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Abstract

Seed deterioration is expressed as the loss of viability, vigour and quality during ageing. The
major causes of seed deterioration refer to free radical-mediated lipid peroxidation, enzyme
inactivation or protein degradation, disruption of cellular membranes and damage to genetic
integrity. Accelerated ageing (AA) is a simple method for studying the mechanisms of deterio-
ration over short periods. In order to estimate the deterioration rate, seeds of four maize geno-
types were exposed to accelerated ageing for different time points (three and six days of AA). In
parallel, the same genotypes were evaluated regarding the content of total phenolics, phenolic
acids, flavonoids and anthocyanins, as well as regarding total antioxidant capacity. Compared
to non-stressed seeds, ageing was evidenced by decreased germination energy (48.9%), a total
number of seedlings (40.8%) and seedlings growth (70.0% for root length, 44.0% and 10.5% for
root and shoot fresh weight, 5.0% for seed rest fresh weight, 12.0% and 11.5% for root and shoot
dry weight, 15.3% for seed rest dry weight, respectively), as well as by an increased number of
abnormal seedlings (22.0%). Correlation analysis revealed that higher content of total phenolics,
flavonoids and anthocyanins contributed to a higher radical scavenging activity, which was re-
flected through a lower level of deterioration rate, both regarding the energy of germination and
overall seedling performance.
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Introduction sub-optimal conditions), it usually progresses
at a faster rate (Groot et al., 2012). Relative hu-
midity (RH) that controls seed moisture con-

tent and the temperature are the major factors

Seed ageing is a natural phenomenon that
causes various physical, physiological and bio-
chemical changes (Walters et al., 2010). These

deteriorating events that occur within seed
cells diminish the viability, vigour and quality
of seeds, finally resulting in seed death (Laksh-
mi et al,, 2021). Being programmed by genetic
information specific to the species, seed age-
ing normally proceeds at a slower rate under
the optimal conditions; however, under the
stress imposed by adverse environment (i.e.,
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that determine the seed deterioration rate. Al-
though it should be mentioned that the process
of artificial ageing might physiologically differ
from the natural seed deterioration (Loy-
crajjou et al., 2008), accelerated ageing (AA) is
a benchmark stress-test technique extensively
employed in real-life seed processing to find
the potential shelf-life of seed.
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Free radicals, i.e. reactive oxygen species
(ROS), are unavoidable side-products of nor-
mal plant cell metabolism (Kurek et al., 2019).
However, during natural or artificial ageing
(i.e., accelerated ageing), the cellular homeo-
stasis is disrupted, and the level of generated
ROS is enhanced (Yu et al., 2021). Therefore,
a proper balance between free radical produc-
tion and scavenging is necessary for optimum
physiological function. Antioxidants such as
phenolic acids, flavonoids, and anthocyanins
are potent free radical scavengers, thus con-
tributing to the alleviation of ROS-induced ox-
idative damage (Deng et al., 2017).

Accordingly, this study aimed to evaluate
the possible protective role of different phe-
nolic compounds from seeds by comparing the
performance of maize seedlings obtained from
non-stressed and accelerated aged seeds.

Material and methods
Plant material

Three inbred lines (of semi-flint and dent
kernel type) and one local maize landrace
(popcorn type) were used for this experiment.
The genotypes were chosen on the basis of seed
coat colour (Picture 1).

white semi-flint yellow dent

dark red popcorn

Picture 1. The evaluated maize genotypes
Slika 1. Ispitivani genotipovi kukuruza

The inbred lines were selfed, while the lan-
drace was multiplied via pair crossing by hand
(i.e., full-sibling) in 2020 at Zemun Polje, Ser-
bia (44°52'00" latitude N, 20°19'00" longitude
E, 81 m altitude), in a two-replicate trial set
up according to a randomized complete block
design. Standard cropping practices were ap-
plied in the autumn and in the spring, before

sowing. Also, weeds, pests and diseases were
adequately controlled. After manual harvest-
ing and drying to 14% water content, the gen-
otypes were stored at medium-term conditions
(+4°C and 45% RH) for five months until lab-
oratory analyses. The list and the information
on the evaluated maize genotypes are given in
Table 1.

