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ABSTRACT. The seeds of a sesame crop contain approximately 50% oil content, one of the main reasons
for their cultivation. However, information regarding methodologies for the assessment of quality seeds of
this culture are scarce. Therefore, the objective of this study was to adapt the methods of accelerated ageing
tests for sesame seeds and investigate changes in the behaviour of isoenzymes. The physiological
characterization of the seeds and electrophoretic analysis of the isoenzymes superoxide dismutase, esterase,
catalase, alcohol dehydrogenase, malate dehydrogenase and isocitrate lyase were also performed. For the
accelerated ageing test, the seeds were subjected to the traditional method, with a saturated NaCl solution,
at ageing times of 0, 24, 48, 72, and 96 hours. It was found that it is possible to evaluate the effect of
accelerated ageing tests on sesame seeds by using the traditional method for 72 hours and saturated NaCl
solution at 45°C for 48 hours. When associated with the activity of isozymes EST, CAT, ADH, and ICL, it
was possible to observe that there was a significant variation in the intensity of expression of the bands as
the seed deterioration process progressed.
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Teste de envelhecimento acelerado e comportamento das isoenzimas em sementes de
gergelim

RESUMO. As sementes da cultura do gergelim contém cerca de 50% de teor de 6leo, sendo uma das
principais razdes que estimulam o seu cultivo. No entanto, informagoes sobre metodologias para avaliagio
da qualidade de sementes dessa cultura sdo escassas. Dessa forma, objetivou-se adequar as metodologias dos
testes de envelhecimento acelerado para sementes de gergelim e investigar alteragdes no comportamento de
isoenzimas das sementes submetidas ao teste. Foram utilizados quatro cultivares de sementes de gergelim
da safra 2014/2015. Foi feita a caracterizagio fisioldgica das sementes ¢ a anilise eletroforética das
isoenzimas superdxido dismutase, esterase, catalase, dlcool desidrogenase, malato desidrogenase e isocitrato
liase. Para o teste de envelhecimento acelerado, as sementes foram submetidas ao método tradicional e com
solugio saturada de NaCl, pelos periodos de envelhecimento de 0, 24, 48, 72 ¢ 96 horas. Concluiu-se que é
possivel avaliar o vigor de sementes de gergelim pelo teste de envelhecimento acelerado, pelo método
tradicional por 72 horas e com solugio saturada de NaCl a 45°C por 48 horas. Quando associado 2
atividade das isoenzimas EST, CAT, ADH e ICL foi possivel visualizar que houve varia¢io significativa na
intensidade da expressio das bandas conforme avanga o processo deterioragio das sementes.

Palavras-chave: enzimas; oleaginosa; vigor; qualidade; Sesamum indicum.

Introduction

Sesamum indicum L. is a species of high value, as its
commercial product is a seed, of approximately 50% to
60% oil content. This oil has several uses, including in
the production of biodiesel, as a cooking oil, and in
paints, margarines, varnishes, soaps, cosmetics and
medicines (Borchani, Besbes, Blecker, & Attia, 2010).
Despite the great economic potential of sesame to yield
seeds with oil of superior quality in relation to other

oilseeds, research related to seed physiological quality is
still limited. High quality seeds are obtained by a
combination of genetic, physical, physiological and
sanitary attributes, directly influencing agronomic
performance and are fundamental to the success of the
crop.

Seed physiological quality has been most
commonly determined through a germination test
conducted under favourable conditions that allows
seeds to express maximum capacity (Bertolin, S3, &
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Moreira, 2011). Seed vigour complements the
information obtained by the germination test,
influencing crop establishment, as well as its
performance in terms of plant cycle and yield.
Among the existing vigour tests, one of the most
important and recognized is the accelerated ageing
test (Marcos Filho, 2015).

In the traditional accelerated ageing test (using
water), the differences in water absorption by the
seeds, exposed to an atmosphere of 100% relative
humidity, can lead to marked variations in seed
moisture content (Torres, 2004). To minimize
variations in seed hydration and results, Jianhua and
McDonald (1996) proposed replacing distilled water
with saturated KCl and NaCl solutions, which
provide 87% and 76% relative humidity,
respectively. The use of saline solutions provides a
lower seed hydration rate during accelerated ageing
and a lower moisture content at the end of the test,
with greater efficiency in vigour evaluation (Torres,
2005).

