YEO-YYD tamio VEF slacoigns,l 5 cpsss 08 ayled M ds (aLS 5 S, 5 anl
https://doi.org/10.22034/13.59.235

b ot 5 518 8 o O s pade (5le B8 5 Srricen oS 9 S 2L

T i dazms down 5 V(53 S0 B3 plgll (3 puae (5 S
pobe o> ( pldb p ke 5 4085 o uSLEls ks Sl S 0 Kiba g 5 Ol S Dk (o0 5 Ao (haSS Slbass oS !
Ol Sl Sl (S5 3
Il 3l Sl (Kb p ke oils (013 psle 5 45 Sl s Dladow S e T

OFY/ VN ol Gpdy sl AFOY/F/ 0V il o 5,06)

oS>

bl i U0 T U3 4 5 030 4350 (5355158 5Ll 4o oS ol 4 2 5 b s b e (838
F 03 bl i oS 5 S 3 pasthe 38 SE G5, Saa b sl iagh conl byt Coeal S )l
ol el slasled s Ll 1S Sler b dalar TalS slasS sl b B s Sl (S pske o1 cads Slidow
probs ot £ S S ¥ (S0 )8 G S i il 5 ¥ 3Ll S S e ot £ 510 L e als
ot p 8 ¥ i sone S 3 e ot p S S ¥ (S5l 4 S s e ot 2 510 (2L o S s
¥ S ol ey e okl hdsu e BT s S 50 i ot p SAS Y S0l 4 S o i
+USe 53 0 SN0 Shd o Jles s SSh ot Jg s slien 4 ) S 0d pshe I (de ot S LS
O 4z 143 sdalin 5l )3 p S kS ¥ (S5 )l8 + 518 55 p 870 3 glons Sl 5 518 s p SAS T S5l
R fi.s-’ 3208 (Jilie 53 Ll 2B K 1 e ot 3 )8 il (slales AU o0 dypl el it
WAalE b dglin 53 5 fen S 0b Al 5 Jshone B Ol bl ol ety 1) WS dialisl 5 (S 5L ploe
Ol (S5 32,8 51 fde mde St (SB35 5 (AL s fi,: P {CRPCR [ I b St 3 5508 At o
Ol mpl CIld SRl Blis 53 5 ioew odd Ol ke alS Cass e Cothe ALl o (S8 sy
P pSHSY (S8 + ke 0 50 Sbd gl glajles 3 LS gs, Sl A f_;i Sl il cp 2 s S LS s,
04 3l I o a1 elial A8 ol U s p S kS ¥ SIS 4 S s p S T B e 5 S
3 i 08 5 el GGl sb Lo mdeaile LELd o 5 (S paemme 0 A5 S e 08 3 Shes

g Ak (SB35 b el e Sl AU s 3T g dd Jgeams ChS 5 CoeS s s

jts_,.:) Q‘jﬁ 5"5”" c.._Jw ‘MUf gdj\.«n;;'\.'ﬁ s A)ﬂmﬁ ‘cﬁ""-"bﬁ‘ :‘5.\.:15 lods

L;,)f;ﬂtpuoigdgswqjmdwﬂzou\ dadle

e S S pole Jold 50558 polie 35 S 5 0Ll QLS W3, Gl Sk 3 5525 ol 2l

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

smmazloomi@gmail.com : S s S gy S5 ¢ e 0k 55*


https://doi.org/10.22034/13.59.235
https://doi.org/10.22034/13.59.235
https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

