5450 J. Agric. Food Chem. 2002, 50, 5450-5457 JOURMNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Antioxidants, Free Radicals, Storage Proteins, and Proteolytic
Activities in Wheat (Triticum durum) Seeds during Accelerated
Aging

LuclANO GALLESCHI,* ANTONELLA CAPOCCHI, SLVIA GHIRINGHELLI, AND
FRANCO Saviozzi
Dipartimento di Scienze Botaniche, UniversitaPisa, via L. Ghini 5, I-56126 Pisa, Italy
LuciAa CaLuccl AND CALOGERO PiNzINO
Istituto per i Processi Chimico-Fisici, CNR, via G. Moruzzi 1, 1-56124 Pisa, Italy
MAURIZIO ZANDOMENEGH|I

Dipartimento di Chimica e Chimica Industriale, UniversitaPisa, via Risorgimento 35,
1-56126 Pisa, Italy

Accelerated aging was performed by incubation of wheat seeds at 40 °C and 100% relative humidity
for 3, 4, 6, 10, and 14 days. The effects of the treatment on seed germinability and on several
biochemical characteristics of flour (carotenoids, free radical and protein contents, and proteolytic
activity) and gluten (free radical content and flexibility) were evaluated. A decrease of germinability
was found during aging, the germination being completely inhibited after 14 days. The lutein content
decreased gradually, without going to zero, while that of free radicals increased. A reduction of soluble
proteins and a degradation of glutenins and gliadins were observed, associated with a substantial
increase of protease activity and a decrease in gluten flexibility. The results were discussed in reference
to those previously obtained by natural aging of wheat seeds of the same species and cultivar.
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INTRODUCTION evidence suggests that free radical peroxidative attacks to
membrane lipids could cause these degenerative evBhts (
However, at present, this model of seed deterioration remains
speculative 1—4).

Accelerated aging is a method using high temperature and
relative humidity that permits controlled deterioration of seeds,

Seeds deteriorate and lose their viability during periods of
prolonged storage. The two most important environmental
factors influencing the rate of deteriorative processes in seed
aging are the relative humidity of the air, which controls seed

moisture content, and the temperatufie-4). Considerable . )
P ;i nd is employed to foresee their storage poteral{owever,

research has occurred to achieve a better understanding of th hi cicial adi iaht be phvsiologically diff
physiology of seed deterioration. However, a common inter- this artificial aging process might be physiologically difterent
from natural aging. In fact, some authors questioned whether

pretation has not been formulated yet, due to many reasons

related to both the complexity of seed physiology and the variety phhysioflogic;Idev_ents occurlring_ durinﬁ accelerarl]ted agingl rzﬂzctﬁd
of methods employed4]. In fact, studies performed on seed those found during natural aging, whereas others concluded that

deterioration show that this process has devastating consephySic’logiC"jII changes in segds su.bjected to aqcelerated aging
guences on almost every physiological event in a normally were the Same as natural aging, with the only difference _bemg
functioning cell. In particular, DNA and RNA are somehow the rate at which _they oceur _(see reand refer_ences therein).
degraded leading to impaired transcription and translation, The answer to this dilemma is further complicated t?y the faCt
cellular membranes show an increased permeability, and changeg‘at' to the best of our knowledge, only few comparative studies

in carbohydrate reserves and antioxidants océ&4j. Most of naturz_al and accelerate(_j aging_ of seeds of the same species
and cultivar are reported in the literature.

In a previous study performed by our research grai)pthe
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investigated. Germination tests were performed on seeds,and 72 h, respectively, and is the number of seeds used in the test.
whereas organic free radicals content was measured in flour Coleoptile and primary root were measured after 72 h of seed
and gluten by electron paramagnetic resonance (EPR) andncubation in germination conditions.

carotenoids in flour were determined by RP-HPLC. Moreover, ~ Preparation of Flour and Gluten. Seeds were ground in a break
gluten flexibility was investigated using the spin labeling EPR roller-mill (Labormill 4 RB, Italy) and flour was stored at20 °C.
technique 8, 9), which has been revealed to be particularly CGluten was manually extracted from flour according to the following
useful for achieving information on the structure and dynamics procedure. Three milliliters of distilled water was adde&tg offlour,

of gluten proteins 10-12). In the present work, the same mixed with a glass rod and the so obtained dough was washed drop by

¢ d heat ds of th It drop with 300 mL of distilled water. Gluten was separated from flour
parameters were measured on wheat Seeds of the same CUltivay,  arer using a thin mesh net, frozen, lyophilized, homogenized in

during accelerated aging and the results were compared to thoscary conditions with a pestle and a mortar, and stored2°C. Gluten
previously obtained to assess whether physiological and bio- had a moisture content 076% and reconstituted readily with water at
chemical processes governing accelerated aging and dry storagéom temperature. Flour from seeds aged for 14 days was unable to
of seeds were identical. give gluten.