The wuse of saturated solutions in the
accelerated ageing test is efficient in classifying
vigour for several species. According to Torres
(2004), the best method for Foeniculum vulgarewas
is the use of saturated NaCl solution at 41°C for
72 hours.

One of the consequences of the deterioration
process is the formation of free radicals, which are
a group of atoms with unpaired electrons and are,
therefore, quite reactive and capable of destroying
large polymers, such as membrane lipids. The
main oxidizing agents generated are hydroxyls
(OH"), superoxides (O,) and hydrogen peroxides
(H,0O,). Once present in the cell, they may initiate
highly damaging chain oxidative reactions,
especially with polyunsaturated fatty acids,
resulting in lipid hydroperoxides (Desai, Kotecha,
& Salunkhe, 1997).

Given this, the objective of this study was to
adapt methodologies of accelerated ageing tests to
sesame seeds and correlate them with changes in
the behaviour of isoenzymes.

Material and methods

Four sesame cultivars were used, provided by
Embrapa Algodio and produced in Pernambuco
State, Brazil, under the same conditions and time
(2014/2015 crop year), as follows: BRS G2 (Cultivar
1), BRS G3 (Cultivar 2), BRS G4 (Cultivar 3), and
BRA SEDA (Cultivar 4).

The characterization of cultivars and evaluation of
physiological quality were defined by the following
determinations and tests:

Nery et al.

The moisture content was determined using the
oven method at 105°C for 24 hours (Brasil, 2009), with
two replicates of 0.5 g seeds for each cultivar.

For the germination test, sowing was carried out on
blotting paper, moistened with an amount of water
equivalent to 2.5 times the dry weight of the paper, in
boxes (gerbox), placed in a B.O.D. germination
chamber, and regulated at 25°C, with a 12-hour
photoperiod. Four replicates of 50 seeds were used and
the results were expressed as a percentage of normal
seedlings on day 3 (first count); the test was terminated
on day 6 (Brasil, 2009). Counts were conducted daily
to determine the germination speed index (IVG) which
was, calculated according to the formula proposed by
Maguire (1962), computing the number of seeds
emerged from the emission of 1 mm radicle.

The emergence test was conducted with four
replicates of 50 seeds per cultivar in trays with substrate
sand and earth at a ratio 2:1, under controlled
conditions at 25°C. Seedling emergence was computed
on day 9 (Initial stand) and on day 15 (Final stand) after
sowing, and the number of emerged seedlings was
evaluated. The results were expressed in percentage.
For the emergence speed index (IVE), the number of
seedlings emerging from the onset of emergence was
calculated daily, according to Maguire (1962).

For the accelerated ageing test, seeds were arranged
in a single layer on a metal screen coupled to a box
(gerbox) containing 40 mL of distilled water or
saturated sodium chloride (NaCl) solution, at a ratio of
40 g NaCl to 100 mL water, providing a relative
humidity of 76% (Jianhua & McDonald, 1996). The
boxes were kept in B.O.D. germination chambers, at
45°C, for 0 (control), 24, 48, 72, and 96 hours. After
each period, the water content was determined and the
germination conducted as previously
described, evaluating the number of normal seedlings
after the seventh day of sowing (Brasil, 2009).

The enzymatic analysis was performed using
electrophoresis. For this analysis, 3 g of seeds of each
sesame  cultivar subjected to traditional
accelerated ageing with saturated NaCl solution for 0,
48, and 96 hours. Time was determined to cover
undamaged seeds (0 hours) and, seeds at a medium
deterioration stage (48 hours) and at an advanced
deterioration stage (96 hours), which were ground in a
crucible, in the presence of liquid nitrogen and PVP,
and stored at -86°C.

