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Abstract
Phenylalanine (Phe) is the precursor for the biosynthesis of various secondary metabolites,

which has crucial roles in improving plant growth and secondary metabolite production. Therefore,
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the objective of this research was to investigate the effect of Phe on seed germination, growth and
antioxidants of sunflower (Helianthus annuus L.) sprouts. Soaking seeds in 0, 100, 200, 400, 600
and 800 mg/L Phe for 8 hours resulted in non-significantly different of seed germination percentage.
However, sunflower seeds germinated earlier under 400 mg/ L Phe, which showed the highest first
count of germination and the lowest mean time to germination. Phe concentrations of 100, 200
and 400 mg/L were sprayed at 4 days after sowing and sprouts were harvested at 5 days after
sowing. Results indicated that sprayed Phe treatments promoted the growth of sprout as shoot
height, fresh and dry weight of these treatments exhibited significantly higher than those of non-
sprayed treatment. The highest total phenolic content and the best DPPH radical scavenging
capacity were obtained under 400 mg/L Phe. Total flavonoid content was not statically different

among sprayed and non-sprayed Phe treatments.

Keywords: phenylalanine; sunflower sprout; total phenolic content; DPPH radical scavenging
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Uagduguilaalvanudidgiulasuims  diuarswanliuesanuluguvesans quercetin
915haT AL BIN150 5T dUTYle v Ao way kaempferol [2] YNNI S1891UVe4 Pajak
aunmifindu Tasawiznisuslaadndaduunds wazAne [2] Sanudtdugouniungiudusuu
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Yhoinustediy ansuszneuiiuedn nsnoziily uax
vhsfuveuseiveged uegaddod Ay eviu
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200, 400, 600 tag 800 me/L

N15TENLAN WnudanIungTuiug
o eataz iUl NaOCl Aududy 1.5
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izazl,aa’u,a?i'&f[,umiaaﬂ (mean time to germina-
tion, MTG) LR35 83LUAALAZINIZLY ULA 2TUNTS
NAADUANNNEN TuAnduIuduna1unanniuy
qufiveny 10 Junduniziwdn udrthunmudme
MTG [8] lneldans MTG = STN/IN, lae T, A8
FLULIAMAUNILLUAR WAy N, AB F1UIUAUNA
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senamneuiimaaluimnzlunassuin 10x15x5
3. (N34 x 817 x 89) ﬁum@éf’wﬁwaa Tuusiay
naeang 100 wia 9ndutlunsdudeauey
gaumndl 25 °C Tfuas 8 lusuazila 16 Falus
Tidmntu iedusousiy 4 fundauws vy
@158¥a78 Phe AuuTu 0, 100, 200 way 400
me/L Y3185 10 mL/naes iviAeddusouile
918 5 TUNSUNIZ 1UHUNITNAGBIRUY CRD &

v
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2.2.1 mM3syAulavesiugsu Juiin
AugeRy dmidnan uazdminuis lnseud
gaumndl 50 °C u 72 Falus

2.2.2 ansfueyyadasy iduseud
BULINIATIERUSINNEN S wenYadasy Tned
s il

(1) MswssNaTannfeg 1R U
Nunziu lngaauuasainisess Chumsri hay
Az [9] thAuseufiouwiaufivieviuea 95 %
Taeld8nsndan 1: 10 TneuSunns hnisasasisn
aosnsalngldivararsuarUsunaswingy 1
arsanai buviliuienae3s vacuum dry Wy
1an 26 Falusvideauninavuis anntuthansarde
AugauNIURzIUINANYIUTUINEIITAUOUYA
dasy