Findings on gluten from accelerated aged seeds prompted us Extraction of Carotenoids and Determination of Lutein. Caro-
to better investigate the effects of artificial aging on endosperm tenoids were extracted from flour with GBH following the procedure
proteins by analyzing both electrophoretic profiles of storage of Pinzino et al. 7).
proteins and proteolytic activities in flour. In particular, we were Lutein content in the extracted solutions was determined by isocratic
interested in understanding whether the changes in proteins andXP-HPLC using a Water apparatus model 510 equipped with two pumps
enzymes of accelerated aged seeds were similar to thosednd a spectrophotometric detector (Water model 441) and a Nucleosil

: : - . 300-7 C-18 column (4« 250 mm). Extracts were eluted at 30 using
?:%?Jgggetd;r;g)’ seed germination as previously stated by 96% CHOH as mobile phase at a flow rate of 0.5 mL/min and detected

at 445 nm. In these conditions, retention time for lutein was 15 min.
Front-Surface Absorbance MeasurementsFront-surface absor-
MATERIALS AND METHODS bance spectra of flour samples were obtained following the method of
Zandomeneghi et al1d). A Jasco FP770 spectrofluorometer was used
| inthe reflectance experiments. The samples, about 0.6-mm thick, were
denclosed in a homemade cell, suitably designed to avoid specular
reflections in measurements on powd#b)( The cell windows were
(E-64), 30° tilted with respect to the incident beam. Powdered BaBés used

Materials. Seeds of durum wheaf (iticum durumcv. Cappelli)
were cultivated in the experimental fields of the Department of Botanica
Sciences of Pisa University (ltaly). Seeds were harvested in 1999 an
stored in sealed glass containers at’@in the dark.

trans-Epoxysuccinyle-leucylamido-(4-guanidino)butane ”
phenylme?har%/esulfon))lll quorigi/e (PMSIg), gepstatin ,Z\ hemoglobin (Hb), as a reference light scatterdr§y. )
azocaseinN-carbobenzoxy-phenylalanyl:-alanine (CBZ-Phe-Ala), EPR Measurements EPR measurements were performed using a
and 3-maleimidoproxyl (3-MAL) were purchased from Sigma (St. Varian (Palo Alto, CA) E112 spectrometer (X-band) equipped with a

Louis, MO). Varian E257 temperature control unit. The spectrometer was interfaced
Vitavax 200FF was purchased from Uniroyal Chemical Co. Inc. 0 @ 100 MHz personal computer by means of a homemade data
(Middlebury, CT). acquisition system consisting of an acquisition bodr &nd a software

All reagents and solvents were of analytical grade and used without package especially de_signed for EPR and ENDOR experimé8}s (
further purification. The content of free radicals was measured at room temperature on dry

Accelerated Aging. Accelerated aging was performed by storage gluten and flour powders inserted in a quartz tube with internal diameter

of seeds at 40C and 100% RH according to Delouche and Baskin ?f Ié mT'fSSF)Z%C;rg were recorded ?Si'ggé stan_dard EPR cavny,faltoa
(6). Before treatment, seeds of uniform size were selected by sieving, ield set o » ascan range o » @ microwave power o

surface disinfected in 1% NaClO for 5 min and washed 10 times with mw, a time constant of 01125 Sy and a modulation amplitude .Of 1.25
sterile distilled water. A lot of 90 g of seeds (approximately 1400 G. Quantification of organic radicals was performed by comparison of

caryopses) was used for each incubation period. All seeds were surfac%x/i;kogti)tlceh IIrqrzggrsal:lfegfut:ge?Fi)c?g;rt?c:\\lnmsttrr]::nthtzlecgtnadr;t(ijg;(; Varian
treated with fungicide Vitavax 200FF. Every lot was suspended over ; ) . ) :