VR Jlu 08 o)led A Wi alS 5 5,18 5 a3 YY§

DLl 5 Sl 3 stk i el il S 6
Wles S Ak Sb (555 S GBS 5 S p ik Sl L
ool oS s OALS poile win g el sl
Khanal ) 1S e 5,05 pldé o iy 4 505 S Ol S 3
$l3sy) by Olpe 4> S1.(and Knight Dacvin, 2010
@ Ol 5 005 gl alls B (gl ol slgily o sl
S asibe i LN Wl il ¢S5 Sn Ve 500 i 5
b 3l el e ol 5l a8 355 e O eme 33l lan
02 0858 YY) 0 53 pphee 31 QUL slis 5525 K05
bt sl (005 sl p 85 S VYo 5 0l e (510 55,
3 Sl 5L 35 5m e gk dde D1 5B 5 Ol e
Olpe S5 4 o350 o CJSTJJ_(:J» Foo oo b6 pdan
3 OBl Glr e Soae olply Wl Sian
35 02 eSS ae Jss ol dle Sl zeS OIS S
g WLliz s 5 058 gl 5l 035 0 SAS 2 ll w
Kieliszek et ) <l ol 4o 5 335, )3 rj_f,;?a fo v
15 e S p g o el il el - 4G (al, 2022
Ll G e Lol o (U o Glils o 5 oo
Slp oS nolis 53 o3l ol oS 33 sl oot
il o 5 e 35 palie 5o Lol (655,00 Ol el
.(Nuttall, 2006)
S s a3l b gl il (sledlas Sl S
4€)°‘ﬁﬁb():;l“#j‘):3m&m)m(j)>6
338 X e 1 0L ppl a8 Sl 0 3L OF dUss
3 aS ol Bl a3 5 Ludls dalp 358 sl Ol
Lgh o axlye posde Sa0 L 55 LS oo oolital olse (ol
<=l>.=;l Ol s a8 Sl s sdae (SKrypnik et al., 2022)
St o3sa 5 Ol Sl i edas Sbe das e OLES el
ol 5l b 3508 5ls S et Ghba
Nazemi ei al., ) s> sl pyeke 5o 508 il Gbls
Ll 53 ok G e =g 03 UL jlaie 4 (2010
s asms (SSNS sl s Gladss 5 Sy s S sbe

L;JJJL.;S QUW}L@U& tJJ.a.a JAL:' LS‘A._[JJJ >f<f,)J

055 Jold S Ol a5 2,555 5 e el o
G 5 e DA go 5K ol e sl e (IS
oub olae 53 Lole ol (Skrypnik et al., 2022) il s
22 5 ey Olgsa buge polie )3 (gHs 8 LS, Gl
b e S ek Ol cul 5> Al g Ul polis
RCU T S WO R R N VOO J] BCSWOSRSt SCI S
S e cplediSailil QLS Olye 4 OlS I & 5
nd o (§ pie Ol g @y p gl 50 (SWIlA 55 5 Lo
Chen et al., 2021; Yadav ) <ol ol 4zl lagl A, 53
S5 ol il LS sl S (et al., 2005
Gl Gl ST RS el 5 Kl sl o gk
(Linetal., 2012) 3,11 5 3 5 Lagsl Jslaze

39 ol b sk Lol 5 0Ll O )3 p ik
dod S o 53 S ol antld Ol e 3 sk YO
Olyeas 5 3503 3m5 (et stho aalionl laoSs )
Coeal (Rayman, 2000) &S o fos a8 5 LS| le
A5 S 5 iy AL oLl el gl LS s 3 e
S b gole o dlexst oy o sl (SLa05 )3 5 ke
Schiavon et al., 2020; Brown ) .l ol yascie ;e s
Ao sl ssSB S Olgea ppele (and Arthur, 2001
2 ol ol ol (55 L3S Ty 05568 Sl 5T
L Jshe sladenslyy 5 2500 IS 2 oliy lacil aan
G5 sl J ke 55 peze 0SS 5l azm 55 5 02ls JRalS
(ol » esUe (Chen et al., 2021; Patrick, 2004) LS ..
S 53 ok € Als 3 gz O 3 (6,503 ke slag 3T
Olgsas &S o Jos (288 (5LST ele Ol gea Olilles
53 L AS S 5 (oS 53555 oSl r—.’.}']ﬂ*" L
Sals LS| Sl J S 4 g das e JialS DNA
Mustacich and Powis, 2000; ) &S s WS Jsbo 0553
.(Kohrle et al., 2005

£ OS5 DUl DLl Oy s b clile S
by Ll pd el Oler OB s jasie b
ok Rl Al 4 a0l el 5 A5 o is e


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

YV paihe 3lese 5 e kS 5 A5, (2L

bl,&u}‘sa_,.ab

Turakainen ) ol g5l 3 Connl Glls ooriwm 5
sl s (5 e Y o A L .(et al., 2006
3 Sl pas) (ulple ol e e A8 55 5 (g5oslES
Ol kS 5 S 5o s e bele g mbe wg o pie
S Bk Sl RGN GpiS s g5 J s
&l OALS ol s ‘U,:;L»f.a;:« e L;"AU..,; )UT«_{JE
L;Laadlji.:a 3,08 e e J.]a.: O o5 Sl e Lg.l;uﬁ) ol
e DB Ol cmbe (OBely Llg e o s
el e )3 AL J‘J;:,a o L QLALS L;)'L.qu;.'o
gl il OF Jis 4 5 e b i S3lu e
Lol ass ool ol ccl Cuenl Sl anelr culla
ek Silu S8 5 i TS 5 A oLl Gda