(2)@rsusgnaudl Yo N anun
A5129992875 Folin-Ciocalteu colorimetric 1ag
fnUas31n35999 Folin way Ciocalteu [10] 11
ansafadus oununyTuazatedeuindu 193
AT Nty 1 me/mL 9 udinaisazane
Usung 20 pL aslu 96 well-microplates 1@ 2M
Folin-Ciocalteu’s reagent 139974 10 1111 U193
100 plL taglAnansazany 7.5 % Na,CO, Usunng

o

80 pL Uulilunie 30 w1l Mgaumngivies Uluin
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ﬁhﬂﬁ@‘mﬂﬁuuadﬁ'mmmm?{u 765 nm #18
13 microplate reader §1 PowerWave XS ftie
Biotek FuaniUSinaansuszneuiiuedniianue
Wiguieuiunsmunnsgu eallic acid
(3) answanlauessiavan Hias1ei
TneanuUasaInidves Zhu wagamy [11] Wans
afndugeumunzTuaraeseiingdu ey
Wty 1 mg/mL Tinansazaslavasnnnass
UTu19 500 pL 1Hd 5 % NaNO, USu1ws 75 pl
naulidnuwdunal 6 U uazliy 10 % AlCl,
USuns 150 pL wadlidfudunal 6 wil i
1 M NaOH U311a15 500 pL gasieifiaiindu
U103 275 pL vailiunu 15 undl figungiivies
nudiunansazaieusunns 200 uL aslu 96
well-microplate ﬁwlﬂi’mmmﬁ@mﬂﬁuuaﬁmm
819A8 U 510 nm A281A3 04 microplate reader
funaUsinamaluesshaunssuiisuiu
N3N catechin
2.2.3 quisdueuyadasy 1as35 DPPH
scavenging activity AALUaI91NIZVDY Yamasaki
wazAny [12] Uasananugaununz iuazaie
Frevndy Wianududy 1 me/mL anniude
yslidanududugaineidu 200, 100, 20 way 2
pg/mL ViUpasazatsuaaz AL UNTUUININS
100 pL aslu 96 well-microplate LANA1TaZ A
DPPH USu1#5 100 L Unliluiida 30 waii 4
gaumqiivies hluindnisganduuasiinimen
A& U 520 nm A78LAS B microplate reader
AN % inhibition agl¥ans % inhibition =
[(ABS ool - ABSeyme) + AbSconrol X 100 Lil8
ADS o 1D ATN1TAANTULAIVBS control uay
ADS ot B ANNNTAANAULEAIYDS sample 31897

& ] v dou
NalduAn EC50 (AIANUANTOVDIETANANI UL
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ouxa DPPH 71 50 %) Tagdnalldainnisiien
% inhibition fiAuduusng 9 Wnuanly
NIINTENTIWAU X AD ATAILLTUTUVDIAT
ATANUNINTFIUNT BANTAN D WasUAY y AB %
inhibition ATUIUAIAINANNITADNITTNLUTBY
WEUAIANANNITOVRIANTATUOULADHTE TENINS

fegenuaTaYaLNINTgIY

3. NANTITBNALIRNTAl
3.1 889 Phe ADA21UIBNVBUUAN
Mungiu
nsugdaniung Juiugevioanay
Juldluansazane Phe inauidudu wuinwded
Wesidudanusenliunnaraiuegaddeddny
Ingiugervieaiininueen 68.00£5.16 fis 80.50+
5.16 % wazWugduludninueen 66.50+5.74
79.50+1.00 % @7UAULTIUTIVOUNEA WU

1 < o s L
nswdinaniug e eanasduldluaisazany

Phe A3dudU 400 me/L Wwanilanuseniiieu
ATILINGIAR AD 74.50+3.42 Uag 65.00+2.58 %
pwEIau Bndallssevianaaylunisendiige

P~

A9 3.40+0.08 kag 3.21+0.02 T AUA1AU (AN519

d

1 1) Han1snAaeaLansliliuinsLuanniuy
neiuluansazane Phe vnAnudutuliaiuise
inesifudamuen wiwdnenldiduiloud
winluansazane Phe Aranduduiivnzay fe
400 mg/L \il9s91n Phe funumilunsnszdunis
a5sgesluuiuiveisaauluman [3] danalniinis
Weuveseuleiiiiedevaarsemsazanlanze
duasuliiudnsenldisrdu [13] nanisnaaeci
denpd o un1suwdaniuag uluaisnszdu
Fanmeiind u 1wy salicylic acid [14] 71w adl
wWesidudausenladunnatsegredidedifgmig
admdlowtluansazans salicylic acid avududu
fn9 o winsutwdafinnnadudu 500 uM wied

AnuLdausanniulneduseuasqivlalanvy

Table 1 Effect of phenylalanine applications on germination, first count of germination and mean

time to germination (MTG) of sunflower seeds cv. Arfael and Jumbo.