Table 1. Passport data and kernel type of examined maize genotypes
Tabela 1. Pasoski podaci i tip zrna ispitivanih genotipova kukuruza

Genotype (name) Genotype type Origin Country of origin

ZPL-1 inbred line CYMMIT (tropical) Mexico

ZPL-2 inbred line lowa dentjlocal United States
population

ZPL-3 inbred line Lancaster-sqre crop United States
population

ZPP-1 selfed landrace MRI gene bank Serbia

CYMMIT - International Maize and Wheat Improvement Centre; MRI — Maize Research Institute
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Laboratory analyses

In Maize Research Institute (MRI) Seed
Testing Laboratory, seeds were exposed to
accelerated ageing at 42°C and 100% RH for
different time points (three and six days of ac-
celerated ageing). Three biological replicates
were performed for each treatment, as well
as a germination assay with 50 seeds per rep-
licate. Afterwards, the standard germination
test, conducted according to the ISTA Rules
(2018), was applied on both non-stressed
(control seed) and accelerated aged seed. The
between-paper method was used, at 20/30 °C,
with a photoperiod of 8 h/16 h (light/dark).
Evaluation of normal seedlings was done after
four days (i.e., First count) and after seven days
of germination (i.e., Standard germination).

Upon completion of the standard ger-
mination test, seedlings growth parameters
were measured on ten seedlings per replicate,
and obtained values were averaged. Seedlings
length (L), as well as seedlings fresh weight
(FW), were measured for shoot, root and seed
rest separately. After oven-drying at 40 °C
for 12 h until constant weight, seedlings dry
weight (DW) was determined.

Chemical analyses

Chemical analysis regarding phenolic com-
pounds content, conducted on non-stressed
seeds only, was done in MRI Laboratory of
Food Technology and Biochemistry. The idea
was to evaluate to what extent the phenolic
content per se (i.e., the content of antioxidants
from non-stressed seeds) will contribute to a
diminished deterioration rate imposed by ac-
celerated ageing. For this purpose, maize seed
samples of each genotype were milled into a
fine powder (particle size <500 pum, Perten 120,
Sweeden).

Analysis of individual phenolic acids was
done according to the method described by
Zili¢ et al. (2012), with content expressed as
ug g'DW. The total phenolics content was de-
termined according to the Folin—Ciocalteau
procedure (Hagerman et al., 2000) and ex-
pressed as ug of gallic acid equivalents (GAE)
g'DW. The total flavonoids content was deter-

mined according to Zhishen et al. (1999) and
expressed as pg of catechin equivalents (CE)
g'DW. Anthocyanins were extracted accord-
ing to the slightly modified method described
by Abdel-Aal and Hucl (2003), with con-
tent expressed as pg of cyaniding 3-glucoside
equivalents (CGE) g'DW. The total antioxi-
dant capacity, expressed as Trolox equivalent
antioxidant capacity (TEAC) in pmol Trolox
g'DW, was determined by the QUENCHER
method (Serpen et al., 2008) using ABTS rea-
gent and DPPH radical.

Statistical analysis

SPSS software for Windows, version 14.0
(SPSS Inc., Chicago, IL, USA), was used for the
statistical analyses. Pearson’s correlation coeffi-
cient is used to determine the relationship be-
tween the measured phenolic compounds con-
tent and the obtained seedlings performances.