The buffer used to extract the enzymes superoxide
dismutase, catalase, esterase, alcohol dehydrogenase,
malate dehydrogenase and isocitrate lyase was 0.2 M
Tris HCI (pH 8), with 0.1% mercaptoethanol added
at a ratio of 250 pL per 100 mg of seeds. The
material was homogenized using a vortex and kept

test was

Wwere
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in a refrigerator overnight, followed by
centrifugation at 14,000 rpm for 60 minutes at 4°C.

Polyacrylamide gel was 7.5%
(separation gel) and 4.5% (concentration gel) for
the electrophoretic run. The gel/electrode system
(pH 8.9). 50 pL of
supernatant were applied to the gel and the
electrophoretic run was carried out at 150 V for 5
hours.

created at

used was tris-glycine

Gels were developed for the enzymes
superoxide dismutase, catalase, esterase, malate
dehydrogenase, alcohol dehydrogenase, according
to protocols of Alfenas (2006). Isocitrate lyase was
developed with dl-isocitric acid, 20 mg NADP, 20
mg MTT, 2 mg PMS, 20 mg magnesium
chloride, 100 mL Tris 0.2 M pH 8.0 and 0.1 pL of
phenylhydrazine (Cruz et al., 2013).

The experimental design was completely
randomized. For the accelerated ageing test, data
were analysed in a 4 x 5 factorial scheme (4
and 5 ageing periods).
submitted to analysis of variance and the means
were compared suing the Scott-Knott test at 5%
probability and, for the quantitative factor (aging
period), analysed. Statistical
analyses were performed using the SISVAR®
statistical program (Ferreira, 2000).

For the analysis of isoenzyme systems, visual
interpretation of electrophoresis gels  was

performed, taking into

cultivars Data were

regression  was

account the
presence/absence, as well as the intensity, of each
of the electrophoretic bands.

Result and discussion

The data obtained in the characterization of
the profile of the sesame seed cultivars is
presented in Table 1. Seed moisture content did
not differentiate among the cultivars, and
maintained values within the optimum storage
range for sesame seeds, that is, lower than or near
6%.

Similar moisture content among cultivars is
paramount, so that the tests are not affected by
differences in metabolic activity, wetting and seed
deterioration rates (Krzyzanowski, Vieira, &
Franga Neto, 1999). Seeds with different water
contents may generate erroneous interpretations,
as seceds with higher water contents tend to
degrade more rapidly under accelerated ageing
conditions (Marcos Filho, 2015).

The first count test was less sensitive to
differences between the sesame cultivars, and
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there was no significant difference among cultivars
(Table 1).

Table 1. Moisture content — U (%), normal seedlings in the first
count — PC (%); germination speed index — IVG; germination —
G (%); initial stand — EI (%); emergence — E (%) and emergence
speed index — IVE, obtained for four sesame seed cultivars (1 -
BRS G2, 2 - BRS G3, 3 - BRS G4, and 4 - BRA SEDA).

Tests
Culdvars “700™ pC G (%) VG EI(%) E(%) IVE
1 6.14A  44A  98A  1407A 88A  88A 11.52A
2 569A  32A  93A  1293A  88A  S9A  11.58A
3 539A 40A  75B  977B 2B 63B 595B
4 520A  51A  89A  1340A  88A  88A 1144A

CV (%) 6.81  31.63 7.27 8.84 12.06 1245 11.78

Means followed by the same uppercase letter in the column do not differ by the Scott-
Knott test at 5%.

The germination of sesame cultivars had higher
values than the standard for seed commercialization
through Normative Instruction No. 45 of
September 13, 2013, which establishes a minimum
germination of 70% for sesame seeds (Brasil, 2013).

Through the germination test, germination
speed index, initial stand, emergence and the
results of the emergence speed index (IVE), it was
observed that cultivars 1, 2, and 4 were of higher
quality as compared to cultivar 3, which was of
inferior quality (Table 1).

Using the traditional method, it was observed
that the seed moisture content only differed
among cultivars with 96 hours of seed exposure to
the test conditions (Table 2). Using the method
with a saturated solution, smaller and more
verified,
although it was more sensitive in detecting
differences between cultivars and ageing periods,
with differences after 72 hours of seed exposure

uniform moisture contents were

to the test conditions. In general, using the
traditional method, moisture content was higher
than that observed using the NaCl solution
method. This increase in seed moisture content
can be explained by the disorganization of cell
membranes during seed ageing (Jain, Koopar, &
Saxena, 20006).

reported that, even with a lower moisture content,

However, some authors have

there is sufficient stress to reduce germination
(Avila, Vilella, & Avila, 2006).

