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i In two pea cultivars (Lantra, Menhir) and barley cultivars (Krona, Kompact)

)\‘ changes in total polyphenol content (TP) and major phenolic acids caused by

Il UV-A and y-irradiation were investigated. The changes were determined in

\H seeds, seedlings and plants. In barley cultivars also the content of catechol,

\ L resorcinol and phloroglucinol type compounds (CRP) was estimated. TP con-

\ i tent was determined with Folin-Ciocalteau’s reagent, CRP with p-dimethyl-

‘ ““ aminocinnamaldehyde, phenolic acids by HPLC. UV-A irradiation was

|l performed for 0, 24, 48 and 72 hours at A = 351 nm, y-irradiation with *°Co

at doses 0, 10, 20 and 40 Gy. During pea sprouting TP content increased, in

barley cultivars TP stagnation was observed. UV-A irradiation caused in in-

vestigated plants an increase of TP content, y-irradiation enhanced TP content

I : in barley but in pea decreased it. It was demonstrated statistical dependence

of TP content on growth phases of plants and on doses of irradiation. CRP in

sprouting seeds decreased but in further development of plants increased.

‘ (Il ‘ UV-A and y-irradiation decreased CRP content in barley. Statistically signifi-

‘ \‘ | ’ cant dependence was found between CRP content and the doses of irradiation

and the vegetation phase of plants. Cultivars responded differentially to various

‘ Il doses of irradiation in both types of irradiation. The most represented phenolic

‘\ “‘ acids in pea and barley are 2,3-dihydroxybenzoic, sinapic, m-hydroxybenzoic,

I\l veratric and vanillic acids. UV-A irradiation caused apparent increase of these
i
il

acids both in barley and pea, whereas y-irradiation caused only little changes
‘ \‘ | 1n the content of these compounds.
\ |
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INTRODUCTION

Polyphenols are natural compounds that as secondary metabolites are Pre.
sent in every higher plant and in every its organ. Polyphenols are especiy
located in outer layers of the seeds where they protect an f:mhryg agaings
ultraviolet irradiation regarding the fact that they have ability lo\ absorb
(Boesewinkel, Bouman, 1995; Lach man et al., 1998). Tannipg
and other polyphenols such as anthocyanins could form colgur COMponengs
of seeds and can protect them against light exposure, can restrict [l‘w Sprouting
due to the gas diffusion inhibition and deleting of the seed an_d fruit decom.
position in the soil. Plants form them also for th?ll‘ 'd“el'encevaga%nr%t hcr‘bwoms
and diseases because many of them possess significant fungicidal, bacter;.
cidal and virocidal activities.

Because the thinning of the stratospheric ozone layer is permil,ti.ng more
UV-B to enter the biosphere, the mechanisms of action o.f UVTB radiation op
plants are of particular current interest. It was determined in ./‘\.)'a.")l'(/()ps[g
thaliana wild-type Landsberg erecta (Ler) and the.UV—B—senmtwc mutant
fahl (deficient in UV-absorbing esters of sinapic acid) thz}t UV-B exposure
'(at doses of 6-7 kJ.m‘z.d‘l) decreased dry matter production (Ormrod et
al., 1999). . n

Liu etal. (1995) investigated barley polyphenol levels in plants that were
orown with UV-B (280-320 nm) at levels simulating 25 or 5% ozone deple-
?ion on the date of the summer solstice at 40° N latitude, with UV-“A (32Q~
400 nm), or with no supplemental irradiation. UV-B incr@sed 4‘&'1{1von01d
(saponarin and lutonarin) accumulation in both thg lower ep1dqm15 an'd the
mesophyll; about 40% of the saponarin and ZQ% of the lutox?arm were Vm. th_e‘
lower epidermis under all experimental conditions. Levels of vacuolar femll;
acid esters were significantly higher in UV-B grown plants on‘days 10 an
15 and this fraction significantly increased in the lower §pid§1'n1ls. U\/—A hald
no significant effects on growth, photosynthesis or ferulic acid, but it sllghl}’
increased flavonoid accumulation. Balakumar and Selva }\ umar
(1998) investigated the total phenol content and thg polyphenol olxgdase' ’lLClb
tivity in the leaves of cowpea and Crotalaria seedlings treated with varlf13
UV-B irradiance levels. In both the plants tested, the total phenol contﬁn_t Tle
increased proportionately with the dose of UV-B radiation. H(')vgevel, éer
concentration of total phenols in the leaves of cowpea was hlghel‘ U”he‘
UV-B irradiation compared to Crotalaria seedlings. The activity of 1701)’gm_
nol oxidase, on the contrary, has shown reduction in both cowpea and o,
talaria seedlings. Effects of solar and UV-B radiation on W!1eat Secdulldes
(Hider, 1996), sensitivity to UV-B of plants growing in dlﬁ"erem alti y
(Rau, Hofmann, 1996), diurnal variation in UV-protective flavon

