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Abstract: The effect of medium doses gfirradiation (1-10 kGy) on total phenolic and
tannin contents, lipid peroxidation, protein oxidatintensity and soluble protein content
of soybean seeds, (genotype Ana), was investig&a@ening for antioxidant ability was
performed using FRAP and DPPH methods. Total plhieaod tannin contents and DPPH
scavenger activity were increased, while proteindaton intensity was decreased by
applied doses of-irradiation. Gamma irradiation provoked insigréiit changes in lipid
peroxidation and soluble protein content, while tgiro oxidation intensity was
significantly decreased when dose of 10 kGy wadieghpPresented results implicated that
increased antioxidant capacity and protein stgbdft soybean seeds were increased after
application ofy-irradiation.
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Introduction

Outbreaks of food borne diseases have bean assb@igh consumption of poor quality food. This
is due to the presence of a large number of huna#tmogens in food, especially in seeds. Irradiation
effectively inactivates food borne pathogens in taomnated seeds. The Food and Drug
Administration (FDA) has approved the use of iomjgradiation to control microbial pathogens in
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seeds. High doses of irradiation may be requiredhi® inactivation of some pathogdii$. However,
the higher doses of radiation could have adveifeetsfon sensorial and nutritional quality.

Soybean and its processed products have beenmedlais health foods due to their high content of
protein and essential amino acids, omega-3 fatigisadat-soluble vitamins, polysaccharides, and
insoluble fibers[2]. Besides these constituents, soybeans also costzéiavones that are of wide
interest due to their beneficial effects on humasisggh as prevention of cancer, cardiovascular
diseases, osteoporosis, and menopausal symp8ms

Gamma irradiation causes oxidative stress and taffeiomolecules by causing conformational
changes, oxidation, rupture of covalent bonds amnchdtion of free radicalgd]. The hydroxyl (HOe)
and superoxide anion g0 radicals that are generated by radiation coulddifpothe molecular
properties of the proteins and lipids causing adkwea modifications of the proteins and lipid
peroxidation (LP),[5]. Chemical changes of the proteins that are caused-irradiation are
fragmentation, cross-linking, aggregation and otata caused by oxygen radicals which are
generated by water radioly$6.

Radiation processing by-radiation at dose of 1 kGy has been recommendedjdarantine
treatment of legumes including soybe@ris whereas exposure to higher doses (up to 5 kGyl)tesl
in improvement in quality such as reduction in dagktime and improvement in texture without
production of off-flavor[8]. Degradation of isoflavones, the major phenoliostibuents in soybean
seeds, has been shown to occur in soy and soy @soduring food processing and storage, resulting
in changes in their bioactivitiel®]. However, studies of the effect of irradiation e phenolic
content and the impact of these changes on thexihint properties of soybeans were poor and
insufficient.

There are some reports showing that stress caugddwbdoses ofy-irradiation could induce
antioxidant activities in plant material includirepybean[7,1(. Our previous studies concerning
antioxidant activities in stressed seeds indicthed! low doses of herbicides could induce antioxida
activity in seeds of beans, lettuce and [IEf. Therefore, the aim of our study was to investagae
effects of stress caused by medium doseydfradiation (1-10 kGy) on phenolic content, lipgehd
protein oxidation and free radical scavenging gbdf soybean.

Results and Discussion

The results obtained by investigating the infeeenf medium doses efirradiation (1-10 kGy) on
some antioxidant properties of soybean seed asepied in Figures 1-5.

Use ofy-irradiation dose up to 10 kGy did not provoke #igant changes in LP (Figure 1). As
shown in Figure 1, the above mentioned doses-iofadiation caused slight increase in LP. The
maximum increase in LP was observed with a 2 kG&edd1.0 % when compared to the unirradiated
control). Other authors also established that dapet® 10 kGy caused insignificant changes in total
lipids, fatty acid composition, peroxide value drahs fatty acid contefi?].
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Figure 1. Effecty-irradiation on LP intensity in soybean seeds.
Each data point represents the mean + SD; * ANOWkey-test, p < 0.05.