MT)J‘F‘ML(}:ALMJJJ)S-E{"JJMUTJJ

L sy 900
ek 308 s i o 5 2l sk
5SS g S 3 prbe Sl Gl e 8 L1
Olids S, 53 GlobdS (bl (el CokS
Syt ATAY Il s b Sy ose oKl @i
JBolam LSSl b sl WS slacS 5k b
58 ol am s YA 5 \VF (i a5 Lo ST
Sy ke Aoy £ B 00 o O s sk 5 oy
05 N0 b sl (aald) IS ol c2lesl lsles
ij Yoo ihddee OSs s (NagOsSe) i e
2 e Sk SS Y 5 )8 O s e sl
a5 e il 0,510 il sl (S s s
Sb s e s e Sk oSS T L8
LRSS S I R P S S & BT P e
30 Jlde Ly S s s 55 e il p S LS
AYAY Glax) Ol Kiasn & g pslie ulal, psale
505 LG Cilise gla ilesT 3 V¥RV LK 5 (g5l

s OS] (s g 03 gas salive | OF e

Jolo RSP Sse0l 3Sss el panke Loeds 8
Woke il e B s el o gla o B O e
Olge b oodd st pled ilie SLS 5 5 o pte sl
(Chen etal., 2021; Cao etal., 2002) <l ¢ sk 55|

35 OLLS D3 ke Rl ) e la )
Gl S sl 03559 4 Ol e e OF 51 48 5515
35 el bl a4 panle Dol 5 LS oa psike
JJs 4 .(Lyons et al.,, 2005; Schiavon et al., 2020)
ook 3555108 Sler Oljla (ol 055 53 stk ool
L i 5 g0 o oS e 5l alS Dl e s
«(Tamas and Mandoki Zs, 2010) <.l axils  l3ll
L5 parke b g5ulis Clpams 3l ol ol
o b b odd g8 Slgame 4o 5 A e
153 bl S (ol 2ol 5 Calls w5 )
Lol (..alj_é |y axel>

ook 3,8 S ol 0T 5l S Slides m
3 AS 5 oS 3 Sk (L5l S Sbd sl O o
i dex Sl Slgame (Fp 55 sl Gile 28
(‘”\5 «(Chen et al., 2002) = «(Poggi et al., 2000)
(Zhu et al., 2016) S s4>,S 5 (Lyons et al., 2003)
S ool O Sl Slidw b ol sls 518
dald 4 Sl (5 20 3 Sas psides Lol slad s s
65 4eli memd Oles pailes e 5 azdls (43 YY)
Wos Ve opd Gl 4 im0 1 eSSl
Turakainen et al., 2006; ) ol osls iul58l ds s
Slis sdiadl )l ls S WLl o (Turakainen et al., 2004
53 r;‘-;l,.d WG XD e i ol 3 p il
Juzl et Y44 QLK 5 (Sods) Cul S osle Cﬁjlas
.al., 2007

bl Solanum tuberosum L. e R N
5l dpame cpl ol Olgr ol e 3 Ll 3,50 lde
ool plie D03 5 S Sl e Ul W5 Ol B

Mg plhe Bl b 5hcalesls olawtl st a0 |


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

VR Jlu 08 o)led A Wi alS 5 5,18 5 a3 Y¥A

L 0T il il gladel s 53 Slpi o
258 Do mle S Sl S oS

slad sas (Lui et al., 2003) azulis 5 So3lul Cg
R e i TR
Aoke Yooas byl T L L 055 Rl 4 Ol
oy o w5 Bl Aoy ) ol o e J e
b s Jalon 04 56 50 51 ey 2 S Sl 555 0k
ool s w0 axaliS 5 i bl ot o Cid 5 blo S
LS Ko Y0l blg 5 s T L L s
Tordsb 53 ey Sl Lo 05 5T G iae 5l eslind
NN S5 RPN I SR INCH PN WA SICPRR 2

gad oS e ¥ S s, Sl (S el g
Y7 dsbsn sl emlind 5L a3 s jm oo
o Vol s ocele K s w ey S35
| PVNRSCIR YK S e B W B P I g W
S A el 3 Jloes dl S 5 J e 2 s
) daliss sl ek Jslome 1) e S5 Jle s Y
Ol caids Yo G338 51 e aelsl s i a5 381 (Ao s
g $lp s S 6 Selll e sl OFe C}»lea 03wl
A asliul (NANO2) sl oy 35 31 3 1kl J o
0 S 02 et 0 Ss S sl il el
Cataldo et al., ) a1 acwl=e celn 5 <3l 636 O3
lsa t\,\jl doys O Ol S Ol s cuals 5 (1975
sl kil el 5l S 5, e s b S e
s oS o a5 0te 5 Shas 5 L (g5l
Al S el