The use of the saturated solution caused less
than those of the traditional
there was

drastic effects
method, as
deterioration rate when reaching lower water
contents, as observed in Foeniculum vulgarewas
(Torres, 2004) and Guizotia abyssinica (Gordin,
Scalon, & Masetto, 2015).

a decrease in seed
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Table 2. Moisture content (%) of sesame seeds subjected to accelerated ageing using both the traditional method and the method with
saturated NaCl solution, obtained for four sesame seed cultivars (1 - BRS G2, 2 - BRS G3, 3 - BRS G4, and 4 - BRA SEDA).

Treatment / Ageing periods (hours)

Cultivars Traditional NaCl

0h 24h 48 h 72h 96 h 0h 24 h 48h 72h 96 h
1 6.03Ac 16.03Ab 18.29Aa 18.67Aa 18.67Ba 6.10Aa  7.13Aa 6.77Aa 5.11Ba 6.87Aa
2 5.73Ad 15.24Ac 17.13Ab 18.43Ab 21.45Aa 5.69Ab 8.90Aa 7.79Aa 6.32Bb 6.54Ab
3 5.47Ac 16.07Ab 16.84Ab 17.53Ab 21.91Aa 5.38Ab 7.29Aa 8.86Aa 5.98Bb 5.90Ab
4 5.25Ac¢ 14.39Ab 18.34Aa 18.16Aa 18.74Ba 5.30Ab 7.01Ab 6.56Ab 9.49Aa 5.45Ab
CV (%) 6.07 14.30

Means followed by the same lowercase letter in the row and uppercase in the column do not differ by the Scott-Knott test at 5%.

The reduction in seed moisture content restricted
fungal attack, verified by a higher incidence observed
under the traditional ageing treatments. This is caused
by the water restriction of the environmental relative
humidity, which does not favour the proliferation of
microorganisms. Cruz et al. (2013) reported the
incidence of fungi as a problem found in the
accelerated ageing of Crambe abyssinica and Myracrodruon
urundeuva seeds.

The percentage of normal seedlings obtained after
the traditional accelerated ageing (Table 3) shows that
all treatments were sensitive to the detection of higher
and lower vigour cultivars, corroborating the
germination results where batch 3 was considered
inferior to the others (Figure 1). It can be observed
that, using the traditional method, the periods of 72
and 96 hours allowed for the differentiation of batch 3
from the others, similar to the results obtained in
germination tests, germination speed indices, seedling
emergence, initial stand and emergence speed indices
(Table 1).

Table 3. Percentage of normal seedlings (%) obtained in the
germination test of sesame seeds submitted to different
accelerated ageing periods (traditional and with saturated NaCl
solution), obtained for four sesame seed cultivars (1 - BRS G2, 2
- BRS G3, 3 - BRS G4, and 4 - BRA SEDA).

Treatment x Ageing periods

Cultivars Traditional NaCl

Oh 24h 48h 72h 96h Oh 24h 48h 72h 96h
1 99Aa 93Aa 95Aa 84Ab 92Aa 98Aa 92Aa 89Aa 90Aa 95Aa
2 93Aa 95Aa 97Aa 92Aa 97Aa 94Aa 92Aa 91Aa 99Aa 97Aa
3 77Bb 67Bb 87Ba 46Bc 75Bb 75Bb 56Bd 24Ce 70Bc 88Aa
4 90Aa 67Bb 83Ba 90Aa 89Aa 89Aa 49Bd 48Bd 64Bc 75Bb

CV (%) 6.76 8.66

Means followed by the same lowercase letter in the row and uppercase in the column
do not differ by the Scott-Knott test at 5%.

In seeds aged using the traditional method, it was
possible to observe that, at the 72-hour mark, there
was a reduction in the percentage of normal
seedlings of sesame seeds for all cultivars (Figure 1).
According to Tunes, Badinelli, Olivo, & Barros
(2009), this decrease in germination after 72 hours is
probably due to the high water content reached by
the seeds after ageing.