Results and discussion

Seed ageing is a natural process and it is
most frequently expressed as a reduction of
germination, a process of which can be accel-
erated by unfavourable environmental condi-
tions such as high humidity and temperatures
(Machado Neto et al., 2001; Donohue et al.,
2010). To achieve germination, the mature or-
thodox maize seed employs three main phas-
es, starting with the imbibition (water uptake;
phase I), which is followed by the germination
sensu stricto (true germination process — lag
phase; phase II), and ending with embryon-
ic axis elongation and the radicle emergence
(seedling growth; phase III) (Aragdo et al,
2015). Both viable and non-viable seeds will
exhibit phases I and II of water uptake, but only
viable seeds are capable of entering phase III,
which marks the completion of germination
(Nonogaki et al., 2010). Compared to the non-
stress seeds (i.e., control seeds), exposure to
extreme humidity (~ 100%) during 3-day AA
treatment triggered the imbibition and result-
ed in an average increase of kernel fresh weight
(KFW) for 28.3% in all genotypes evaluated.
After 6-day AA treatment, a slightly more pro-
nounced increase of KFW was observed, rang-
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ing from 31.1% to 32.3% to 36.3% for ZPL-1
(white inbred), ZPL-2 (yellow inbred) and
ZPL-3 (red inbred), respectively. In dark red

landrace, ZPP-1 was found the highest KFW
increase of 43.3% (Figure 1).
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Figure 1. The effect of accelerated ageing on maize seedlings performance (the percentage of change for
measured parameters; C - values measured under optimal conditions given as 1 (100%))

Grafikon 1. Efekat ubrzanog starenja na performansu klijanaca kukuruza (procenat promene merenih
parametara; C - vrednosti pri optimalnim uslovima date kao 1 (100%))

It was reported that exposure to subopti-
mal conditions of accelerated ageing for 72 h
(humidity of ~ 100% and temperature of 44°C),
significantly decreases the germination rate
and accelerates the deterioration of cellular
components (Lakshmi et al., 2021). This is, to a
higher extent, in line with our results. Namely,
in comparison to the KFW, an opposite trend
of change regarding the energy of germination
(EG) was observed in response to AA treat-
ments for the majority of evaluated genotypes
(Figure 1). After 3-day AA treatment, the white
ZPL-1 and yellow ZPL-2 inbreds exhibited de-
creased EG by 10.6% and 20.4%, being the same
genotypes that expressed the most pronounced
EG decrease of 48.9% and 22.4% after 6-day AA
treatment, respectively. On the other hand, af-
ter 3-day AA, the red ZPL-3 inbred and dark
red ZPP-1 landrace exhibited an EG increase
of 23.7% and 25.7%, respectively. Moreover, in
study on maize hybrids that belong to the single
cross varieties has not been found any signifi-
cant change of germination rate during the first
five to six days of accelerated ageing compared
to control seed (Simi¢ et al., 2004).
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In response to decreased germination rate
and accelerated deterioration of cellular com-
ponents, the increased requirement for repair
leads to a delay to radicle emergence and re-
duced germination performance, ultimately
failing to germinate and loss of seed viability
(Rajjou et al., 2012). In our study, as with the
EG, the same trend of change in response to
AA treatments was observed for a total num-
ber of seedlings (TNS). After 3-day AA, the red
ZPL-3 inbred and dark red ZPP-1 landrace ex-
hibited a slight TNS increase of 4.3% and 2.1%,
respectively. After 3-day AA, the white ZPL-1
and yellow ZPL-2 inbreds exhibited decreased
TNS by 4.1% and 16.0%, being the same gen-
otypes that expressed the most pronounced
TNS decrease of 40.8% and 22.0% after 6-day
AA, respectively (Figure 1).

In addition, seed ageing not only delays
radicle emergence but, in many species leads to
abnormal or weak seedlings (Powell and Mat-
thews, 2012). Compared to the non-stressed
(i.e., control) seeds, the effect of AA treatments
resulted in a highly significant increase of the
number of abnormal seedlings (NAbS), ob-
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served in white ZPL-1 (thirteen-fold at 3-day
AA and fifteen-fold at 6-day AA) and ZPL-2
inbreds (two-fold increase at 3-day AA and
eleven-fold at 6-day AA), respectively. In com-
parison to control seeds, red ZPL-3 inbred
expressed the absence of abnormal seedlings
under 3-day AA; however, 6-day AA resulted

in a seven-fold NADS increase. The best per-
forming genotype in terms of the appearance
of abnormal seedlings was the dark red pop-
corn ZPP-1 landrace (75.0% NADS decrease at
3-day AA and the same level of NADS as non-
stressed seeds at 6-day AA) (Figure 2).
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Figure 2. The effect of accelerated ageing on the number of abnormal maize seedlings (the percentage of
change for measured parameter; C - values measured under optimal conditions given as 1 (100%))