5 pladl Laesls ST SAS (Ul Jigsle 5 b cale L3
Izt oo 53 Sls O ge3T Sl eslizal b o Sls a i
A rl?u'\ Ao

C&ugc;l.’e

L s oy sl S L eSS Ve lapluls
Calda VA adnd ooy o) 3L Ll sdteslinal Sbs
el 5 A Ll 3 e e VY (S S
OF 033 Olsr 5 plimen YOr SO L ol o5 4 S
2 pSAS YO Sbt Osasl s alul s Aoy A
ERIPY Wi RCHE U E SIS TKS S PIBIE
SLOMIS 3 i sslinal el Sl JSa 53 0 SAS
ok 355 (il ol S 8 Glasles 4 by e
CiS Bl (35 s Glaods e i3 S L3I 50
5 sy e 3 5 S bede ol S5 43U i
LS Al bl b oS 15 A, s bl
CiS Gl @l dr b lS g Sl b plees
L ol

Sl s 2SSl ey b S s
(oo 1 Dbl 5 slite & A bl s il b by 0
Pl IS Dose g 2 S 3 s
Gy Jseme ol Lialosl slenl b oS Oloy 51 aolals
A5 ol ol o b as

03 Wped s 3 s ae pamhe Ol o ) sles
Se i s H2SOs 5 HCIOs HNOs (sladl bjbie
ammonium pyrrolidine L «<US M4HCl s (8%)
methyl 5 5 csl :als (7)) Se 4« dithiocarbamate
Lok chile culg 55 a2 (5 50 Las isODULYI ketone
Perkin Elmer Model ol s ey oSl 51 eslanal
' .(Mahaveer and Jaldappa, 2000) .& .5 5100
E-TER S| O RO PY R R PR WL RpJc 75 R
Lzl 1S ey S 5l eslel L precolumn derivatization
Grieve and Grattan, ) 4& eslesl (HPLC) UL 1S
s 2155 Il =) Jabe b Laa sed lanl (1983
05 5 oAl mesdl il Gly e
A esliad JUge /0 IS i Sl Sl s 8
=Y blsee J s 5l Seslas b il 4 p g o i


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

YW ) pahe 3l 5 (e kS 5 A5, 2L

bl,&u}‘sa_,.ab

et US Tl pomn 531 Aol < gidn e n Cohn Sl e (gla iy, 5 ke 5 Lol w308 ) Jsd

SR e oS .>|.L053a.1.6'= Jjﬂo.é ce.Lé-J:jL’SJ.s) Q‘j.g Va‘}J &.}MJQ‘}.‘; b|};.4 el sd‘,buﬁw):

Sl e 5:S0ke
e
slass s Sas Ol SlAie L3 Loy e C;LA
) ) . awlis mllf Q:M}Jj).il (ﬁj.:.l..v w33l
ode ode )'LTS}J) Ql;ﬁ.f J)Jow

Yo/ayns A+ O™ OO/+0™  NY+/YYTS Ve rYnS £150m \EZAREM Nt ATARL Y SSG
N 7AT SR VIR SN 2 SR L P/ S VIVAR R d A YY/YYF VOV YA/OYFE 0 Sles
FANY Ve/AY AVARZ \VE/EY VO/OA NFO Y/ . VE/YY \Y/YVE ) U

s dag ) S dsams ole 5500 dseds )3 55 5
4lie .(Schiavon et al., 2020; Schiavon et al., 2017)
O Sl Ko Sl mls ol iass 5l fol ml
e ool 0a UL s ke Golups Sl
Camellia oleifera 5 (Turakainen, 2006) ;oo
Lok ok Olye Rl58l Zel (Song et al., 2015)
OLLS > pade lois opar 3 cwd el S
s JLis w0 313 g5 (g3t sla B 1S Clisis
ke deos PPossde aside b psjcan ladi
Turakainen, ) <l Ji phes ) sty Laode 53 eulio 53
3,8 8l e el Ol s il s (2007
S 2 55 e sl (S5 AT (5l 3 el il
VA ilwe 3 55 5 (Hartikainen et al., 2000) sals
o (Cartes et al., 2005) .l s, oS ;3 o sk (o
sl
Oliee ar S1 ol ragsy Sl edel Cosey il b
sl il bl b cod sl el
R I R N b sl
Sope e etk 558 lia 5 Ll (Y Js)
werldonl Ol Dlaime GRIB (S s
S Sosb 4 (Y dsdr) Sy sles 4 ) S
e 53 p SIS Y 58 4 S 5o p 500 ELd sl
Yoo s s p I Shd sl Sl 5 S