3 L of distilled water on a plastic mesh tray within a closed plastic "€ 3-MAL spin label (Sigma Chemical, St. Louis, MO) was used
box (25 x 25 x 14 cm). Boxes were maintained at %0 in a growth to label the sulfydryl groups of cysteine residues in the gluten samples.
chamber for 3, 4, 6, 10, and 14 days, respectively. After treatment, SPin labeling was performed following the method reported by
seeds were rapidly air-dried under a laminar flow hood until they Capocchi etal.X2). For EPR measurements, about 30 mg of the fully

reached their original moisture content (10.9%). The moisture content hydrated labeled gluten was inserted into a quartz tube closed at both
was controlled by weighing. ends to avoid sample loss. EPR spectra were recorded between 0 and

Control seeds were subjected to the same treatments except for0 - C With 5°C increments using a standard EPR cavity, at a field set
accelerated aging. of 3265 G, a scan range of 100 G, a microwave power of 2 mW, a

Germination Tests.For germination tests, four replicates of 25 seeds UMe constant of 0.125 s, and a modulation amplitude of 1.25 G.
from each lot were uniformly spread into Petri dishes with filter paper ~ Soluble Proteins Extraction and Evaluation. Albumins and
placed on the top and on the bottom and imbibed with 6 mL of distilled globulins are commonly referred to as soluble proteins in flds).(
water. Germination was carried out at 23 in the dark for 24, 48, They were extracted from flour with 0.1 M Tris-HCI buffer (pH 7.4)

and 72 h. A seed was considered germinated when the primary root(ratio 1:3, w/v). Their concentration in flour was evaluated using the
was at least 1-mm long. Lowry method as modified by Besandoun and Weinst20).(Bovine

Results were expressed by means of two parame®ysi.e., serum albumin was used as a standard, and the measurements were

germination capacity, defined as the percentage of completely germi- Performed in a Perkin-Elmer 550S U\is spectrophotometer.
nated seeds after 72 h, and germination rate, determined according to Storage Proteins Extraction and AnalysisGliadins and glutenins,

the following equation: the two most abundant classes of storage proteins in wheat seeds were
extracted as reported by Capocchi et all)(and freeze-dried.
nt, x 100+ nt, x 50+ nt, x 33.3 Analyses were performed by discontinuous SIFRAGE according
germination rate= N to Laemmli @2), using a 12% resolving gel and a 4% stacking gel.
tot

Freeze-dried proteins were dissolved in 62 mM Tris-HCI buffer (pH
6.8) containing 10% glycerol, 2% SDS, 5% 2-mercaptoethanol, and
where nf is the number of seeds germinated after 24 hantl ng are 0.1% Bromophenol Blue to a final concentration of 1 mg of protein/
the number of seeds germinated between 24 and 48 h and between 48nL, boiled for 8 min and loaded (4L) on SDS gels. Molecular weight
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Table 1. Germination Parameters of Unaged and Aged Wheat Seeds

duration of
accelerated germination
aging capacity germination root length shoot length
(days) (%) rate (mm) (mm)
0 98+2 76+4 31+1 15+1
3 82+3 50+9 24+1 12+1
4 42+4 41+6 15+3 7+1
6 26+6 13+4 13+£2 6+1
10 6+3 2+2 4+1 3+1
14 0 0 0 0

standards used includ¢dgalactosidase (116.3 kDa), phosphorylase
(97.4 kDa), ovotransferrin (77.0 kDa), bovine serum albumin (66.25
kDa), glutamate dehydrogenase (55.5 kDa), ovalbumin (42.7 kDa),
carbonic anhydrase (30.0 kDa), myoglobin (17.2 kDa), and cytochrome
¢ (12.3 kDa). The gels were stained overnight with Coomassie Brilliant
Blue R250 @3), destained with 7% (v/v) acetic acid, scanned and

processed by a digital image analysis program (SigmaGel, Jandel Corp.).

Enzymatic Assays.Proteases were extracted from flour following
the procedure reported by Bottari et &4) using 2 g offlour and 10
mL of 0.2 M sodium acetate buffer (pH 5) containing 5 mM
2-mercaptoethanol.

The proteinase activity was measured by using 2% (w/v) Hb
dissolved in Mcllvaine buffer (pH 3). The flour extract (280 ulL)
was diluted to 1 mL with Mcllvaine buffer (pH 3) and the reaction
was started by adding 1 mL of Hb, incubated at’80for 2—24 h and
stopped by adding 1 mL of 24% (w/v) trichloroacetic acid (TCA) and
vortexing. After standing at 4C for 10 min, the obtained suspension
was cleared by centrifugation (10 min at 4@p@&nd 0.5 mL of the
supernatant was utilized to determine the TCA-soluble products by the
ninhydrin method25). The hemoglobinase activity was measured both
in the absence and in the presence of pepstatin A in final concentration
of 1.46 uM.