Phe conc. Germination (%) First count of germination (%) MTG (days)
(mg/L) Arfael Jumbo Arfael Jumbo Arfael Jumbo
0 68.00+5.16 | 67.50+5.74 | 4350+4.43 | 43.00+3.46° | 4.22+0.11° | 4.21+0.14°
100 72.75+9.64 | 69.00+4.76 | 55.00£9.02° | 49.50+4.43% | 4.03+0.08° | 4.21+0.14°
200 72.5049.71 | 66.50+5.74 | 62.00+8.33" | 50.50+6.40° | 4.04+0.15° | 4.00+0.08"
400 80.50+4.43 | 79.50+1.00 | 74.50+3.42° | 65.00+2.58° | 3.40+0.08° | 3.21+0.02°
600 70.50+5.74 | 72.50+7.72 | 61.50£7.72° | 63.00+5.29" | 3.76+0.12° | 3.54+0.04°
800 68.00+2.83 | 69.00+8.08 | 59.00+6.22° | 53.50+4.43° | 3.50+0.09° | 3.58+0.05°
F-test ns ns ** ** ** **

Means +S.D. within each column followed by the same letters are not significantly different at

p <0.05 level by DMRT; ns = non-significantly different; ** = significantly different at p <0.01
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3.2 NaUdY Phe fian1swa3gyiiiulanazans
Aueyyadsaszasiugaununziy
3.2.1 mMalasgyulavesiusou
Fugeumumy Tutaiugo1en
warduldiniswsyivlafdwilevuaisazane
Phe ALt 100, 200 Wag 400 me/L Laeiiug
pvteanazdulddadiug iy 4.1120.19 fig
4.29+0.22 93, ay 4.12+0.19 9 4.29+0.22 %,
iy tinae 227.0245.71 §1 228.52+5.50
Me/AU ey 236.21+2.36 £ 240.60+1.16 mg/Au
AU U 43.56+1.84 fi 44.05+2.32
mMg/Fu tay 45.11+2.30 §4 47.16+1.45 mg/Au

ANUFIAU %ﬁhjLLmﬂﬁiNﬁ’umaaaal,wiﬁmé’ménqq

n718 wmaassnuAui L nsuaiseded T
dfay (137971 2) wandliiuiiniswuansazane
Phe NnAMuuduaIunsaduasun1sasyiule
vosdugaumunz il 1ieann Phe 1unsnexdily
ffunumlunszdunisdunssvisesluueenduy
Juasadu wazlelaladu (4] Fethewfinnsuls
a8 N15VEIBVUIAVONYAE dINaluNTANI3
Weiulnity [15] nan1snaaesilivinadonndes
fumluaned [3] A. visnaga [4] waglvszn [6] 9
A1sNuAITavans Phe M Aandudusig 4 iy
wa1ifaugs dndnan wazdmdnud sy
\intuegafited i ewSsusdieusunislaini

Phe

Table 2 Effect of Phenylalanine applications on shoot height, fresh weight and dry weight of

sunflower sprout cv. Arfael and Jumbo.

Phe conc. Shoot height (cm) Fresh weight (mg/pl) Dry weight (mg/pl)
(mg/L) Arfael Jumbo Arfael Jumbo Arfael Jumbo
0 3.82+0.16° | 3.80+0.14° | 195.01+5.18° | 184.98+2.90° | 31.40+1.23" | 24.26+0.99"
100 4.11+0.19% | 4.12+0.19° | 227.0245.71% | 236.21+2.36° | 43.56+1.84° | 45.11+2.30°
200 4.18+0.25° | 4.18+0.25" | 227.55+6.26" | 238.71+5.87° | 43.76+1.41% | 46.04+0.68°
400 4.29+0.22° | 4.29+0.22° | 228.52+5.50° | 240.60+1.16° | 44.05+2.32° | 47.16+1.45°
Ftest " . . = 2% 2%

Means +S.D. within each column followed by the same letters are not significantly different at

p <0.05 level by DMRT; * significantly different at p <0.05; ** significantly different at p<0.01