L(-S)‘JJM 6)&1 QJU:}‘ Q}Ju LLS[)— DL )& DL fﬁ).l.:s

'Jhgémf:b-’MJ:o.’\cb“Jéj‘é&M%;Afnsj“'

Jlosl il sla sy 5 hle b Ll 4 mls
waldl o 5 32) aalind o pidbos Jlade 1 s il
Clled 5 Sl Ol catwlid oJ g L3 Ao s (s US
315 5 0k 5 Shas ¢ s Jmes 0 ke 3 SIS 55, ol 2 rijj
S0k ol odd £1 Y Jads LB s s i oS
Sasn 3 Sl sla el elad Gl Lasiie oS
o olsme osb 4 (e sl sl Al 32 ) sl
ez 8 30T Chale Ol 5 e Sl Jlesl 3y, 436
S8 sl 0L sl tagn Sl edel sy il
ssba S 00 50 s Abd e Djse 4 el
l3 3 Sl o 1) S CaeS 5 kS (5l e
de DI SE e e Sk 58 S5k o
il glackle ar S1as esike 5l o
S AS Y 2 5 OS2 p S 510) il sl
o sl e Sl S s e Sl
NP OO S N O N o R ER sy
2 e SN0 ilbd e Sl o Gl e bl Sl
sl 5 S s (‘;)15 Yool ke
DS 3 p SAS Y 58 4+ S 5o 0 S LiLd loee
o bjles opl 5o a5k 4 (Y Jodx) Lo edalie S s
IRV B WS NSNS WIRT AR W~
Wl P SEE O 0SS e S e
b b (2338 48 ol O 5l Sl Sl
eoibe sl JT LS5 e (RIB1 Gkl e


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

VR Jlu 08 o)led A Wi alS 5 5,18 5 a3 Y

£3 oy 4muf &yi.&y‘ ‘m")‘gﬁ‘ An.cﬂiu\:nd‘ ‘fﬁ"l"' )|J..EAJ.3 v._i..)ud C_.:..L.c dLs.ﬁ‘ ekt 6\.&&_})_} C_.h.lﬁj;i}' -y d_,.\>

st S 0B 3 IS 55, Ol 5 V‘*jj Sl 5 Ol 25 Ol ezl oJ ghoes

T g
W . - )
I ", S S e <
Eh oy e y 43 : 3 %
) g 2 X “a ) 30\ 3N :
2\ \V\}k Z 3 % ) 3 \3 Yh S B i ‘?t ol
E S S O N ) 5
A A e R }5 & 5
0 = ' :
§ 2 J
LYARL AARVARL Va/evd VAT /YD Y/eR y/e e (Lalz) J x5
Ve/a0P V40/e P ARVARE /YD \ARL Y/AYR Y/AYC (A) S 53 p 500 3L sl
YA/YYD Yqy/F0be \AVARE ARL Y/\AP Y/ava £/AVD (B) LlSa 53 p ¥ 5L s
AVARE 14¥/+ 1D Yy/YoP /YYD AARY AVATAG Y/¥ore ©C) Sk ;s s s 6;;«;% 5,8
Y/ e AZARE YY/A2 ARt /N2 Y/ 2 ZARE ©+®»)
YY/AYR YAA/+ O \AVERE /YA \ARE Y/vye $IND? ©)+ ®)

| O&HA ‘)yji dd\nd‘ﬁ./.achMJ})‘.ﬁ‘jM Py L) CJ& skasolis gSj‘..fa JJ,’- bj.u,h)b

08 alld Ol JAul58l Ay o a3 4 .(Turakainen, 2006)
oAl s el e LBl b epde b obs g
S il e 5 cnlls IS s 5 S0 sl Ol e
.(Schiavon et al., 2020; Turakainen, 2006) Lil s g
Lods 5 baly; 5o bbda s S Lie Cob oyl 5,08
5358 o olS slaplail plo w a0l Jlast 51 wle 533 5 0
ol 5 bohda S Clll 5 mens Sob G b ol )
boaxg b oK a5l S e ol 5 beds s
23 3 go 4ol 51 (Gl s odE e D35 (S5
S ol Ol i 53 05 g Jie Lo ks e 4 1S
odd Col e 53,5 o o0,td ks s Laaalis ol
S Mt a Sl &S bl Sl e gk &S o
Coaws a0 A3 5 amulld Jlsl Julpl Cel ogd e oS
S osba 358 o laeds 55 WOl iy (g3lae o3 5 Lasds
Sl sl 3 OF Gl 58 4 ppk 31 36 A5, 558
35 s Bl San s S e e 5 ol IS