The proteinase activity was also measured by using 0.2% (w/v)
azocasein dissolved in 0.2 M sodium acetate buffer. The flour extract
(20—100uL) was diluted to 1 mL with 0.2 M sodium acetate buffer
(pH 5.4) containing 2-mercaptoethanol (final concentration 2.5 mM)
and the reaction was started by adding 1 mL of azocasein, incubated
at 30°C for 2—24 h and stopped by adding 1 mL of 24% (w/v) TCA
and vortexing. After standing at 4C for 10 min, the obtained
suspension was cleared by centrifugation (20 min at ¢p@@d the

supernatant was utilized to measure absorbance at 330 nm. The

azocaseinase activity was measured both in the absence and in th
presence of PMSF, pepstatin A and E-64, utilized in final concentrations
of 1 mM, 1.46uM, and 20uM, respectively. One unit of azocaseinase

activity was defined as the amount of enzyme required to produce an

Galleschi et al.

Table 2. Lutein, Free Radicals and Soluble Protein Content in Flour
and Free Radicals Content in Gluten from Unaged and Aged Wheat
Seeds

duration of free free
accelerated protein radicals radicals
aging lutein in in flour in flour in gluten
(days) flour (ppm) (malg) (spins/g) (spins/g)
0 26+0.1 348+0.08 (3+1)x10™ (4£1)x 101
3 2.28+0.05 31+01 (3+1)x104 (7+1) %101
4 204+0.06 214+0.08 (3+1)x10“ (7£1)x 101
6 159+003 211+0.03 (3+1)x10™ (8+1)x 101
10 125+008 162+0.02 (4+1)x10% (11+1)x10%
14 1.04+0.03 1.34+0.01 (8+1)x10"
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Figure 1. Front-surface absorbance spectra of flour from seeds of durum
wheat unaged or aged for 3, 4, 6, 10, and 14 days.

rate followed an analogous trend (SEable 1). The growth of

%hoot and primary root was affected by seed aging, the average

length of both organs being’50% that of the control seeds
after 4 days and-0% after 14 days of treatment (s€able 1).

absorbance change of 1.0 in a 1-cm cuvette under standard assayt should be noted that nongerminated seeds were not included

conditions 26).

The carboxypeptidase activity was measured with 5 i\
carbobenzoxy-phenylalanyl-alanine (CBZ-Phe-Ala) dissolved in 0.2
M sodium acetate buffer (pH 5). The flour extract {130 uL) was
diluted to 1 mL with 0.2 M sodium acetate buffer (pH 5) and the
reaction was started by adding 1 mL of CBZ-Phe-Ala. Afteh of
incubation at 30C, the reaction was stopped by adding 1 mL of 24%
(w/v) TCA and vortexing. The TCA-soluble products were determined
by the ninhydrin method26) as above-described. The activity was
measured both in the absence and in the presence of PMSF in final
concentration of 1 mM.

At least three replicates were performed for each analysis utilized
in this paper.

RESULTS

Germination Tests.Accelerated aging resulted in a decreased

in the mean shoot and root length measurements.

Moreover, it is worth noting that fungi growth was observed
on the surface of seeds treated from 10 to 14 days and the use
of a fungicide (Vitavax 200FF) did not eliminate this problem.
No further treatment with fungicide was performed and visible
damaged seeds were not discarded.

Carotenoids in Flour. As reported inTable 2, lutein content
in flour gradually decreased during the aging treatment, going
from 2.63 ppm in the unaged sample to 1.04 ppm in the sample
treated for 14 days.

These results were consistent with changes observed in the
front-surface UV-Vis absorbance spectra of flours ($&gure
1). In fact, flours obtained from seeds subjected to aging showed
a progressive loss of the typical vibrational structure of the
absorption band between 430 and 530 nm due to lutedh (

germination capacity. In fact, the percentage of seeds completingAt 10 and 14 days, the unstructured absorptioA at 300 nm

germination after 72 h rapidly decreased when the aging
treatment time was prolonged, reaching0% after 6 days and
~0% after 14 days of treatment (s€able 1). The germination

that is present in all spectra and that is due to other chromo-
phores, significantly increased, showing a deep change of
chromophores present in flour aged for at least 10 days.
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Figure 2. Proteolytic activities in flour from unaged and aged wheat seeds.
Each value is an average of three replicates of at least two extractions.

