor plant with low water contents. However, Almeida et al., 
(2002) states that cryoperservation was not effective in preserving 
seeds from castor plant cv. Nordestina and Pernambucana for 
60 days. It should be noted that Almeida et al. (2002)’s results 
were obtained after short-term storage, i.e. 30 days under 
cryopreservation and by using a slow freezing method, whereby 
the seeds temperature was reduced gradually, and fast thawing 
in water bath at 40 °C, which could have affected the results. 
These conditions were different from those used in this study, 
i.e. medium-term storage (12 months), using the fast freezing 
method, whereby the seeds were immersed directly into liquid 
nitrogen, and slow thawing at 22 °C for 24 hours.

Table 1.	 Mean values (%) of germination at first count of castor bean plant cv. IAC-226 in the first count of germination, as a 
function of storage time (0, 4, 8 and 12 months) and storage conditions (CS/Pb – conventional storage and paper bag; CS/
Pl – conventional storage and plastic bag; CS/Va – conventional storage and vacuum package; Cc/Pb – cold chamber and 
paper bag; Cc/Pl – cold chamber and plastic bag; Cc/Va – cold chamber and vacuum package; and Cryo – cryopreservation.

Time 
Storage conditions 

CS/Pb CS/Pl CS/Va Cc/Pb Cc/Pl Cc/Va Cryo 
0 51 Ba 52 Aa 49 Ba 39 Ba 42 Aa 40 Ba 47 Ca 
4 41 Bc 41 Ac 43 Bc 46 Bc 57 Ab 74 Aa 62 Bb 
8 63 Ab 58 Ab 73 Aa 77 Aa 57 Ab 66 Ab 79 Aa 
12 55 Aa 53 Aa 60 Aa 38 Bb 54 Aa 42 Bb 44 Cb 

CV(%) 17.13 
 Means followed by the same uppercase letter in columns and lowercase letter in rows do not differ statistically by the Scott-Knott test at 5% level.

Table 2.	 Mean values (%) of seeds germination of castor bean plant cv. IAC-226 as a function of the storage time (0, 4, 8 and 
12 months) and conditions (CS/Pb – conventional storage and paper bag; CS/Pl – conventional storage and plastic 
bag; CS/Va – conventional storage and vacuum package; Cc/Pb – cold chamber and paper bag; Cc/Pl – cold chamber 
and plastic bag; Cc/Va – cold chamber and vacuum package, and Cryo – cryopreservation.

Time 
Storage conditions 

CS/Pb CS/Pl CS/Va Cc/Pb Cc/Pl Cc/Va Cryo 
0 98 Aa 97 Aa 97 Aa 98 Aa 97 Aa 98 Aa 98 Aa 
4 95 Aa 91 Aa 94 Aa 92 Aa 92 Aa 91 Aa 97 Aa 
8 79 Bc 84 Bb 92 Aa 80 Bc 63 Bd 76 Bc 97 Aa 
12 57 Cb 59 Cb 66 Bb 47 Cc 62 Bb 55 Bb 97 Aa 

CV(%) 7.45 
 Means followed by the same uppercase letter in columns and lowercase in rows do not differ statistically by the Scott-Knott test at 5% level.  
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Cryopreservation was effective in preserving the 
physiological quality of castor seeds during storage compared 
to the other conditions tested. The seeds preserved in 
liquid nitrogen, even after 12 months of storage, exhibited 
germination rates higher than the standard values described 
in the regulation no. 45 of Sept. 13, 2013 for seeds marketing, 
which specifies a minimum of 80% for castor plant seeds 
(Brasil, 2013). This did not occur with the seeds preserved 
by other methods. Confirming the results found in the 
germination test, it was possible to observe significantly 
higher percentages of speed and emergence for the seeds 
stored in liquid nitrogen for 12 months, when compared to 
the other storage conditions (Table 3 and 4). For the seeds 

stored by the conventional method, it could be seen at the 
end of 12 months of storage a higher emergence rate when 
the seeds were vacuum packaged. However, when stored in 
cold chamber, vacuum packaging affected adversely the seeds 
emergence. Camargo and Carvalho (2008) concluded that 
vacuum packaging associated with low temperatures could 
affect adversely the quality of sweet corn seeds and lead to 
an increased anaerobic respiration of the seeds, which was 
confirmed by the high activity of alcohol dehydrogenase 
(ADH) enzymes. These findings confirm that the joint action 
of oxygen restriction and low temperatures speed up the 
deterioration process of orthodox seeds, such as those from 
castor bean plants, reducing their longevity.

Table 3.	 Mean values (%) of seedlings emergence of castor bean plant cv. IAC-226 as a function of the seeds storage time (0, 
4, 8 and 12 months) and conditions (CS/Pb – conventional storage and paper bag; CS/Pl – conventional storage and 
plastic bag; CS/Va – conventional storage and vacuum package; Cc/Pb – cold chamber and paper bag; Cc/Pl – cold 
chamber and plastic bag; Cc/Va – cold chamber and vacuum package; and Cryo – cryopreservation.