¥
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eit et al., 1995) as well as the protective role of pl
pies (L) Karst. is now intensively investigated.

a pendharkar and Nair (1995). studied phenylpropanoid metabolism
! _irradiatedv potato &mers by examination the pattern of incorporation of
[adioaCtiVity_ ‘trom U- C.—phenylalz.m.me into cgffeic acid, chlorogenic acid
and the coniferyl and smapyl moities of lignin. During a post-irradiation
eriod of 21 days a depletion in chlorogenic acid was observed. This is
2 result of its impaired synthesis as well as an accelerated conversion of
chlorogenic acid to ferulic and sinapic acids and their deposition in lignin.
Changes in potato phenolic and alkaloidal compounds in irradiated potatoes
were also referred by Berges (1980), Berges, Kooij (1981) and
Thomas (1981). y-radiation insures the possibility of extending the storage
life of different vegetables and fruits, e.g. onions — 0.10 kGy (A gbaji et
al, 1981; Khan etal, 1999), garlic Manniti, 1979). Al-Safadi and
gimon (1996) have found that y-radiation accelerated germination of carrot
seed in the M generation at low doses (0.5 and 1 krad, i.e. 5.0 and 10.0 Gy),
whereas higher doses delayed germination. Plant size and root weights were
by 20% to 35% greater than control plants. Higher doses reduced M, plant
size by > 50% in germinating seed and tissue culture treatments but less for
the dry seed treatment. Irradiation of germinating seed and tissue cultures
yielded more My variation than irradiation of dry seed. Massive dosage of
y-irradiation (1-3 kGy) has been found to induce some particular responses
in Arabidopsis thaliana (Nagata et al., 1999). It was determined the accu-
mulation of anthocyanin in the aerial parts and the formation of new
trichomes. The plants stopped their development, too.

The aim of this work was to determine the UV-A and 7-irradiation effect
on polyphenol levels in pea (Pisum sp.) and barley (Hordeum sp.) seeds,
seedlings and plants and to determine the changes in total polyphenol content
(IP) and catechol, resorcinol and phloroglucinol content (CRP) in barley in
telation species x variety.

ant pigments in Picea

MATERIAL AND METHODS

B_al‘ley cultivars Krona and Kompact and pea cultivars Lantra and Menhir
O0tained from the Department of Plant Production of the Czech University
O Agriculture in Prague in the year 1999 were irradiated with UV radiation
40=G 351 nm, 0, 24, 48 and 72 hours) and Y-irradiation (°Co, 0, 10, 20 and

Y at the Faculty of Medicine, Hradec Kralové).
here were investigated three variants:
* dry seeds (after radiation two months storage at laboratory temperature),
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2. seedlings (for 10 hours soaked in distilled water and after 5 days
nating exposed to radiation; seven days after radiation analyzed),

3. plants — after 21 days of cultivation plants were radiated (UV-irraadia[iOn
for total 72 hours in 9 days, y-irradiation for 4 hours) and then Cultivagey
for other seven days.

germ;.

Determination of total polyphenols (TP): Seeds and dried plants Were
homogenized and extracted in Soxhlet apparatuses with 80% water cthang)
solution for 20 hours. After adjusting of extract volume to 250 mL there wey,
10 mL pipetted into 50 mL flasks. After dilution with distilled water to aproy
30 mL volume it was 2.5 mL Folin-Ciocalteau’s reagent p.a. (Nycom, Prague,
CR) added. After agitation and 3 min standing 7.5 mL 20% NaxCOs p
solution was added and the volume was adjusted to mark with distilled wage.
After thorough agitation and two hours standing absorbancy of blue solution
in cuvettes 0.5 mL thickness at A = 765 nm on Spekol 11 (Jena) spectro-
photometer against blank was measured. Polyphenol compounds were ex-
pressed as gallic acid content on dry matter (DM) basis (in seeds).