Medium doses of-irradiation caused insignificant changes in saumtotein content (Figure 2a),
without practical significance. Data obtained byestauthors also showed that gamma irradiation,
using a doses up to 10 kGy, did not induce siganficloss in water soluble components such as
minerals, nitrogenous constituents, sugars ancinsjtL3].

Quantity of carbonyl-groups in oxidatively modifipdoteins significantly increased only at dose of
6 kGy (5.3 %). Decrease in quantity of carbongugs was observed after other doses were applied,
but it was significantly decreased only at dosel®fkGy (19.3 %), (Figure 2b). Introduction of
carbonyl groups into amino acid residues of pratenas a hall-mark for oxidative modification.
Presented results implicated that protein oxidatb@nsity was more sensitive parameter of oxidativ
stress than the lipid peroxidation in irradiate¢lsan seeds, which was positively correlated with
high protein content in soybean seeds. Declingatem oxidation by dose of 10 kGy could be explain
by the high and significant increase of DPPH rddscavenger capacity (Figure 5.). This observation
implicate that DPPH radical scavengers, inducedidse of 10 kGy, act as protective agents against
protein oxidation. Our results concerning total mdleand tannin contents (Figure 3.) and total
antioxidant activity (Figure 4.) demonstrated higtiues of all parameters at the dose of 10 kGytwha
could also provoke the decrease in protein oxidatizther authors also established that some pleenoli
compounds can act as antioxidants by retardingpraixidation reaction or by binding to the protein
[14]. The antiradical mechanism in phenol-proteggragates may be due to ability of phenolic
compounds to transfer oxidative damage from onenglie site to other, protecting proteins from
oxidation.
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Figure 2. Effectsy-irradiation on soluble protein content (a) andt@irooxidation intensity (b) in
soybean seeds. Each data point represents thein®&an* ANOVA, Tukey-test, p < 0.05.

Significant increase in total phenolic and tanniontents was caused by applied doses of
y-irradiation (Figure 3a and 3b). The maximum inseeaf these parameters was observed at dose of
1 kGy (10.0 % for total phenols and 21.6 % for tagh Even at the highest dose of 10 kGy, increase
in total phenolic (7.6 %) and tannin (11.0 %) comgewas observed. In plant tissues many phenolic
compounds are potential antioxidants: flavonoidgnins and lignin precursors may act as ROS
(reactive oxygen species) scavenging compoundser@ds increase in total phenolic and tannin
contents was beneficial for antioxidant propertésoybean seeds due to polymerisation of phenolic
constituents and also cross-linking and fragmemrtatwhich were the key reactions controlling the
properties of macromolecules such as protgibs



Int. J. Mol. Sci.2007, 8 622

2,6+ TOTAL PHENOLS : TANNINS
1,34

2,54
= d 1,2 *
= *
2 244 ] * *
g i E \ */. *
2 ] ; /\ o T \ L
-g’ 2'3_ E\E * i i/
£ 1 1,0
Q
g 2,24 %
o
()]
2 0,94

2,14

0,84
2,0 T T T T T T T T T T T ! T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
DOSE (kGy)
a) b)

Figure 3. Effectsy-irradiation on total phenol (a) and tannin (b) s in soybean seeds. Each data
point represents the means; * ANOVA, Tukey-test,@05.
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Figure 4. Effecty-irradiation on total antioxidant activity deterrathby FRAP method in soybean
seeds. Each data point represents the means; * A\ OWkey-test, p < 0.05.

Total antioxidant activity determined by FRAP meathaas significantly increased at doses of
1 kGy (17.0 %); the increase was insignificant &GYy (2.2 %) and 10 kGy (6.7 %) (Figure 4). The
irradiation induced increase in total antioxidactivaty at dose of 1 and 10 kGy could be the restlt



Int. J. Mol. Sci.2007, 8 623

high total phenol and tannin accumulation in soybkg these doses (Figure 3a,b). It is well known
that among ascorbate, phenols are the most aetitie feducing agen{4.6].