Table 3. Inhibition Percentages of Proteolytic Activities

duration of
accelerated  CBZ-Phe-Ala haemoglobin azocasein
aging (days) PMSF pepstatn A E-64  pepstatn A PMSF
0 92 97 42 23
3 97 93 47 23
4 91 84 39 32
6 97 81 36 46
10 86 72 88
14 89 74 95

Free Radicals in Flour and Gluten. EPR spectra of flour
samples were quite weak. They showed a signal gitlalue
of 2.004-2.005 and peak to peak line width of-22 G, which
can be attributed to organic free radicals. As reportetiahle
2, levels of free radicals in the examined samples were in the

J. Agric. Food Chem., Vol. 50, No. 19, 2002 5453

properties allowed to assign the proteolytic enzymes degrading
Hb and CBZ-Phe-Ala as the aspartic proteinase and carbox-
ypeptidase previously isolated from wheat seetls 28). As

far as enzymes degrading azocasein are concerned, they could
be identified as aspartic and serine proteinases. The last activity
was observed in germinating soybe&8)(and mungbean3()
seeds, and its involvement in the first step of storage protein
degradation is a common feature in germinating legume seeds
(30). On the other hand, to the best of our knowledge this
activity is here observed for the first time in wheat seeds.

As shown inFigure 2, for all the proteolytic activities an
increase occurred with prolonging the duration of seed aging,
especially marked for the azocaseinase one after 10 and 14 days.
In particular, after 14 days of treatment, the specific activity of
carboxypeptidase, aspartic proteinase and serine proteinase
reached values about 5, 22 and 328 times higher than that of
the control.

SDS-PAGE analysis of seed storage proteins extracted from
flour (21) revealed that high and low molecular weight glutenin
subunits (HMW-GS and LMW-GS) disappeared almost com-
pletely after 10 days of aging (séégure 3b), while gliadins,
present at least in traces up to 10 days, reduced dramatically
after 14 days of treatment (sé@ure 3a). These changes were
accompanied by the appearance, between 10 and 14 days, of
bands due to low molecular weight (lower than 17.2 kDa)
proteins.

Spin Labeling EPR of Gluten. Gluten obtained from flours
of seeds unaged or aged for8 days was yellow and abundant
(at least 0.1 g of dry gluten per g of flour). On the other hand,
less colored gluten was obtained from flour of seeds aged for
10 days, with yields decreasing by increasing the aging time
(down to 0.02 g of dry gluten per g of flour). Flour from seeds
aged for 14 days did not give gluten.

EPR spectra of fully hydrated spin labeled gluten were of a
composite type with line shapes resulting from the superposition
of at least two sub-spectra each belonging to spin labels differing
in their mobility (seeFigure 4), as observed in previous studies

order of 18%g. When radical contents in flour obtained from (7, 10-12). Slow moving spin labels (immobile) gave broad

aged and control seeds were compared, no appreciable chang

dines in the spectra, while sharp lines were attributed to fast

were found up to 6 days of treatment, while the radical content M0Ving spin labels (mobile), the mobility of spin labels being

slightly increased after 10 days and was 2.5 times that of the

control after 14 days.

Organic free radicals in gluten samples showed EPR spectra,

in which a main signal witlg = 2.006 and peak to peak line
width from 7 © 9 G was present, with a shoulder on the left
(data not shown). Radical levels were in the order ofo/t0
and, as reported ifiable 2, increased with seed aging duration,
becoming almost 3 times higher than that of the gluten from
unaged seeds after 10 days of treatment.

Proteins and Protease Activities in Flour. The soluble

protein content in flour showed a progressive decrease during

the aging treatment (s€kable 2); after 14 days, the content
was almost half of that of the control.