100
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Figure 1. Percentage of normal sesame seedlings, from seeds
submitted to traditional ageing at 45°C, for difterent periods.

However, the results obtained in the accelerated
ageing test using NaCl solution for 48 hours,
demonstrated better cultivar separation at different
vigour levels because, besides indicating cultivars 1 and
2 as those with the best quality and cultivar 3 as that of
inferior quality, it also detected a difterence between
cultivar 4 and cultivars 1 and 2. This separation was not
verified in the statistical analysis of data obtained
during germination, seedling emergence and other
procedures used to conduct the accelerated ageing test.
The results of the ageing tests with saturated NaCl
solution after the 72-hour period were not consistent,
showing divergent results for cultivar characterization
(Table 3).

100

k=]
®

[t} 24 43 72 96
Aging pertods (hours)

Figure 2. Percentage of normal Sesamum indicum (sesame)
seedlings, from seeds submitted to accelerated ageing using
saturated NaCl solution at 45°C, for difterent periods.
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Silva, Pivetta, Oliveira, Rodrigues, & Vieira
(2010) studied Cynodon dactylon seeds and reported
that accelerated ageing with the use of saturated
NaCl solution, among the studied procedures, is the
most appropriate method to evaluate the
physiological potential of bermudagrass seeds, and
the combination of 45°C and 48 hours is efficient
for seed lot classification at different vigour levels.

The conditions of the accelerated ageing test
with saline solution for a period of up to 96 hours
positively interfered in cultivar germination; only
cultivar 4 suffered sufficient stress to statistically
differ from the others.

The consolidation of cultivars 1, 3, and 4 was
observed at 96 and 48 hours using the traditional
method and, for cultivars 3 and 4, at 72 hours using
the NaCl method (Figures 1 and 2). It is important
to observe the values of seed moisture content after
ageing (Table 2), as there may be a relation to the
increase in seed vigour, called priming. Nery,
Carvalho, and Guimaries (2009), in a study with
Brassica rapa, also observed the consolidation of seeds
subjected to accelerated ageing.

As for the enzymatic activity analysis, the times
chosen for evaluating the behaviour of isoenzymes
sought to cover seeds at increasing deterioration
stages, considering time zero as that in which sesame
seeds were undamaged, 48 hours for seeds at
medium deterioration stages, and 96 hours for seeds
at an advanced deterioration stage.

In relation to the activity of isoenzymes, it was
observed for esterase (Figure 3) that seeds submitted
to the traditional accelerated ageing underwent a
reduction in band intensity with the increase in the
period until their extinction, with emphasis on
cultivars 1 and 2, which obtained a higher intensity
in their bands.

The decrease in band intensity indicates that the
lipid peroxidation in the cell membrane was more
intense, causing an increase in permeability and,
consequently, an advanced deterioration process.
For seeds aged with NaCl, the bands of cultivars 1
and 2 maintained a greater intensity, cultivar 4 had
an intermediate intensity, and cultivar 3 showed low
intensity. Corroborating this are the results
presented in Table 3, which define cultivars 1 and 2
as those of greater vigour, cultivar 4 of intermediate
quality and cultivar 3 of inferior quality.

It is also possible to observe that the behaviour of
each cultivar at different exposure times to
accelerated ageing with saturated NaCl solution had
a greater band uniformity within cultivars, at all
periods (0, 48, and 96 hours), indicating less
deterioration within the cultivar, compared to
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traditional ageing, where the bands have more
heterogeneous intensities.

'H
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Figure 3. Expression of esterase extracted from sesame seeds of
cultivars G2 (C1), G3 (C2), G4 (C3), and BRS SEDA (C4),
submitted to accelerated ageing tests: traditional (H,O) and with
saturated sodium chloride solution (NaCl), for different periods
(0, 48, and 96 hours).