.(Skrypnik et al., 2022; Turakainen, 2007)

dals b aslie 5 doys YANYY | IS aislensl Ol e
(Y Jds) dsls sl 53l
Joloes 43 doys assy ool 5l Jol mls bl
I S RPN WONCIV WU RGPS S OOS NBT
agme Bl e bl slajles plas 4S5k o
el 308 b adl 5 s S aala b aglie s Jslons 3
SN2 S At e Sk (S50 (A o
YA Gl cose 0S0le sb w5 2 LOT I plS
(Y Jod) s S dals boawslis 3 bl ol sdo s
Olsee oS 55 01 Sl pole fashy smls Col a5 0LLS
Solame psba s b anslie )3 ws i ol axulis
PRI S PURWICHKIWEP CJCH N LIRS
AU bl gl bodaly s s as sdalie (ol s
S ke e S S 38 5 AL plowe o155 0008
5 Hdslee) Lo iy pal LOT I Pl a0 (S5 508
Yyt cu daly cpl s ((Ydaar) s (S 5506
ol Sillas s Oliises Jaw i ol 1S o b sl


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

YV s pathe ilest g e kS 5 A5, (2L

bl,&u}‘sa_,.ab

a3 dade s (SIS 1 518 53, Sl as o 5T OlaLS
bl nl cdlad s Ol 3)ls Sl i a4 b e
23 I e o O 4y b sl o 2 S5 ol
Sl o e Jols 51 S 5,8 e DS il (slaplu
2 sl sy olS Sl LBl s Sl e
Hernandez-Castro ) <l 5US 53, &l 2 w531 Cllad Ol e
o ol s 3l Jel ke b (et al, 2015
@ 2 D e S BUs e 51 S Ao
Sl Sy Sl il cdle I sl 58
(Y Js4)
308 6 35 015l (Sl ol Siags 5l ol mls
PIS IS PR G S PP RSN 3 (et ol
35 s ok 3 Shes 5 0 olad L1 o e
o5 3, sl s oute b p gzt ol S5 o4 a0
A ol e Cale S5 s 5L s
S alhd o fif“ ool sbajles 5o a4k
53 doss Y Lo bk edi 3 Shes e e
i 3 Sk (1 Jsdr) il Sl el b anglie
03 B 3l 5 ede O3 bawste g 3 0de ST 51 Al
s il s 4 sl Ras 5 el sl sl
A dodr) il GRlBl e sl 5 Shee ol
poke 2,08 Js a5 Ol il s Shes (L1
Schiavon et al., 2020; Djanaguiraman ) .l sl 5155
e 0L 53 Wsgad 5158 Olai=e (et al., 2010
Sl Lol senl s farasd o gl boddjlad
Sy o e Olgeay ot 11 sl (1580 1 baedd A3
OIS iass cnl S e Jas pashe 5 bt s S o
53 ek SleSIas Sl A | sl oo L ronan
(Turakainen et al., 2006) Wlesls o 0lS (5 ,m b
oo & Logel IS Oliime ple bul) mes o
Il s s sl i ) Sl et S Wl e
Skrypnik et al., 2022; Puccinelli et ) s5 3 lad Joo i
.(al., 2017

Sde LAl o se e otk 518 Sl S5 4 50
1D oyl g 4y A3 S i ok O
Yool oS s o 8T abden QS s b S
+ s s Df\() sl (S s S s 6;7,&.;
Yo ildsbe 55 Sb s S o p SAS Y 500
G S s S 53 p SAS Y s 8 4 SIS e S
Ly Ol @hoys Vo /00 5 VAT W/FF VAT VA sl
Cilisen (slales Jlesl ¢ Jlie 3 (Y Jsd) odils ol jon 4
Sl S I e Sl S 2
= 0 L (S eSSk, olas
el ol Sl SR e iy Sl e OLLE Lol
10 abd ke Glaslas L3 sls e bl Sl O
3 S s s (‘ﬁfkﬁs Vool e r;
S s rﬁ}k_\SY‘ 28+ S rﬁ\’“ b sls
4 SV Gl 53 s (Y Jsds) ds ol S s
Lo53 YA Olpe w3153, Sl as sl s Sl 5k
2l el aals b aslie s
GSsn Sl sl B S 03 Sl e s oLl
O3y ol 2als olS L3 S W5 oS o 5
OGS Sl b mead oS s By e S 0
55 01 A 5l i G ae oS Gl B s sla IS
Hernandez-Castro ) s 5 oo Coans sl Coly plde o,
SlaoiiS mazms OLS dix 3l s oS (et al., 2015
e s Lol (1o oo S 55 o0 g Dl 25
RS ke YIPO 55h e 0Ll O sl Lls, oS Sl
aS Lo 5 M 45 el 0505 pllel O 035 2 SHAS
ol Al 5,5 10 slse gl S35l Olaasie S s
S ol o s s e Ol gl s S
oeels e LSES 5 el S 5 bagel L il o OF el
05 g s g 0L Gl 0w el G A A
odil| Cu o 4 IS a2 N;T b g Ol x5 oblS
pamisel 4 SUS 535 Sy s el b Aol 55 o 1

