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Rapid Deter mination of Rice Seed Vigor by Utraweak Chemilumines

cence During Early Imbibition

CHEN WerrLi XINGDa“~ HE Yong Hong

(Institute of Laser Life Science, South China Normal University , Guangzhou 510631, China)

Abdgract:  With  high-sendgtivity  sngle-photon
counter , ultraweak chemiluminescence (UCL) study
onrice (Oryzasativa L.) seeds stored for different
years was carried out. Theintendty of UCL wasob-
srved to be related to the degree of aging of rice
seeds during early imbibition (0 - 30 min). Rice
seeds with longer storage time had lower intendty of
UCL during early imbibition. The germination rate
of rice seeds showed a dgnificant postive correlation
with the intensity of UCL. Singlet oxygen (*0,) in
rice seeds during early imbibition was investigated by
chemiluminescence (CL) method usng a sendtive CL
probe MCLA (2-methyl-6- ( p-methoxyphenyl)-3,7-
dihydroimidazo [ 1,2a] pyrazin-3-one). The output
of , showed a high positive correlation with the ger-
mination rate. Andyd's based on the experimenta re-
sults demonstrated that UCL in rice seeds during early
imbibition coud be atributed manly to dnget oxygen
(*0,). The UCL techniqueisapotentid way in daborat-
ing afagt , quantitative and norrinvadve method for rgpid
determination of the degree of aging rice seed.
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The study of ultraweak chemiluminescence
(UCL) of plant and its applicationsin agriculture has
had very sgnificant achievements. In recent years,
many evidences have been accumulated that interac
tions between water and cereal dgnificantly affect the
procesing, storage and the quality of cerea products
(Yawinska et al. 1998, Gorski and Hawinska
1998) . Chemiluminescence(CL)-based methods have
recently been developed for monitoring the deteriora
tion of food and investigation of reactions of water
with cerea products. It has been shown that the in
teraction between water and dry cered grains, flour
and bread products results in much stronger CL
(Qawinska et al. 1998:;: Jawinska and Sawinski
1997 ,1998a,b) . However , no research on its nature
and properties and mechanisms of formation of the

substances with such properties and possble analytica
methodsof the water-induced CL from rice seeds dur-
ing early imbibition has been done.

The study of seed quality has become one of hot
gootsin sed stiences recently. There are a number of
reports and reviewson seed aging and the lossof viar
bility , resulting from accumulation of free radicas
(George and Hendry 1993) . One of the UCL of liv-
ing systems results from ©, generated in biological
metabolism. The aimsof the present work are to de-
termine (i) whether the UCL in rice seeds during early
imbibition is correlated to 'O, of thefree radicd resctions,
and (ii) whether rapid evduation of the aging degree of
rice seed can be done by measuring the UCL.

In the present study , the vigor of rice seeds was
examined by measuring the differential characters of
the seed UCL intensty during early imbibition (O -
30 min) . We first observed that the aging degree of
rice seeds was correlated to the intendty of UCL dur-
ing early imbibition. The germination rate of rice
seeds showed a sgnificantly podtive correlation with
theintensty of UCL. Snglet oxygen (* O,) in rice
seeds during early imbibition was detected by a sens-
tive CL probe 2-methyl-6- ( p-methoxyphenyl)-3, 7-
dihydroimidazo [ 1, 2a] pyrazinr3-one (MCLA)
(Nakano 1998, Wang and Xing 2002) . Additiona
evidence for 'O, came from the quenching effect of
sodium azide (NaN3) on MCL A-mediated CL , which
showed a high postive corrdation with the germina
tion rate. Analyds based on the experimental results
demonstrated that UCL in rice seeds during early imr
bibition could be attributed to singlet oxygen (* O,).

We suggested that UCL technique coud be a poten-
tid way in daborating a fast, quantitative and nonr
invasve method for the rgpid determination of the
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degree of aging of rice seed.
1 Materialsand Methods

1.1 Materials

Regular rice ( Oryza sativa L.) seeds of the
8072-2 were taken from Guangdong Academy of A-
gricultural Sciences. They were harvested in July of
1996, 1998, 1999 and 2001. All the sanples were
taken in separate cloth bags, stored in a dedccator
with dlica gel and kept at room temperature. Healthy
seeds in al experiments were sdlected and prepared
carefully. MCLA , purchased from Tokyo Kassi Ko-
gyo CO., Ltd., concentrations were based upon

€430m= 9.6x10%(mol/L) "*cm™*.