Determination of catechol, resorcinol and phloroglucinol type com.
pounds (CRP): 25 mL were dried on water bath to dryness and then redis-
solved in 15 mL methanol and quantitatively transferred into 25 mL
volumetric flasks. In every flask it was 6 mL 3M HCI in methanol added and
after agitation adjusted with methanol p.a. to mark. Then I mL p-dimethy-
laminocinnamaldehyde solution, p.a. (Merck-Schuchenhardt, Hohenbriinn bei
Miinchen, BRD) was added, solution was agitated and left to stand for
30 minutes. After this period absorbancy was measured in 0.5 cm cuvettes at
A = 638 nm on Spekol 11 spectrophotometer against blank. CRP content was
expressed as phloroglucinol (British Drug House, Ltd., Bush House Lon-
don, GB).

Dry matter determination: The procedure was performed after Dav i
dek etal. (1977). 2 g of fine-grained samples were dried to constant mass
at 105 °C.

Determination of phenolcarboxylic acids and coumarins by HPLC: FQI'
identification and quantification of phenolcarboxylic acids and coumarins 0
water — ethanolic extracts a HPLC method with gradient elution on Wa-
ters™ 600S chromatograph with Waters™ 717 plus autosampler and Wa-
ters™ PDA 996 — UV-VIS detector was used. Watrex 250x4 mm Separof
SGX C18 column (7 um) and mobile phase: A — 5% water methanol, ‘B’]’
40% water methanol (both adjusted with H3POs to pH 2.5), flow | mL.mil >
were used. Standards of phenolcarboxylic acids and coumarins were purs
chased from Fluka Chemie AG, Buchs, Switzerland).
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RESULTS AND DISCUSSION

From the thqi{led resglts it could be concluded that UV-A irradiation has

Statistica”y significant effect on TP content and that the vegetation phase of

jants affects the TP change induced with UV irradiation. Meanwhile seeds
contained low TP levels, in seedlings and esp. in plants were found much
nigher TP contents ("I?able D). UV-radiation increased significantly TP content
(Table II), which is in accordance with the results obtained by Liu et al.
(1995), Balakumar and Selvakumar (1998).

The y—irradiation caused in doses of 40 Gy a decrease of TP in pea cv.
Lantra by 9%rel, and in barley cv. Kompact by 15%; (Table II). In other pea
and barley cultivars could be observed an increase of TP content (pea cv.
Menhir by 15%ei, barley cv. Krona by 46%:e1). Similarly in the seedlings was
found a decrease of TP content at 40 Gy doses in pea cv. Menhir by 28%;ei,
in barley cv. Kompact by 5%rei. The 20 Gy doses increased TP contents (in
parley cv. Kompact by 11%re1, Krona 57%:e1). Irradiation of plants (40 Gy)
decreased TP content in pea cultivars (Lantra by 38%;.;, Menhir by 10%rye1),

I. TP content (mg.kg‘I on a DM basis)

Cultivar Seeds Seedlings — sand | Seedlings — soil Plants
Lantra 841 10,360 - 22,470
Menhir 619 17,662 6,108 11,580
Kompact 1,219 5,450 9,281 8,935
Krona 1,790 6,220 6,230 6,380
Il Change of TP content (%) induced by UV and 7y-irradiation
Ve_ge- UV-irradiation Y-irradiation
tation (Z hours) (Gy)
phase
D\ S Sd P S Sd P
0se 248 h|272 h|Z72 h| 10 20 40 10 20 40 10 20 40
Lant ‘
i ~-16.0 * * -3.0{+43.0| -9.0| +0.9| -1.3| +3.0(-59.0|-32.0{-38.0
Menhi,

+12.0 | +19.0 | +14.0 |+14.0| +7.4|+15.4| =3.6|-26.5|-27.5|-19.0 [+28.0| -9.0

Ko
L Mpact | —13.0 | +17.0 | +6.0 | -8.0 =22.41-15.1|-145+11.2| -4.7|+20.3 |+25.9 |+29.4
T0ng