Time 
Storage conditions 

CS/Pb CS/Pl CS/Va Cc/Pb Cc/Pl Cc/Va Cryo 
0 89 Ab 90 Ab 86 Bb 89 Ab 88 Ab 86 Bb 98 Aa 
4 82 Bc 90 Ab 92 Ab 91 Ab 84 Ab 92 Ac 98 Aa 
8 71 Cd 85 Ab 87 Bb 84 Bb 78 Bc 88 Bb 96 Aa 
12 53 Dd 65 Bc 75 Cb 51 Cd 65 Cc 49 Cd 83 Ba 

CV(%) 4.52 
 Means followed by the same uppercase letter in columns and lowercase in rows do not differ statistically by the Scott-Knott test and F-test at 5% level.

Table 4.	 Emergence speed index of castor bean plant cv. IAC-226 as a function of the seeds storage time (0, 4, 8 and 12 
months) and conditions (CS/Pb – conventional storage and paper bag; CS/Pl – conventional storage and plastic bag; 
CS/Va – conventional storage and vacuum package; Cc/Pb – cold chamber and paper bag; Cc/Pl – cold chamber and 
plastic bag; Cc/Va – cold chamber and vacuum package; and Cryo – cryopreservation.

Time 
Storage conditions 

CS/Pb CS/Pl CS/Va Cc/Pb Cc/Pl Cc/Va Cryo 
0 5.65 Ab 5.51 Ab 5.21 Ab 5.37 Ab 5.37 Ab 5.35 Ab 7.92 Aa 
4 5.31 Ab 5.28 Ab 4.96 Ab 5.05 Ab 4.99 Ab 5.13 Ab 7.73 Aa 
8 4.82 Bb 4.72 Bb 4.51 Bb 4.73 Bb 4.60 Bb 4.44 Bb 7.45 Aa 
12 3.32 Cb 3.26 Cb 3.41 Cb 3.31 Cb 2.94 Cb 1.60 Cc 4.24 Ba 

CV(%) 5.91 
 Means followed by the same uppercase letter in columns and lowercase in rows do not differ statistically by the Scott-Knott test and F-test at 5% level.

In the first count of germinated seeds, a decreased vigor 
could be seen after eight months of storage for all treatments 
(Figure 1A). Regarding germination and seedling emergence, 
even with reduced germination after the fourth month, 
cryopreservation was still better, when compared to the other 
conditions tested at the end of 12 months of storage. This once 
again clearly shows the positive influence of cryopreservation 
in maintaining the quality of castor seeds (Figures 1 B and C). 

Even having better results than the other conditions 
tested, the seeds stored in liquid nitrogen only had a sharp 
reduction in the emergence rate after the eighth month of 
storage. For the seeds stored in vacuum packages and cold 
chamber, a sharp reduction of the emergence rate occurred at 
12 months of storage (Figure 1D).

According to Finch-Savage et al. (2007), dormancy can 
be overcome by high or low temperatures, depending on the 
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plant species. However, this effect was not observed for castor 
seeds because the seeds stored in cold chamber at an average 
temperature of 10 °C did not exhibit better results than the 
seeds stored conventionally, which indicates that dormancy 
in castor seeds is integumentary and immersion in liquid 
nitrogen could be an alternative to overcome it. 

The isoenzyme profiles revealed for the superoxide 
dismutase an increased activity of the cryopreserved seeds 
during storage (Figure 2a). When oxidative damage occurs 

in the membranes, crosslinks between the proteins and 
phospholipids are formed, resulting in the destruction 
of the spatial arrangement of the membrane, causing an 
irreversible damage to its structure (Henning et al., 2010). 
In this case, storing these seeds under sub-zero temperatures 
(cryopreservation) may have preserved the integrity of the 
cellular membranes for a longer period of time. However, for 
the other seed storage conditions, it was not possible to detect 
any difference in this enzyme activity.
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Figure 1.	 First count of germination (A), Germination (B), Emergence (C) and (D) Emergence speed index of castor bean seeds 
as a function of the storage time (0, 4, 8 and 12 months) and storage conditions.
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Storage-induced stress, especially in non-controlled 
environmental conditions, activated the seeds metabolism, 
triggering oxidative processes and the production of free 
radicals. This is demonstrated by the greater activity of the 
catalase (CAT) enzyme at zero time for the seeds stored in 
ambient conditions.  In the subsequent periods of storage, 
there is a reduction in the CAT activity in the same conditions, 
which can be associated with the presence of oxygen as well 
as the deterioration level, because in more spoiled seeds there 
is a considerable reduction of this activity, leading to the 
enzyme inactivation (Figure 2b).

Catalase, which is an enzyme involved in the decomposition 
of hydrogen peroxide, plays a role in the control of these 
endogenous peroxides through the oxidation-reduction cycle 
(Sabeva and Nedeva, 2008). Thus, a reduction of the activity 
of this enzyme may result in a decrease of oxidative injuries to 
seeds, which can explain the results found in this study on castor 
oilseeds.  Carneiro et al. (2011) also observed a decrease in the 
catalase activity associated with loss of viability of sunfl ower 
seeds. Therefore, this evaluation suggests that catalase can be a 
deterioration marker for castor plant seeds. 

Conclusions

Cryopreservation (-196 °C) is eff ective in maintaining the 
physiological quality of castor bean seeds, cultivar IAC-226, 
for 12 months.

The catalase enzyme can be considered a marker of 

deterioration of castor bean seeds during storage. 
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