3.2.2 asAusuyadasTuATqVE AU
pULAdHTE DPPH

NMSNUEITAZa1Y Phe AMULTUTY

Ag 9 TAnudusoununziu wulanduiuimans

UszﬂauﬂuaﬁﬂﬁwmLLazqw§é’ﬂuaqga§ai:

DPPH unnansfuegnafitfodday (1351971 3) lag

ATNUANTALAIY Phe AMILTUTU 400 mg/L AU
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goumunzTuraiugemioauas Sule TuTuna
asUszneulueAniionungean 63.32+1.33 uay
34.25+1.57 mg GAE/g dry extract MuaIAU LAz
fiqns fusyyadase DPPH Afian Taeflan ECy,
12.50+0.03 Wag 13.25+1.49 uyg/mL A1NAIAY
dauuimaamsrailuesdiomn wudinsy

P

a1382a18 Phe MNAULTNYY AugauNIUAE TUil
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Usinaansianluesdnaualdunansnefunieada
(91574 3) IngitugomeawazIulusiUsunaens
WaTauoosanun 86.17+6.68 9 98.55+7.01
mg CE/g dry extract ey 69.98+16.38 §i3 82.53+
17.04 mg CE/g dry extract #0810 U NANT
naassuandliiuiinsnuansazate Phe Ty
fugoumuns Sulussruaududuiivanzay fe
400 mg/L @usadd@sun1sas1sansuseneou
fluednuazifingnidueyyadass DPPH Hans
nnassiilinaaenndesiusissuves ELDIn uay
El-Wahed [3] finu3nniswuansazats Phe iy

fualunneddnalvdusuaasusenauiiuedn

nneyily uazdifunenszineged ueg el
Wedrday n1smeassiinuiinisadrsaisianty
wemluduseununziulinevausine Phe 34
aonndosiulnszndoutidnluaisazats Phe
AMUTNTY 0.05 kag 0.5 mM nuanluluseniil
Usuraansnailavessladunna1afud anaaes
PuAuitLifinisuyans [16] winiswuansazane
Phe AMUUTU 5 MM AugaulaIniln1sasie
ansrlalauesdinTy [5] Fatunisnevauas

Phe Tumsnseduiiioaiauazasauasiueyya
Saszavdusnadulutufurdafia 3301514 was

AMULIUTUYDIES

Table 3 Effect of phenylalanine applications on total phenolic content (TPC), total flavonoid

content (TFC) and DPPH radical scavenging capacity (ECs,) of sunflower sprout cv. Arfael

and Jumbo.

Phe conc. | TPC (mg GAE/g dry extract)| TFC (mg CE/g dry extract) DPPH (ECsy: pg/mL)

(mg/L) Arfael Jumbo Arfael Jumbo Arfael Jumbo
0 55.35+0.61° | 26.84+3.70° | 86.17+6.68 | 72.48+14.27 | 19.01+4.08° | 21.98+1.03°
100 55.58+1.82° | 26.50+2.39° | 86.56+2.86 | 69.98+16.38 | 17.70+3.43° | 18.52+5.11°
200 56.50+0.66° | 26.89+5.93° | 84.17+10.92 | 73.1249.13 | 1551£3.27% | 18.40+1.19°
400 63.32+1.33" | 30.25£1.57° | 98.55+7.01 | 82.53+17.04 | 12.50+0.03" | 13.25+1.49"

F-test x* * ns ns * x*

Means +S.D. within each column followed by the same letters are not significantly different at

p <0.05 level by DMRT; ns = non-significantly different; * = significantly different at p <0.05

4. a3d

1 [ [
Msudiudaniungiuluaisazane Phe
waaosiiudanuaanlluana1aiuni19ann we

< v g £ A &
wansanlasWudloududnluaisarate Phe
AULTNTY 400 me/L N1SWUANTAYa1Y Phe
AT 100, 200 wag 400 mg/L AusauiinIg

WigAuladnan st Wua1s wazn T UENS

a

#158xa19 Phe AL UNTYW 400 me/L AU ol

Doy

USunaansuseneuiluednianungegauaziiogns

aal

AueuLABaTE DPPH Avian
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