Among proteins extracted from flours, three proteolytic
activities were detected by utilizing exogenous substrates, i.e.
Hb, CBZ-Phe-Ala, and azocasein (deéigure 2). The activity
degrading CBZ-Phe-Ala was strongly inhibited by PMSF, while
that hydrolyzing hemoglobin was inhibited by pepstatin A. The
azocaseinase activity was inhibited by pepstatin A and PMSF

for samples aged up to 6 days and only by PMSF for samples

aged for 10 and 14 days (s@able 3). E-64 had no effect on
azocaseinase activity indicating that no proteinase activity of

determined by the flexibility of the protein segments to which
they are bound and the steric hindrance of their environments
(8). The mobile component could be thus attributed to spin labels
bound to sulfhydryl groups which allow the labels to retain a
high degree of rotational freedom, i.e., shallow, solvent-exposed
protein groups. On the other hand, the slow moving component
was due to labels bound to sulfhydryl groups localized in
somewhat restrictive, crevice-like regions of the proteins.

Small but significant differences were observed between the
EPR spectra recorded at the same temperature on gluten obtained
from control and aged seeds (s€&gure 4). At different
temperatures similar spectra, but with different intensity and
mobility of the two components, were observed (§égure
4). Two parameters were calculated from the spectra to obtain
guantitative information on spin labels dynamics and, in turn,

'on gluten flexibility. The first one is the rotational correlation

time (r) of the mobile spin labels, determined according to the
Freed and Fraenkel equatiodl:

7= (6.65x 10 “)Ah,[(1,/1_)"?— 1] (1)

whereAhy; is the peak-to-peak width of the low-field line, in

cysteine type was present in artificially aged seeds. TheseGauss, andl; andl_; are the amplitudes of the low- and high-



5454 J. Agric. Food Chem., Vol. 50, No. 19, 2002

(a) Y 0 3 4 6 10 14
163
974
770 T i S
6625
555
'?E,"‘?{
42.7 — .
. bndle. - B
300 M- — XX R
WS et waae W oA
172 - S
12,3 e— e -
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Figure 4. EPR spectra of fully hydrated gluten spin labeled with 3-MAL.
(a) Spectra recorded at 25 °C on gluten from seeds unaged and aged
for 3, 4, 6, and 10 days; (b) Spectra recorded on gluten from control
seeds at the indicated temperatures. “i" and “m” indicate slow and fast
moving spin label lines, respectively.

field lines, respectively. The second parameter that can be
calculated from the EPR spectraRs(10, 11), defined as the
ratio

R=i/m (2)
wherei andm are the amplitudes of the low-field peaks of the
slow moving and fast moving spin labels, respectively (see
Figure 4). R reflects the ratio between slow and fast moving
spin labels populations. BoRandz decreased with increasing
the temperature (se€igures 5 and 6), indicating that a
progressive transfer of less mobile radicals to a more mobile
population occurs and that the rotational diffusion of mobile
spin labels becomes faster. The trendRe@indr as a function

Galleschi et al.
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of temperature were described in terms of the Arrhenius equationexperimental values in terms of the Arrhenius equation.

and activation energies were determined. As showmahle

4, very small differences were found between values determinedDISCUSSION

in the different samples.

Slightly higher values oR were found at each temperature
for gluten from artificially aged seeds with respect to gluten
from unaged ones (sdggure 5). On the other hand; values

Accelerated aging finally resulted in a loss of seed viability
preceded by a progressive reduction of both germination ability
and root and shoot growtl82—34). Comparing the present
results with that obtained by Pinzino et &) on naturally aged

were similar in samples treated up to 4 days, whereas lowerwheat seeds of the same cultivar, we found that seeds artificially
values were found for sample treated for periods of 6 and 10 aged for 3, 4, 6, 10, and 14 days have germination capacities
days (sedrigure 6). similar to those of seeds naturally aged for about 15, 30, 33,
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Table 4. Activation Energy of R (EF) and 7 (E) in Gluten from was observed during accelerated aging (Sigire 3), which
Unaged and Aged Wheat Seeds resulted in a loss of the capability of flour to form gluten and
in a decrease in gluten flexibility, as observed by spin labeling
duration of accelerated . EPR (seeFigures 4 and5). These findings, similar to those
aging (days) Ea (ki/mol) Ez (kl/mol) obtained during in vitro gluten degradation by proteases from
0 36.8+13 20.2+0.9 dry and germinating wheat seed<), confirm the hypothesis
3 362204 152+08 that macromolecules essential for seed germination are degraded
4 326+1.0 153+14 ) : . .
6 340+05 96+08 during aging 8—4). In this regard, a marked increase of three
10 39.0+2.0 16,5+ 2.4 proteolytic enzymes (i.e., carboxypeptidase, aspartic and serine

proteinase) of dry wheat seeds was found in the present study
) ) ) during accelerated aging (s€&gure 2). A rise in proteinase
35, and 36 years, respectively. However, different correlations activity during accelerated aging of seeds was also reported by

between germinability and lutein content in flour were found other authors in sorghumi®), maize #5), pigeonpea 40),
for artificially aged seeds with respect to naturally aged ones. parley, and wheat4).