Grafikon 2. Efekat ubrzanog starenja na broj nenormalnih klijanaca kukuruza (procenat promene merenog
parametra; C - vrednosti pri optimalnim uslovima date kao 1 (100%))

The study on a variety of plant species re-
ports that seedlings root and shoot length are
significantly decreased after each period of ac-
celerated ageing but the rate of reduction was
not varying significantly within the same plant
species (Govindaraj et al., 2017). In our study, it
was not the case for 3-day AA treatment, since
the majority of evaluated maize genotypes ex-
hibited increased seedlings root length (RL) by
6.7% (ZPL-1), 13.8% (ZPL-2) and 5.8% (ZPP-1),
respectively, while ZPL-3 was the only inbred
that showed 5.0% of RL decline. However, in re-
sponse to 6-day AA, seedlings RL decreased by
69.0%, 40.0%, 29.4% and 16.7% in ZPL-1, ZPL-
2, ZPL-3 and ZPP-1, respectively (Figure 3).

As with the seedlings RL, the same trend of
change in response to accelerated ageing was
found for seedlings shoot length (SL). Under
the 3-day AA treatment, SL increase ranged
from 18.9% in ZPL-1 to 48.0% in ZPP-1, being
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slightly pronounced under 6-day AA treatment
(from 5.5% in ZPL-1 to 74.9% in ZPP-1 in-
crease, respectively) (Figure 3). The same trend
in seedlings growth parameter expression, i.e.
increased SL, could be explained by the fact that
the seedling growth is a morphogenetic expres-
sion of genetic programming. This morphoge-
netic expression leads to elongation of radicle
and plumule at a more or less defined rate under
a particular environmental condition. Under
the similar environmental condition, which is
in our case 3-day or 6-day AA treatment, the
growth of the seedlings takes on a defined tem-
poral pattern, which is the manifestation of the
sum, total of activities increasing cell number,
cell expansion, fresh and dry weight. Alterations
of the environmental condition can modify the
seedling growth in different ways affecting vari-
ous growth parameters (Kapoor et al., 2010).
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Figure 3. The effect of accelerated ageing on maize seedlings growth parameters (the percentage of change for
measured parameters; C — values measured under optimal conditions given as 1 (100%))

Grafikon 3. Efekat ubrzanog starenja na parametre rasta klijanaca kukuruza (procenat promene merenih
parametara; C - vrednosti pri optimalnim uslovima date kao 1 (100%))

Concerning the changes in seedlings root
fresh weight (RFW) and shoot fresh weight
(SFW), as well as the seed rest fresh weight
(SRFW), the evaluated genotypes exhibited
quite opposite trends in response to AA treat-
ments (Figure 3). The majority of the geno-
types showed a decline in RFW (from 3.5% to
9.0% decline under 3-day AA treatment), being
more pronounced under 6-day AA treatment
(from 17.1% to 44.0 % decrease under 6-day
AA treatment). In opposite to RFW, the major-
ity of the genotypes showed an increase in SEW
(from 0.8% to 47.7% increase under 3-day AA
treatment), being also more pronounced un-
der 6-day AA treatment (from 11.7% to 36.9
% decrease under 6-day AA treatment). The
exceptions were the red ZPL-3 (1.4% SFW de-
cline at 3-day AA) and the white ZPL-1 (10.5%
SEW decline at 6-day AA) inbreds. As with the
SEW, the same trend of change in response to
AA treatments was observed for SREW. The
average increase in SRFW was 4.5%, being
quite the same for both 3-day AA and 6-day
AA treatments. Moreover, the same genotypes
that exhibited a decrease in SFW also exhibited
a decrease in SRFW (i.e., 3.0% decline at 3-day
AA for ZPL-3 and 5.0% decline at 6-day AA for
ZPL-1, respectively).
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In response to accelerated ageing, the
same trend in change was observed for root
dry weight (RDW), shoot dry weight (SDW)
and seed rest dry weight (SRDW). At 3-day
AA, average RDW, SDW and SRDW reduc-
tion was 7.5%, 6.8% and 9.2%, respectively.
At 6-day AA, slightly pronounced reductions
were observed (i.e., an average decrease of
12.0%, 11.5% and 15.3% for RDW, SDW and
SRDW, respectively) (Figure 3). Our results
are in line with the reported decreased cotton
seedlings dry and fresh weights, and seedlings
length upon accelerated ageing (Basra et al.,
2003). The observed seedlings DW decrease,
associated with a reduction in various growth
parameters (EG in particular) of artificially
aged maize seedlings, can be considered as a
reflection of biochemical and hormonal im-
balance. The possible reason for this reduction
might be the lowering of biochemical activities
in seeds enzymes that are necessary to convert
reserves within the embryo to a usable form
and ultimately production of normal seedlings
(Kapoor et al., 2010).