0.0 [+30.0 [ -49.0 [+36.5|+36.7 [+46.1 [+19.0 [+56.8 [+27.4 | =2.1 |+12.0 [+56.7

§
= se .
eds, Sd — seedlings, P — plants, * — dead plants
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2. Chromatogram of pea cv. Lantra

: 29%eh
whereas in barley cultivars was found TP increase (Kompact by
Krona by 57%;e1). . . -

By H)lgLC (i:igs. 1 and 2) 2,3-dihydroxybenzoic ac@, m—h-ydmf\goumi‘ﬂ:c
acid, 3,5-dihydroxybenzoic acid, 3,5-dihydroxybe.nzow du(‘ Oid oralii®
acid, gallic acid, caffeic acid, sinapic acid, ferulic acid, vanillic acit
198
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OCH 3. Phenolcarboxylic acids derived from benzoic acid

4. Phenolic acids derived from cinnamic acid

R 0._0
\@j 5. Coumarins

and cinnamic acid in barley cultivars were identified, and in pea cultivars
2,3-dihydroxybenzoic acid, sinapic acid, vanillic acid, veratric acid, caffeic
acid, 3,5-dihydroxybenzoic acid, o-coumaric and ferulic acid were identified
(Figs. 3 and 4). In pea coumarin was identified, in barley coumarin and
T-methoxycoumarin (Fig. 5). In both pea cultivars the most present phenolic
acids were 2,3-dihydroxybenzoic acid (in cv. Lantra ranged from 230 to
405 mg.kg™' DM of seeds, 8,835 —9,470 mg.kg™' DM of plants, in cv. Menhir
230-1,500 mg.kg™' DM of seeds, 2,230 mg.kg™ DM of seedlings, 3,320
9,058 mg.kg‘l DM of plants) and m-hydroxybenzoic acid (in cv. Lantra
35-523 mg.kg™' DM of seeds, in cv. Menhir 617 mg.kg™' DM of seeds,
411 mg kg™! DM of seedlings). Major phenolic acids identified in barley were
2,3-dihydroxybenzoic acid (in cv. Krona 42-90 mg.kg’1 DM of seeds, 308—
1’215 mg kg™ DM of seedlings, 880-1,986 mg.kg™' DM of plants), sinapic
4d (62-167 mg.ke™' DM of plants), vanillic acid (17-253 mg.kg™' DM of
Plants) and veraric acid (350 mg.kg™" DM of plants).
i ‘? irrfﬂdiation caused an increase of the levels of phenolic acids. In pea
Seedsli €st increase was found in 2,3-dihydroxybenzoic acid (in cv. Lantra
4109, Y 274%), caffeic acid (in cv. Menhir seeds by 3,000%, seedlings by
’pIE‘lnts by 450%) and sinapic acid (in cv. Lantra seeds by 800% and
-nérea‘zzhlr seedlings ‘by 14.12% and plants by 320%). In barley lhe.highest
1,000%) Was detfarmmed in sinapic acid (in cv. Kompact seedlings by
and vanillic acid (in plants by 730%). In cv. Krona the highest
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V. CRP content in barley (mg.kg"l on a DM basis)

Cultivar Seeds Seedlings Plant‘s\
Kompact 7,820 2,540 5,825
Krona 4,840 4,090 5,130

VI. Change of CRP content in barley (%) induced by UV-irradiation

Seeds Seedlings Pl:mtsﬁ \q
Dose UV (Z hours) {224 h|[Z48h|Z24h|Z48h|Z72h|Z224h|Z48h Em
Kompact ~12.8 | -39.4 | +22.8 | +47.9 | 4922 | =628 | —47.6 | 655
Krona —42 | 135 | =563 | -564 | -17.6 | +24.1 | -13.0 } 0.0