1.2 Determination of CL

CL measurements were made with a low noise
and high-sendtivity sngle photon counting (SPC)
device developed by oursdves (Fig. 1). The system
consstsof atemperature-controlled lightless sampling
box, a dngle photon counting photomutiplier tube
(PMT; MP962, Perkin Elmer Optoeetronics, Wies
baden, Germany) and a computer-controlled photon
counter module. The senstive part of the gectrum of
the PM T’ s photocathode was 185 - 850 nm and the
typical quantum efficiency was 20 %. The dark count
rate was about 25 counts per sscond (cps). Before
the measurement of CL , equal number of rice seeds

‘ aitiniolles

E 1,

were weighed, put in a quartz cuvette and kept in
sample pondsof the dark box and kept in the dark for
20 - 30 min to avoid photo-induced delayed |umines
cence, then the measurement began. After the aver-
age photon count rate from the dry samples had stabi-
lized , an gppropriate amount of digtilled water or andyti-
cd reagents were injected equably into the cuvette through
alight-tight auto-injector controlled by a computer. The
whole data acquidtion time of each experiment was albout
30- 50 min. Theintendty of CL was normdized to qos
per gram dry weight (cps g DW).

All operations were performed in thiplicates
measurements at 25 , and a relative humidity 65 %
in complete darkness. The results of measurements
presented in the text are the average CL intendty of
three replicates samples after deduction of the dark
oounts (scattering background and dark current) .
1.3 Maeasurement of freeradical production

Free radica production was determined by usng
CL probe MCLA. MCLA can sdectively react to
both O,and * O, generated in biologicd systems
(Nakano 1998) . MCLA has been used to measure Ocor *
O, formation in vivo and in vitro (Wang and Xing
2002, Uehara et al. 1991, Masuda et al. 2001, Koga
et al. 1991). The measurements were performed in
deionized doubly digtilled water. The background sgnd

Fig.1 A schematic representation of the dngle photon counting syssem for measurements of CL

Congtant temperature room was 25

, relative humidity was 65 %.
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was about 45 ¢ps. The method of measurement was
the same as that of 2. 2, the quantity of 10, was
measured by the quenching effect of dium azide
(NaN3z) on MCLA-mediated CL .
1.4 Germination tests

Germination tests were carried out on three
replicates of 50 seedseach , tranderred to filter paper
moistened with 10 ml distilled water in each of Petri
dish. Germination data were recorded ater 14 d of
s*ed aking. The germination rates of the seeds
harvested in 2001, 1999, 1998 and 1996 were mean
of three replicates.

2 Results

2.1 UCL kinetic curves and relationship between
UCL and germination rate

The UCL kinetic curves were shown in Fig. 2.
The dry rice seeds exhibited low UCL intendty with
a dgna-to-noise (S N) ratio of 1. 5. Addition of
water resulted in a rgpid increase of light emisson
from seeds, with the S N value exceeding 5. The e
misson had a rapid ascending stage in the first few
minutes, asthe ascending part of an curve. Then the
emisson reached a dationary state and decreased
very dowly. The shgpe of kinetic curves and the in-
tendty of CL depended on the degree of aging of rice
seeds. The longer the seed was stored , the lower the
intendty
of the UCL in the early imbibition period (Fig.2).
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Fig.2 Kineticsof UCL from seedsof rice cv. 80722 of the

different aging degree upon treatment with distilled water (ar-

row)

Curves1, 2, 3 and 4 gtand for the years of harvesting 2001 ,

1999, 1998 and 1996 regpectivey.
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Fig.3 Rdationship between UCL during early imbibition and

germination rates

The germination rates of the seeds harvested in 2001, 1999,
1998 and 1996 were 97.4 %, 84.3 %, 74.7 % and 49. 6 %,
regectively, mean of three replicates. The intendty of UCL
was the mean of values taken during 800 - 1 200 s.

The germination rate of rice seeds had a high sgnifi-
cant podtive correlation to the average intendty of
UCL which was the mean of val ues taken during 800
- 1200 s (Fig.3) , with a correlation coefficient of
0.99.
2.2 MCLA-mediated CL Kinetic curves and rela-
tionship between 'O, production and germination
rate

MCLA can selectively react with both O, and *
O, generated in biologica systems, and has been
widely used as a sendtive method for the assessment
of the capacity of biologica systems to produce O,
and 'O, (Wang and Xing 2002 , Uehara et al. 1991,
Masuda et al. 2001, Koga et al. 1991). Fig. 4
showed that the background light emisson of MCLA
was about 45 ¢ps. Dry rice seeds exhibited low UCL
intendty with an § N ratio of 1.5. The addition of
MCLA resulted in an immediate and sharp increase
in light emisson from seeds, with § N ratios reach-
ing 25- 75. Theintendty of CL became lower with
an increase in storage time (Fig. 4A) . 'O, camefrom
the quenching efect of sodium azide (NaN3z) on
MCL A-mediated CL (Fig.4B). Theoutput of 'O of
rice seeds showed a high postive correlation to the
germination rate, with a correlation coefficient of 0.
92 (Fig.5).
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Fig.4  Kinetic curvesof MCLA-mediated CL from seedsof rice cv. 80722 with different aging degrees of aging
MCLA (1 mmol/L) , deionized doubly digtilled water and NaN3 (1 mmol/L) were added at the point indicated by the arrow. Curves

1,2, 3 and 4 stand for harvesting year 2001, 1999, 1998 and 1996 regectively.
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Fig.5 Rdationship between the output of 'O, during early
imbibition and germination rates

The quenching efect of NaN; on MCL A-mediated CL is due to
the output of *O,. The germination ratesof the seeds harvested
in 2001, 1999, 1998 and 1996 were 97. 4%, 84. 3%,
74.7 % and 49. 6 % regectively , each the mean of three repli-
cates. Theintendty of CL was the mean of values taken during
800- 1 200 s.