Reactive oxygen species (ROS) produced
during imbibition are an important causative
factor of seed ageing, although significantly
ROS also play critical roles as signalling fac-
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tors that promote germination (Kranner et al.,
2010). To minimize damage to cellular struc-
tures and biological molecules from exceeded
seed imbibition that occurs during accelerat-
ed ageing, orthodox seeds have evolved pow-
erful protection and repair systems, such as
increased synthesis of phenolic compounds
(Powell and Matthews, 2012). Phenolics (phe-
nolic acids, simple and complex flavonoids
and coloured anthocyanins) are an important
and the most pronounced group of secondary
metabolites found in plants, with a variety of
physiological roles including ROS scavenging,
enzyme activation, photoprotection, and sig-
nal regulation (Babbar et al., 2014).

The increase in studies on understanding of
vigour has stimulated the investigation of bio-
chemical components and their function in the
physiological quality of seeds since these com-
pounds can be used as biomarkers through the
manipulation and enrichment of the tissue’s
composition (Yan et al.,, 2014). To determine
the influence of the phenolic compounds con-
tent per se (i.e., in non-stressed seeds) on seed-
lings performances upon accelerated ageing,
maize genotypes of different seed coat colours
were chosen.

It has been reported that the genotypes
with more pigmented seed coats are more re-
sistant to imbibitional damage (conditions of
deteriorated-humidity induced by AA treat-
ments) than are pale varieties, and with higher
germination rates (Gomes and Garcia 2013).
In the present study, in comparison to con-
trol seeds performance, the dark red seeds of
ZPP-1 and the red seeds of ZPL-3 showed high
germination rate (97.1% and 86.8%, respec-
tively); whereas the yellow seeds of ZPL-2 and
the white seeds of ZPL-1 exhibited 78.6% and
41.1%, respectively. The colour formation at
seed coat is mainly attributed to the presence
of phenolic compounds such as flavonoids and
anthocyanins. According to biochemical anal-
yses, the yellow ZPL-2 inbred expressed the
highest total flavonoid content (281.20 ug CE
¢! DW), followed by red ZPL-3 inbred, dark
red ZPP-1 landrace and white ZPL-1 maize in-
bred (i.e., 267.58, 270.54 and 248.64 pg CE g
DW, respectively).

The availability of phenolics as natural
antioxidants was reported to be one of the
seed quality parameters (Dona et al., 2013).
The seed antioxidants reduce lipid oxidation,
protect the genetic material and essential bio-
molecules and delay the ageing in seed tissues
(Kumar et al., 2015). The highest total phe-
nolics content (6044.5 and 6114.7 ug GAE g
DW) was achieved by anthocyanin-rich ZPL-3
and ZPP-1 genotypes (with 15.43 and 696.07
pug CGE g' DW of anthocyanin, respective-
ly), followed by a lower total phenolic content
(5227.1 and 5392.2 ug GAE g' DW) achieved
by the anthocyanin-free ZPL-1 and ZPL-2 in-
breds. Chemical analysis revealed the presence
of phenolic acids as antioxidants with potent
free radicals quenching ability important for
maintaining the homeostasis of ROS (Ma et
al., 2016), and the most abundant individual
phenolic acid was ferulic acid, with an average
value of 2796.48 ug g DW, followed by p-Cou-
maric (320.53 pg g' DW), and o-Coumaric
acid (15.55 ug g' DW).