The activity patterns of esterase are in agreement
with the reports of Aung and McDonald (1995), in a
study of Arachis hypogaea seeds, where they observed
a decrease in band intensity with an increase in
ageing period, both in seeds that were imbibed and
not imbibed. Esterases are the most important group
of enzymes in peanut germination. This variation of
results is probably due to the double role that this
enzyme plays, depending on the deterioration level
of seeds in the seed lot. The enzyme accumulated
before the process to prevent the action of free
radicals at the beginning of deterioration, but
presented high levels when it no longer had this
preventive role, and it is present in the beginning, as
well as at more advanced deterioration stages.

Saath et al. (2014) and Moraes, Barbosa, Unéda-
trevisoli, Vieira, and Vieira (2016) observed a
decrease in the number and intensity of bands,
together with a loss of viability of coftee, copaiba
and peanut seeds.

It was also possible to observe the expression of a
single band (isoform) only in cultivar 1, when
subjected to traditional accelerated ageing for 48
hours (Figure 3, black arrow). This result provides
an alternative to distinguish these sesame cultivars
from the others, while it was not identified in other
cultivars or treatments, with the possibility of
making it a tool in cultivar identification.

In relation to superoxide dismutase (SOD),
bands of the same intensity are present in all
cultivars (Figure 4). The maintenance of SOD
activity is important, as it acts in the removal and
reduction of reactive oxygen species (ROS), which

can cause cell damage (Deuner, Maia, Deuner,
Almeida, & Meneghello, 2011).

Acta Scientiarum. Agronomy, v. 40, €39449, 2018
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Figure 4. Expression of superoxide dismutase extracted from
sesame seeds of cultivars G2 (C1), G3 (C2), G4 (C3), and BRS
SEDA (C4), submitted to accelerated ageing tests: traditional
(H,O) and with saturated sodium chloride solution (NaCl), for
different periods (0, 48, and 96 hours).

The isoenzyme malate dehydrogenase (MDH)
is an important enzyme in cellular respiration,
and an increase in its activity may be due to an
increase in respiration in seeds at advanced
deterioration stages, as the enzymes involved in
respiration can be activated in seeds of reduced
quality (Shatters, Abdelghany, Elbagoury, & West,
1994). Carvalho, Mavaieie, Oliveira, Carvalho,
and Vieira (2014) observed an increase in MDH
expression in soybean seeds stored for six and
eight months of cold storage due to the high stress
level under uncontrolled storage conditions.

Based on this information, the 96-hour period
of traditional and NaCl ageing used in this study
may not have been sufficient to induce metabolic
changes that could change the electrophoretic
profiles of this enzyme, as there was no change
between bands in the treatments.

Studies relate SOD activity to MDH activity,
as SOD can be found in mitochondria, and it is
possible that the regulation of its activity may
involve MDH regulation (Allen, 1995). Based on
this information, SOD activity is expected to be
similar to MDH. The results of this study support
this hypothesis, as no change was observed in the
activities of both enzymes during traditional
accelerated ageing or with NaCl (Figures 4 and
5).

In Figure 6, it is possible to observe an
increase in the intensity of isocitrate lyase bands
during the ageing periods 0, 48, and 96 hours for
all cultivars. The expression profile of isocitrate
lyase (ICL) has been suggested as an important
seed vigor indicator, as it provides necessary
carbon sources for germination and seedling

Nery et al.

development. Changes in transcription and
expression levels may reflect seed quality (Ventura et
al., 2012).

H, NaCl

Figure 5. Expression of malate dehydrogenase extracted from
sesame seeds of cultivars G2 (C1), G3 (C2), G4 (C3), and BRS
SEDA (C4), submitted to accelerated ageing tests: traditional
(H,0O) and with saturated sodium chloride solution (NaCl), for
different periods (0, 48, and 96 hours).

Sesame seeds submitted to the traditional
accelerated ageing had a higher band intensity
than those submitted to the saline solution, which
presented a greater band uniformity within the
cultivars, related to seed moisture content, after
the ageing period (Table 2). According to Floriano
(2004), with water absorption, tissue rehydration
occurs and, consequently,
respiration and all other metabolic activities,
which may have contributed to the increase in
ICL activity.