3 Discussion

It iscommonly accepted that the UCL of living
systems resultsfrom the dectronicaly excited triplet
state peroxidation of unsaturated fatty acids, or from
0, and the excited triplet state carbonylsof the dis
mutation of peroxyradicals generated in biological
metabolism.

Our results showed that the UCL in rice seeds
during early imbibition gradually decreased with the
increase in yearsof sorage (Fig.2) . Theintensty of

UCL showed a sgnificant postive correlation to the
germination rate of rice seeds with germination test ,
r =0.99 (Fig.3). The uptake of water by seedsis
an esentid |, initid step toward germination. Water
probably very rapidy enters the periphera cells of
the seed and the tissues as small as the radicle.
Metabolism can commence during this first phase,
within minutes after introduction of the seed to water
(Bewley and Black 1985). Deamination and
transamination of amino acid begin in the first few
minutes of imbibition (Bewley and Black 1985).
The product of oxidative deamination isa-ketoacid
and ammonia. In fact, this reaction conssts of two
steps: dehydrogenate and hydrolyss. Amino acid
oxidase of cataytic dehydrogenation reaction is a
flavoprotein, which receives hydrogen from amino
acid to form reduced flavoprotein. Then the hydro-
gen of reduced flavoprotel n combines with oxygen di-
rectly to produce hydrogen peroxide (H,O;) which
can be a ource of hydroxyl radica ¢ OH) when tran-
dgtion metal ions such as ferric and cupric ions are
present. - OH results to peroxidation of lipid in the
cell membranes of dry seeds. Excited carbonyl and
snglet oxygen arise from lipid peroxidation. CL is
usualy thought to be produced during the deexcitar
tion (directly or indirectly) of high-energy excited
carbonyl and snglet oxygen. The higher the seed
vigor is, the stronger the seed metabolism will be.
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S the generation of *O, from seeds of high viability
is more than that from those of low viahility , and the
UCL in high vigor seedsis stronger than that in low
vigor ones. However , 'O, can be generated through
other metabolic pathways in rice seeds during early
imbibition, the mechanism of which need be €uci-
dated.

The singlet oxygen (* O;) with lowest excitar
tion plays an important role in biologica sysem, but
direct detection of the highly reactive short-lived 'O,
in biological system isextremdy difficult because the
quantum yield of itsinfrared emissonis 10 ®at best
(Wang and Xing 2002) . CL has been widely used as
a method to assess the cgpacity of biologica systems
to produce reactive oxygen species (ROS) (Raha et
al. 2000). MCLA , asa sendtive CL probe, can s
lectively act on 'O, generated in biological systems
and magnify the sgna. MCLA has been used to
measure the formation of O, or O, in vivo and in
vitro (Nakano 1998 , Wang and Xing 2002 , Uehara
1991 et al., Masuda et al. 2001). Our results
showed that the intensty of MCLA-mediated CL
gradualy decreased with an increase in number of
yearsof storage (Fig.4A) . The determination of ‘O,
is based on the quenching effect of NaN; on MCL A-
mediated CL (Fig.4B) , 'O, production in rice seeds
during early imbibition showed a high postive corre-
lation with the germination rate with r =0.92 (Fig.
5).

Nandi et al. (1997) found that a sgnificant
decrease in stable free radical accumulation in rice
seeds during aging under natural conditions with
electron paramagnetic resonance regponse ( EPR)
technique. Infact, it is remarkable that there have
been ©© many posdtive correlations between EPR re-
gonses, lipid anadyses and viability (Bajpa et al.
1991) . Working on various fresh and aged seeds of
plant gecies (barley, wheat , tomato, onion and
pepper) , Conger and Randolph (1968) suggested
that the endogenous free radical oconcentration in
fresh, dry seeds might decay with age, causng cell
damage through a series of radical-molecule reactions
asit decays.

In concluson, it has been shown in our study
that there is a clear relationship between UCL and

seed vigor during natura aging. The germination
rate of rice seeds have a dgnificant postive corrda
tion with the intendty of UCL during early imbibi-
tion (0 - 30 min). The generation of 'O, in rice
seeds during early imbibition was detected by MCLA
which showed a high postive correlation with germi-
nation rate. Anayss based on the experimenta re-
sults demonstrated that the UCL in rice seeds during
early imbibition can be attributed mainly to dnglet
oxygen (* O,).

The correlation between the intendty of UCL
during early imbibition and degree of aging of rice
seeds reported here led us to the concluson that the
UCL technique is a potential way in eaborating a
fast , quantitative and norrinvasve method for rapid
determination of the degree of aging rice seed.
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