Increased generation of ROS during the ger-
mination process could be neutralized by phe-
nolic compounds, due to their antioxidant ca-
pacity (Tiwari et al., 2018). In the present study,
the antioxidant capacity of seeds (TEAC) has
been determined as the free radical scavenging
ability using ABTS (2,2-azino bis/3-ethyl-beno-
thiazoline-6-sulfonic acid) reagent, as well as a
stable DPPH (2,2-duphenyl-1-picrylhydrazyl)
radical. Seeds of evaluated maize genotypes
exhibited different antioxidant capacity using
ABTS reagent: the dark red (ZPP-1) and red
(ZPL-1) genotypes achieved the highest TEAC
(i.e, 28.3 and 26.7 umol Trolox g' DW), fol-
lowed by yellow ZPL-2 (19.8 pmol Trolox g
DW) and white ZPL-1 inbreds (15.9 umol
Trolox g' DW), respectively. The same trend
in TEAC, although slightly lower, was obtained
by DPPH radical (i.e., 29.2, 26.1, 16.0 and 13.7
pumol Trolox g' DW, respectively). A strong
positive correlation between the phenolic com-
pounds content and the antioxidant capacity
has been observed (Pang et al., 2018), which
is highly in line with our results (r=0.991 and
r=0.994, p<0.001 between total phenolics con-
tent and TEAC (ABTS) and TEAC (DPPH)).
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The speed of cellular repair activities (such
as the synthesis of phenolic compounds) that
facilitate recovery from exceeded seed imbibi-
tion during accelerated ageing, and the antiox-
idant capacity for this repair, are closely linked
to germination performance and the success-
ful establishment of the young seedling (Pow-
ell and Matthews, 2012), which is fully in line
with the results obtained in this study (Table
2). Beside significant positive correlations with

total phenolics, flavonoids and anthocyanins,
the highest significant positive correlations
were observed between TEAC (ABTS) and
germination performance (i.e., EG: r=0.947;
TNS: r=0.853 and NAbS: r=-0.856, p<0.001,
respectively), i.e. successful establishment of
the young seedling (RL: r=0.949; SL: r=0.934;
RFW: r=0.881; SFW: r=0.974 and SRFW:
r=0.925, p<0.001, respectively).

Table 2. Correlations between % change of maize seedlings growth parameters in response to accelerated

ageing and antioxidants content in seed

Tabela 2. Korelacije izmedu % promene parametara rasta klijanaca kukuruza izazvane ubrzanim starenjem i

sadrzaja antioksidanasa u zrnu

Seedlings

Ig,;‘:mters phz(l)ltoallics FA  p-CoumA o-CoumA TEAC ﬂT:‘f;‘L Total anth
(% change)

ABTS  DPPH

KEW 0.883°*  0.109 0524 -0.8320%  0.892° 0928  0.280 0.925%
EG 0.894%  0.123 0028 -0.650*  0.947*  0.895%*  0.698* 0652
TNS 0.775% 0256 0.190  -0.614*  0.853%* 0771  0.843%*  0.551
NAbS 0.782% 0198 0215 0555 L0.856"* 0770 -0.844"*  -0.497
RL 0.898°*  0.127 0050 -0.665*  0.949*  0.902** 0685  0.671*
SL 0.877%  0.186 0045 -0705*  0.934"* 0886  0.699*  0.698*
REW 0.818%  0.065 0.199  -0460  0.881%* 0795  0.803*  0.431
SFW 0.934%%  0.065 0144 -0.668°  0.974"*  0940**  0610*  0.702*
SREW 0.871%% 0234 0129 -0780% 0925  0.893*  0.645°  0.780**
RDW 0.082 0.771% 0780 0.345 0053 0077 L0.897*  -0.066
SDW 0.137 0.930%* 0593 0536  0.005 0.099 0.770%  -0.260
SRDW 0119 0432 0.951°%  0.057 0004 0161  0.867°*  -0.307