In fact, the content of lutein was almost zero in flour from wheat
seeds naturally agled for more than 30 years, .whereas the Iqwes roduced by accelerated aging seem not to be the same occurring
content observed in accelerated aging experiments for unviable

q bout 1. A during th lerated agi in wheat seeds during natural aging. Our findings suggest that
seeds was about 1 ppm. Anyway, during the accelerated aging, . .q|erated aged seeds underwent some biochemical changes
treatment a gradual reduction of lutein content in flour was

o needed for the process of germination and resulted in the loss
revealed by HPLC measurements. In addition, front-su_rface of their viability. Nevertheless, we cannot agree with Chauan
gtal. (@3 statement that seed deterioration biochemically mimics
.seed germination because fundamental biochemical changes

increase in the absorbance of samples aged for 10 and 14 da %ndergomg during wheat seed germination, such as synthesis

at A > 300 nm, where measured variations are significant. of cysteine proteinaseQ, 51), were not observed during

S accelerated aging.
Reasonably, this increase can be connected to the appearance _. . ) ) )
Finally, the contribution of microorganisms to the deteriora-

of new compounds resulting from molecular degradation
processes. P g g tion of seeds artificially aged for 10 and 14 days cannot be ruled

The loss of antioxidants was accompanied by an increase of®Ut- In fact, pathogens produce different classes of proteases
organic free radicals in flour and gluten, in agreement with the (€., aspartic proteinases, aminopeptidases, carboxypeptidases,
findings of Priestley et al35) and of Buchvarov and Gantcheff ~and prolyl dipeptidyl peptidases33) that greatly increase the
(36) in the axes of soybean seeds subjected to accelerated agind.ate of deterioration of th_e_ host’s (_:ellular structures. U_nfor'gu-
The content of organic radicals in gluten obtained from seeds n_ately,_ the fa_ct that conditions which favor seed (_Jleterloratlon
artificially aged for 6 days was comparable with that of gluten (-, high moisture content and temperature used in accelerated
from seeds naturally aged for 15 yea®®, (corresponding to agl_ng) also favor mlcr_obla! growth r_nake_s dlf_flcult to ascerta_ln
the highest radical content found in natural aging experiments. which aspects of deterioration are microbially induced and which
In fact, after 20 years of natural aging the content of free radicals are self-inflicted by seedsi)
progressively decreased reaching the lowest value after 35 years
(7). On the contrary, the free radical level in gluten and flour ABBREVIATIONS USED
from accelerated aged seeds progressively increased with
prolonging the treatment time. These differences indicate that EPR, electron paramagnetic spectroscopy; 3-MAL, 3-male-
no relationship can be found between the quantity of free imidoproxyl; CBZ-Phe-Ala,N-carbobenzoxy-phenylalanyl-
radicals and germination capacity during natural and accelerated--alanine; E-64fransepoxysuccinyl--leucylamido-(4-guanidino)-
aging, as previously stated by Girard and Le Mes3@),( butane; Hb, hemoglobin; PAGE, polyacrylamide gel electro-
probably due to the recombination of free radicals into Phoresis; SDS, sodium dodecyl sulfate; PMSF, phenylmethane-
substances undetectable by EPR analysis. Moreover, it must besulfonyl fluoride; TCA, trichloroacetic acid.
noticed that radical level in gluten is 1 order of magnitude higher
than in the corresponding flour, indicating that free radicals are gapeTy
mainly associated with flour protein, whereas starch molecules
do not undergo aging induced scissions or produce radicals that Precautions were taken to prevent any contact of 3-MAL and
decay or react too rapidly for detection by EPR. In agreement labeled gluten with skin and eyes.
with these findings, the dominant feature of the EPR spectra of
glute_n samples (data not shown) was a line withalue ty.pical ACKNOWLEDGMENT
of nitrogen-centered radicals delocalized on protei@8);(
shoulders were observed to the left of the peak ascribable to\ye are grateful to P. Meletti for providing the plant material.
peroxyl radicals §9). This suggests that bond breakage has
occurred in endosperm proteins during seed aging and predicts
the likelihood of molecular degradation or cross-linking. LITERATURE CITED
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