Y=41.01+1.18X-0.0429X>

54 ]
] 547 R’=0.94366
52 52
50 . 50
4 n i [} -
8 46 - s 464 . ¥ s
4 ] / . _—
o n E >
o 424 42 1 _—
a ] I
40 404 ®
38 38 ]
36 4 36 _
T T T T T T T T T 1 T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
DOSE (kGy)
a) b)

Figure 5. Effecty-irradiation on DPPH Radical Scavenger CapacityRBARRSC) of soybean seeds (a)
and polynomial curve fit (b). Each data point reyergs the mean £ SD; * ANOVA;
Tukey-test, p < 0.05.

DPPH radical scavenger capacity (DPPH RSC) wagsased corresponding to doseyafradiation
(up to 49.2 %). Maximum was observed at the higheatiation dose (Figure 5a). Polynomial
relationship between DPPH RSC apniiradiation dose (y = 41.01 + 1.18x - 0.0429%* = 0.94366)
is presented in Figure 5b. It was also reported yhaadiation doses up to 5 kGy enhanced DPPH
RSC of soybean butanolic extragd. DPPH RSC is the measure of non-enzymatic antotid
activity. Higher levels of DPPH antiradical actiwivere in correlation with no enzymatic antioxidant
especially plant polypheno]47] what was also in agreement with results giveniguies 3a and 3b.

Conclusions

Our results indicated that medium doseg-ofadiation (1-10 kGy) led to an antioxidant respe
in seed tissue of soybean genotype Ana. Antioxidesponse was manifested in the increase in total
phenolic and tannin contents, also in the incre#sBPPH scavenger ability at all applied doses.
Reduced protein oxidation intensity, was noticecemthigher doses of-irradiation were applied.
Furthermore the LP increased only slightly whiabuld be the consequence of the appropriate
antioxidant response. Therefore our results ledomclusion that-irradiation increased antioxidant
capacity and protein stability of soybean seedsidtype Ana), which is of great importance for
health, nutritive and processing characteristicsoybean seeds.
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Experimental Section
Material treatments and extraction procedures

Soybean seedss[ycine max (L.) Merr.] of genotype ANA were obtained from thestitute of Field
and Vegetable Crops in Novi Sad. Soybean seeds weadiated with following doses of
y-irradiation: 1, 2, 4, 6, 8 and 10 kGy. For thargmse the’°Co was used. The dose rate was 228
Gy/min. Seed irradiation was performed in the Labany for Radiation Chemistry and Physics
"Gamd at the Institute of Nuclear Sciences in &4nBelgrade.

Irradiated and nonirradiated soybean seeds (1Gsp@&eere ground in a mill and reduced to a fine
powder.

Plant material (1 g) was extracted with 25 ml 7(a&tieous ethanol (0.1 M HCI) under 30 min
sonication in an ultrasonic bath at ambient tempeea The extracts were rapidly vacuum-filtered
through a sintered glass funnel and kept refrigeal his extract was used for total phenolic and
tannin contents, DPPH radical scavenger capacdyt@al antioxidant power determinations.

For lipid peroxidation, protein oxidation intensiand soluble protein content, phosphate buffer
(pH 7) soybean extracts were used. One gram oft pleterial was extracted with 50 ml 0.1 M
Ko,HPO, at pH 7.0 after 30 min sonication in an ultrasobath at ambient temperature. After 10
minutes centrifugation at 2C and 15 000 g, the aliquots of the supernatantwesed for above
mentioned determinations. Extracts of nonirradiaeeds were used as the control.

Methods

Lipid peroxidation intensity was determined by tA®ARS (Thiobarbituric Acid Reactive
Substances) methdd§8]. Crushed sample (0.30 g) was homogenized in 112&ichloroacetic acid
(TCA) (0.1 %)—sodium dodecyl sulfate salt (SDSY4L The homogenate was centrifuged at 12,000 g
for 5 min. To 30Qul aliquot of the supernatant was added 1 ml 20 %8 T@ntaining 0.5 % TBA. The
mixture was heated at 95 °C for 30 min and themlduicooled in an ice-bath. The absorbance was
read at 532 nm. TBARS quantity was expressed a$ oifBARS mg" protein.