VII. Change of CRP content in barley (%) induced by y-irradiation

Seeds Seedlings
Dose (Gy) 10 20 40 10 20 40 10
Kompact —27.0 | -31.3 | -31.6 | +52.9 | +81.1 | +28.1 | +6.6
Krona -253| +3.0|-103|-248|-357| -92|-533

increase was found in 2,3-dihydroxybenzoic acid (in seeds by 130%): sinapilc
acid (in seedlings by 1,300%) and caffeic acid (i.n seedlings by -]4('3%';?. A,S it
was reported recently, UV-B radiation resulted in a decrease of adaxial sto-
matal conductance increasing stomatal limitation of COz uptake bpi delayefi
and reduced the severity of drought stress Nogués et al,, 1998). In addi-
tion to UV-B irradiation, ozone fumigation, wounding, aluminium stress and
salt stress induced increased transcript levels of the sad genes in pea (BT 0.'
sché, Strid, 1999). Increase of phenolic acids and other polyp‘z;enols ﬂ.15
in accordance with the fact that flavonol glycosides and carotenoids are BI;;
tecting plants from ultraviolet damage M iddlet on, Teram ura ’(]}96 {z‘
UV-B damage could be dependent on the carotenoid f;oncer.)tratpnj ( i
et al., 1999) and flavonoids can protect DNA from the induction of il:uavb;ot,
radiation damage, as it was reported in maize (Stapleton, W allqt 8
1994). Phenolic sunscreens are highly responsive to the Wavclengh\‘(ﬂ HcO y
most affected by variations in ozone levels Mazza et al., 2000). R-ad r
al. (1996) have shown that UV-B radiation, in contras.t to O3 enhanbiidase
activated oxygen species by increasing membrane—logahzed NADPH—O(1 it
activity and decreasing catalase activities. y-irradiation caused only 4
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increase of phenolic‘acid content in cox}qparispn with UV irradi
v, Lantra has bee@ .I'oun.d an mcrease.ol 2,3-dihydroxybenzoic acid (in seeds

'260%) and caffeic acid (by 50%), in pea cv. Menhir was determined only
. Jittle increase of m-hydroxybenzoic acid in seeds, sinapic acid in seedlings
d plants (Table III). In.barley cv. KOIT.]p‘dCl. was determined after Y-irradia-
jon an increasg of 2',3—§11hyd1‘0>.<ybcnzmc acid (in seeds by 440%) and 3,4-
dihydfoxyben_zmc acid in see(.ihngs by 98%: In cv. Krona was found after
rradiation an increase of 3,4-dihydroxybenzoic acid in seedlings by 50-100%
and vanillic acid in plants by 40-250% (Table 1V). Accelerated conversion
of conjugated phenolic acids such as chlorogenic acid into simple phenolic
acids such as caffeic or ferulic acids were reported by Pendharkar and
Nair (1995). Tomoda et al. (1980) noticed changes of sour taste and the
composition of carboxylic acids induced in brewed coffee by y-irradiation.
As it was shown on Arabidopsis, y-radiation induced leaf trichome formation
on the adaxial surface of mature leaves after massive doses (1-3 kGy) of
«{.radiation from ®Co (Nagata et al, 1999). y-radiation-induced trichome
formation was mediated by active oxygen species generated by water radi-
olysis. Treatment with antioxidants before y-irradiation suppressed the in-
crease in trichome number.

An average CRP content in barley cv. Kompact was 7,820 mg.kg™' DM
of seeds, 2,540 mg.kg™' DM of seedlings and 5,825 mg.kg™' DM of plants.
The same trend was observed in Krona cultivar: 4,840 mg.kg™ DM of seeds,
4,090 mg kg™ DM of seedlings and 5,130 mg.kg™! DM of plants (Table V).
It could be concluded that during the process of sprouting CRP content
decreased but in plants its content was higher.

UV-A irradiation caused in barley cv. Kompact a decrease of CRP to 68%
of their origin content, in the seedlings its accumulation became greater to
128% and in plants a decrease to 93% of its initial content was observed. The
Similar trend was found in cv. Krona (a decrease to 89% in seeds, 77% in
seedlings, and 60% in plants) (Table VI). y-irradiation produced a decrease
of CRp compounds. It was determined statistically significant relation be-
tWeen CRP content and the vegetation phase of the plant (Table VII).