55 33,8 ael gladead W5 s 3515 Ll e 5 ol


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

VR Jlu 08 o)led A Wi alS 5 5,18 5 a3 YEY

g;'\,_ﬁjgr.:..ao.).'ﬁ:|J..«S_5eﬁ:).iwﬁﬁw%hJW|M&M&})}W;§"U—Y’J}&

odé sluss oke 3 Shas

(LS ,3) (OIS 53 ¢ 5 5kS) el

AIYYd \/Yd (Lals) J z8

a/0¥c \/¥fc e 53 0 510 3l sk

a/rsc \/¥ac S 3 0 S 2 sl

a/5Ve \/$\b Sl s 5l 3 0SS T 508

Y+/AM\b \Vea Sl 3 kS s 0SS Y 55 4 Sl 3 0 S0 L s
VV/54a \/VAa St s 5l 53 p SAS Y 5 5+ s s 0 S ¥ 3L e

el oSSl Oga3l w\.«‘ﬁ'/.acEMJéjb‘;'M S\ 54 pie odkasslil S 2de DBy St a s

T e R NP C R P WO W P
Sl 5 e 3 s sl BB 56 0T S5 8L
O CS 5 oS 35 P9 et ol L0 s
oskieas by slglin Ol8 e plply LSSl J e
O 53 Dl pad SRl ol L s (S3leé
ChS 5 eSS s ol 5o s s o Ses il
e ke b e ek (s e
308 Soge a5 S s esle ol bos Lpd 3L o
ko ol sl g OLLE 0 eslind ( Sb
Slp bl e (S s GHde o 4 i
308 G0 ole 4l e b e S5l 8
S0 L amlie 53 e cole (Sb 3l ol
CeiS 5 eSS Bl Cyr daol S a S

Y| EGINEE S IV UV

;S';b)"";j riud:"
Lfi";ﬂ C}J& onﬂb 4.1.,\:5 &u':i}d JSJA )1 A.Lﬁ.:ﬁui.l.:
oyl L le; sl e b slacsb ol Sl

R Jos 4 A YYEYY

5 oS 38 es (Rl g p il 5 )8l a5 OLL
Poggi et al., ) i 3 r,,;u Solw s 5 &S
Sindelarova ) IS5 ,; +\s «(Chenetal., 2002) i ,; (2000
SN a5 (Schiavon et al., 2016) ax 5 «(et al., 2015
< s «(Zhu et al., 2017) |, (Zhu et al., 2016)
Mezeyova et ) Ol , «(Hernandez-Castro et al., 2015)
Puccinelli et al., ) s &l pams 51 (gl 5 (al., 2016

ol 0l ealaul J:" (2017

& S domsi
s bl sl Jel CLJ by Ol Ol g e gaome 3
R S ek 38 Gy s A o
ChS 5 CaS 35 S 0 paibes 3l el Gl g 3
sl 5 s S o8 S sl Ol e
Cod ) G5 amiaw CudS 5 CueS el Sl
bt Gl o o0 i 3 s 3 i
2 oS T 5 S U 2 5 10) i Coth 3L o
35 o 3 edalie (gls pre ol Cillet] (LS
Coher Sbdowe o ool 250 Sla el ST L il
Sbt s s 5o e St p SUS Y 58 5