Soluble protein content was determined by Bradimethod[19]. Soluble protein content was
expressed as mg protein per g dry weight.

Protein oxidation intensity was described usingdbetent of carbonyl groups in proteif#&]. It
was determined as amount of 2,4-dinitrophenylhyainazlDNPH) formed upon reaction with DNPH.
After cells disruption and centrifugation, samp(esl.5 mg protein) were treated with 10 mM DNPH
in 2 M HCI at room temperature for 60 min. Blanksi@ined 2 M HCI without DNPH. Proteins were
precipitated by addition of trichloroacetic acid tgpfinal concentration 10 %, centrifuged at 4000 g
for 10 min at 4 °C, and washed three times withllsatution ethanol:ethyl acetate (1:1). The final
pellets were dissolved in 6 M guanidine hydrochlderin 5 % (v/v) phosphoric acid. Carbonyl content
was calculated using the absorbance maximum of DMidsured at 370 nm. The results were
expressed as nanomoles carbonyls per milligraneiorot

Total phenols were determined by Folin-Ciocalteacpdure [21]. Aliquots (0.1 ml) of aqueous
acetone extracts were transferred into the tesstand their volumes adjusted up to 0.5 ml with
distilled water. After addition of 0.25 ml Folin-@ialteu reagent and 1.25 ml 20 % aqueous sodium
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carbonate solution, tubes were vortexed and absoebaf blue colored mixtures recorded after 40 min
at 725 nm against a blank containing 0.1 ml of aotton solvent. The amount of total phenols was
calculated as a catechin equivalent from the caidm curve of catechin standard solutions (cowgrin
the concentration range between 0.1 and 1.0 mY, ahd expressed as g catechin®ldyy plant
material.

Total tannin content was determined by Folin-Citaalprocedure as above, after removal of
tannins by their adsorption on insoluble matrixlypmylpolypyrrolidone, PVPP). Insoluble, cross-
linked PVPP (Sigma, Germany; 100 mg) was weighed iest tubes and 1.0 ml aqueous acetone
extracts added. After 15 min at°€, tubes were vortexed and centrifuged for 10 ni4350 g.
Aliquots of supernatant (0.2 ml) were transfermao itest tubes and nonabsorbed phenolics determined
as described. Calculated values were subtracted total phenolic contents and total tannin contents
expressed as g catechir’kgry plant material.

Total antioxidant capacity was estimated accordmdhe FRAP (Ferric Reducing Antioxidant
Power) assay22]. Total reducing power is expressed as FRAP uREAP unit is equal with
100pumol/dn? F€*. FRAP value was calculated using formula:

FRAP value¥Asampid AAstandard

whereAAsamplels the change in absorbance of the sampleA#agqarais the change in absorbance
of the standard (10@mol/dnT Fe*) after 4 min incubation at 593 nm.

DPPH radical scavenging capacity was determinaadgus,1-diphenyl-2-pycril-hydrazil radical
(DPPH). Reduction of DPPH radical was determine@sugng disappearance of DPPH at 515 nm.
DPPH RSC is expressed by percents compared twttiot]23]. The percent inhibition of the DPPH
radical (DPPH RSC) by the samples was calculated)ilke formula:

DPPH RSC=[(AA)/AJ]x100 %

where A is absorbance of the control and & absorbance of the sample after 30 min of
incubation.

Data Analysis

All determinations were obtained from triplicate asarements. Results are expressed as mean
standard error. Experimental data were statisyicallalyzed using software Origin, by one-way
ANOVA. Differences between means were evaluatedsignificance using Tukey-test (p < 0.05).
Polynomial regression was performed for the reqabtained by RSC determination.
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