Observing the behaviour of ICL among
differences
intensity and number of bands. Cultivars 1 and 2
had higher intensity and cultivar 3 and,
subsequently, cultivar 4, had lower intensities.
These results corroborate those seen in Table 3 of
seeds subjected to accelerated ageing with NaCl
for a 48-hour period.

intensification in

cultivars, there are among the

Figure 6. Expression of isocitrate lyase extracted from sesame
seeds of cultivars G2 (C1), G3 (C2), G4 (C3), and BRS SEDA
(C4), submitted to accelerated ageing tests: traditional (H,O) and
with saturated sodium chloride solution (NaCl), for different
periods (0, 48, and 96 hours).

Acta Scientiarum. Agronomy, v. 40, €39449, 2018
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With the absence of oxygen, the onset of
fermentation metabolism by induction of ADH is
favoured, in which acetaldehyde is reduced to
ethanol by adenine nicotinamide dinucleotide
(NAD). According to Veiga et al. (2010), this
enzyme 1is important, once it
acetaldehyde into ethanol, a compound with less

converts

toxicity, and slows down the deterioration
process. Thus, seeds are less sensitive to the
deleterious effects of acetaldehyde with higher
ADH activity (Carvalho et al., 2014). Therefore, it
is possible to state that the seeds of cultivars 1 and
2 are more protected, as the expression of the
ADH enzyme in those cultivars, both in seeds
submitted to traditional ageing and with NaCl
(Figure 7), presented higher band expression.
This result is in accordance with that of Carvalho
et al. (2014), who found higher ADH expression
in seeds of cultivars with better physiological
quality.

From ADH expression (Figure 7), it was
possible to observe the low enzymatic activity of
ADH in the seeds of cultivars 3 and 4,
corroborating the adequacy results of the

accelerated ageing methodology.

]
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(1 Q (t) C4 (cil
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Figure 7. Expression of alcohol dehydrogenase extracted from
sesame seeds of cultivars G2 (C1), G3 (C2), G4 (C3), and BRS
SEDA (C4), submitted to accelerated ageing tests: traditional
(H,0O) and with saturated sodium chloride solution (NaCl), for
different periods (0, 48, and 96 hours).

Because catalase is an enzyme involved in
hydrogen peroxide reduction, it controls these
endogenous peroxides through the oxidation cycle.
Thus, a reduction in the activity of this enzyme may
result in a reduction in the prevention of oxidative
damage, as with sunflower seeds, where a decrease
in the activity of catalase was observed, associated
with a loss of viability (Bailly, Benamar, Cobineau,
& Coéme, 1996). In Figure 8 it can be seen that in the
traditional accelerated ageing, the seeds suffered a
greater deterioration, confirmed by the smaller
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amount and intensity of bands, compared to ageing
using the saturated solution.

0 48 9 0 48 96 0 48 9 D 48 96 0 48 9 0 48 9 0 48 %6 0 4896
cl Q 7] & c ] 7] 7]
0 NaCl

Figure 8. Expression of catalase extracted from sesame seeds of
cultivars G2 (C1), G3 (C2), G4 (C3), and BRS SEDA (C4),
submitted to accelerated ageing tests: traditional (H,O) and with
saturated sodium chloride solution (NaCl), for different periods
(0, 48, and 96 hours).

These results corroborate those of Demirkaya,
Dietz, and Silvritepe (2010), who stated that a general
decrease in seed CAT activity decreases the respiratory
capacity, reducing the energy supply (ATP, adenosine
triphosphate), for seed germination.

Considering the aforementioned, when comparing
the results of isoenzyme expression and those observed
in the physiological tests with seeds submitted to
traditional accelerated ageing and saturated NaCl
solution, it was possible to observe that there was a
significant variation in the intensity of isoenzyme
expression, as seed deterioration progressed.

Conclusion

The accelerated ageing test using saturated NaCl
solution at 45°C for a period of 48 hours is effective
in evaluating the quality of sesame seeds.

There are variations in the expression pattern of
the enzymes EST, CAT, ADH, and ICL during
accelerated ageing processes for sesame seeds.

The esterase pattern for sesame seeds submitted
to traditional accelerated ageing for 48 hours was
able to distinguish cultivar 1 from the other
cultivars.
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