We have recorded increased levels of phenolic content with enhanced doses
:lf I{\QI-A radiation in accordance with data reported earlier (Balakumar et
in.’the 36, 1997).. An enhan'ce(.i level of total phenols with an apparent mhlblti.on
State RO activity cl_earl.y indicate that under UY treatment, plants asan adaptive
activi%’y tend to maintain the turnover rate of phenols by lo_wermg the PPO
‘entialy Balaku mar, Selvakumar, 1998). Phenols might serve as po-
reactivgofl-enzylllatl? antioxidants unde.r uv radlatm'n that causes gelneratlon. of
haye OXygen species such as superoxide (O2) and singlet oxygen (“O2) which
&reater toxicity potentials on biomolecules and membranes.

ation. In pea
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CONCLUSIONS

During pea sprouting TP content increased, in barley cultivars TP stagy
tion was found. In investigated plants UV-A irradiation caused an incl‘:a?
of TP content, y-irradiation enhanced TP content in barley but in pea d:
creased it. CRP content in sprouting seeds decreased but in further develg -
ment of plants increased. In barley UV-A and y-irradiation decreaseq Cng
content. Cultivars responded differentially to various doses of irradiatjqy, in
both types of irradiation. As the most contained phenolic acids in pey ang
barley were found 2,3-dihydroxybenzoic, sinapic, m-dihydroxybenzoic, Vera.
tric, and vanillic acids. UV-A irradiation caused significant increase of the
content of these acids both in barley and pea, whereas y-irradiation caused
only little changes in the content of these compounds.
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ORSAK, M. — LACHMAN, J. - PIVEC, V. (Ceskd zem&dglsk4 univerzity,
micka fakulta, katedra chemie, Praha, Cesk4 republika):

Vliv UV-A a gama-zéfeni na obsah polyfenolii v semenech, naklicenycp sem
nech a rostlinich je¢mene a hrachu. 3

Scientia Agric. Bohem., 37, 2000: 181-196.

Agr()no‘

Ve dvou odriidich hrachu (Lantra, Menhir) a je¢mene (Krona, Kompuq) byl
sledovany zmény celkového obsahu polyfenolickych litek (TP) a dominantng Zagtou%
penych fenolickych kyselin zplsobenych UV-A a y-zdfenim. Zmény byly 5§Qdovjny
v semenech, nakli¢enych semenech a rostlinich. V odridach je¢mene byl taks sledo.
van obsah ltek typu katecholu, resorcinolu a floroglucinolu (CRP). Obsah celkoyye
polyfenoli (TP) byl stanoven spektrofotometricky s Folin-Ciocalteuovym C:inid]em)
obsah polyfenolickych latek typu katecholu, resorcinolu a tloroglucinolu (CRP) spek.
trofotometricky s p-dimethylaminoskoficovym aldehydem a fenolické kyseliny po-
moci HPLC. UV zifeni bylo aplikovano po 0, 24, 48 a 72 hod. pfi vinové délce
A =351 nm, y-zateni s °°Co v davkach 0, 10, 20 a 40 Gy. Béhem kliceni hrachy
doslo ke zvySeni obsahu TP, u odrid jeCmene byla zji§téna stagnace. UV-A zgey
zplsobilo u sledovanych rostlin narist obsahu celkovych polyfenoli (TP), y-zéten;
zvysilo obsah TP u jemene, aviak u hrachu dochazelo k jeho sniZeni. Byla prokg-
zdna statisticka zavislost obsahu celkovych polyfenolti na ristovych fazich rostliny
a na davkdch zareni. Razné odridy reagovaly na ozafeni riznymi zm&nami obsahy
celkovych polyfenoli i latek typu CRP. UV-A a y-zdfeni sniZovala obsah litek typu
katecholu, resorcinolu a floroglucinolu u je¢mene. Statisticky vyznamna z4vislost by-
la nalezena mezi obsahem CRP a davkami zafeni a vegetacni fazi rostlin. Obsah CRP
v nakli¢enych semenech se sniZoval, aviak v dal§im vyvoji rostlin dochézelo k jeho
néristu. Nejvice zastoupené fenolické kyseliny u hrachu a je¢mene byly 2,3-dihyd-
roxybenzoovd, sinapova, m-hydroxybenzoova, veratrova a vanilovi kyselina. UV-A
zafeni zplisobilo zfetelny nértst tdchto kyselin jak u je¢mene, tak i u hrachu. zatimeo
Y-zdfeni zpisobilo pouze malé zmény v obsahu t&chto latek.

UV-A zifeni; y-zafeni: odridy hrachu; odridy jemene: obsah polyfenoli; fenolkar-
boxylové kyseliny; obsah litek typu katecholu, resorcinolu a floroglucinolu
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