KFW - kernel fresh weight; EG - energy of germination; TNS - total number of seedlings; NAbS — number
of abnormal seedlings; RL - seedlings root length; SL - seedlings shoot length; RFW - seedlings root fresh
weight; SFW - seedlings shoot fresh weight; SRFW - seed rest fresh weight; RDW - seedlings root dry
weight; SDW - seedlings shoot dry weight; SRDW - seed rest dry weight; FA - ferulic acid; p-CoumA -
p-Coumaric acid; 0-CoumA - o-Coumaric acid; TEAC - total antioxidant capacity *,**,*** — significant at

p <0.05; 0.01 and 0.001 probability level, respectively

Accordingly, evidences on the correlation
of phenolic compounds, antioxidant capacity
and seed quality parameters substantiate that
the phenolics coupled with antioxidant capac-
ity could enhance the quality seed parameters
by protecting from mechanical and chemical
damage in maize (Kumar et al., 2020).
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Conclusion

The study prompted us to conclude that bi-
ochemical analysis regarding phenolics content
is a powerful tool for screening the physiologi-
cal quality of maize seeds and to predict the seed
vigour of the samples, thus providing a basis for
the genetic improvement of maize cultivars that
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aim at higher physiological seed quality. It has
been shown that genotypes with higher antiox-
idants content per se exhibited less pronounced
changes in seedlings growth parameters during
stress induced by accelerated ageing, and in
such a way evidencing the positive relation of
these bioactive compounds with the improved
vigour of the seeds. High-vigour seeds, being
with pigmented seed coat, have shown to be
more tolerant to stress and this higher toler-
ance is associated with higher total phenolics,
flavonoids and anthocyanins content, as well as
with higher total antioxidant capacity.
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ANTIOKSIDANTI IZ SEMENA KUKURUZA 1
UBRZANO STARENJE

Natalija Kravi¢, Vesna Dragicevié, Marija Milivojevi¢, Vojka Babi¢, Sladana Zili¢

Sazetak

Propadanje semena se ogleda u gubitku Zivotne sposobnosti, energije i kvaliteta. Dejstvo slo-
bodnih radikala dovodi do peroksidacije lipida, inaktivacije enzima, degradacije proteina, raza-
ranja Celijskih membrana i oSte¢enja genetickog materijala, i smatra se glavnim uzrokom propa-
danja semena. Ubrzano starenje, kao metod, omogucava proucavanje mehanizama propadanja
semena u kratkom vremenskom periodu. Za procenu stepena propadanja, seme Cetiri genotipa
kukuruza je izlozeno tretmanu ubrzanog starenja u trajanju od tri i Sest dana. Uporedo sa ovim,
kod istih genotipova je ispitivan sadrzaj ukupnih fenola, fenolnih kiselina, flavonoida i antoci-
jana, kao i ukupni antioksidativni kapacitet. Poredenjem sa nestresiranim semenom (kontrola),
starenje je rezultiralo padom energije klijavosti (48,9%), smanjenjem ukupnog broja klijanaca
(40,8%), smanjenjem rasta klijanaca (70,0% za duzinu korena, 44,0% i 10,5% za svezu masu ko-
rena i izdanka, 5,0% za svezu masu semenog ostatka, 12.0% i 11.5% za suvu masu korena i iz-
danka, 15.3% za suvu masu semenog ostatka, respektivno), kao i pove¢anjem broja nenormalnih
klijanaca (22,0%). Korelacionom analizom je utvrdeno da je povecani sadrzaj ukupnih fenola,
flavonoida i antocijana doprineo vecoj sposobnosti gusenja slobodnih radikala, reflektujudi se
kroz smanjen stepen propadanja semena, kako u pogledu energije klijavosti, tako i u pogledu
ukupne performanse klijanca.

Kljucne reci: antocijani, flavonoidi, energija klijavosti, fenolne kiseline, ukupni antioksidativ-

ni kapacitet, vigor, Zea mays L.
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