38 S ol a5 OLLL LI 3 g g (ol e Bl

Gl:.o


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

TI s pathe e 5 i SaiS 5 LS5 (2L O)Kan 5 (53 paie

5 S Sl psike 3 OTA9) daml il 5 Losdame (ot b o pl ol dome (sl e sl (S
(EL OblS i ale 420 (Solanum tuberosum L.) s o ok 3 Sl 2 o P ek Lalo) (i S
04-Ve Y

alzs (Medicago sativa L.) axis 55 ek Sl 5 als 555 5 psades 555 il sl 3 (VYY) (ola dmor
B (:}:,.Lﬂ js‘ ;5’!))\ (\\""\\/) r‘ﬁ)‘) ngu\.:.:) E) QLAJ; ‘U‘;}CJé ‘U‘?m}ﬂ\ db Lf‘ﬁ"z grb.@; 4(5)&.2# tijj\v\.& c(_gb‘)\:
ﬂjﬂﬂwdft)f}”"f CMLSLSLACJU BE \Jlsgdbudu%fj O}j))d.'o‘b bﬁw L;\J;—‘_g.)fiw

AVNNYY XF  alS (o)) o 15557

Brown, K. M, & Arthur, J. R. (2001). Selenium, selenoproteins and human health: A review. Public Health Nutrition,
4, 593-9.

Cao, Y., Weaver, Z., Reddy, J. A., & Sordillo, L. M. (2002). Selenium deficiency alters the formation of eicosanoids
and signal transduction in rat lymphocytes. Prostaglandins other Lipid Mediators, 70, 131-143.

Cartes, P., Gianfreda, L., & Mora, M. L. (2005). Uptake of selenium and its antioxidant activity in ryegrass when
applied as selenate and selenium forms. Plant and Soil, 276, 359-367.

Cataldo, D. A., Haroon, M., Schrader, L. E., & Youngs, V. L. (1975). Rapid colorimetric determination of nitrate in
plant tissues by nitration of salicylic acid. Communications in Soil Science and Plant Analysis, 6(1), 71-80.

Chen, L., Yang, F., Xu, J., Hu, Y., Hu, Q., Zhang, Y., & Pan, G. (2002). Determination of selenium concentration of
rice in China and effect of fertilization of selenite and selenate on selenium content of rice. Journal of Agricultural
and Food Chemistry, 50, 5128-5130.

Chen, N., Zhao, C., & Zhang, T. (2021). Selenium transformation and selenium-rich foods. Food Biosci, 40, 100875.

Djanaguiraman, M., Prasad, P. V. V., & Seppanen, M. (2010). Selenium protects sorghum leaves from oxidative
damage under high temperature stress by enhancing antioxidant defense system. Plant Physiology and
Biochemistry, 48, 999-1007.

Grieve, C, & Grattan, S. (1983). Rapid assay for determination of water soluble quaternary ammonium compounds.
Plant and Soil, 70, 303-307.

Hartikainen, H., Xue, T., & Piironen, V. (2000). Selenium as an antioxidant and prooxidant in ryegrass. Plant and Soil,
225, 193-200.

Hernandez-Castro, E., Trejo-Tellez, L., Gomez-Merino, F., Rodriguez-Mendoza, M., Sanchez-Garcia, P., &
Robledo-Paz, A. (2015). Bioaccumulation of iron, selenium, nitrate, and proteins in chard shoots. Journal of Soil
Science and Plant Nutrition, 15, 694-710.

Juzl, N., Hlusek, J., Elzner, P., & Losak, T. (2007). The effect of graded doses of selenium in the soil on yield-forming
parameters and Se content in potatoes. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis LV,
1, 71-80.

Khanal, D. R, & Knight Dacvin, A. P. (2010). Selenium: Its role in livestock health and productivity. Journal of
Agricultural and Environment, 11, 101-6.

Kobhrle, J., Jakob, F., Contempre, B., & Dumont, J. E. (2005). Selenium, the thyroide, and the endocrine system.
Endocrine Reviews, 26(7), 944-84.

Lin, L., Weihui, Z., Huaxin, D., Fangbin, C., Zhang, G., & Wu, F. (2012). Selenium reduces cadmium uptake and
mitigates cadmium toxicity in rice. Journal of Soil Science and Plant Nutrition, 10, 162-167.

Lui, Q., Weber, E., Currie, V., & Yada, R. (2003). Physicochemical properties of potato starch during growth.
Carbohydrate Polymers, 51, 213-221.

Lyons, G., Ortiz-Monasterio, |., Stangoulis, J., & Graham, R. (2005). Selenium concentration in wheat grain: Is there
sufficient genotypic variation to use in breeding? Plant and Soil, 269, 269-380.

Lyons, G., Stangoulis, J., & Graham, R. (2003). Highselenium wheat: biofortification for better health. Nutrition
Research Reviews, 16, 45-60.

Mahaveer, B. M, and Jaldappa, S. (2000). Spectrophotometric determination of selenium (IV) using methdilazine
hydrochloride. Turkish Journal of Chemistry, 24, 287-290.

Kieliszek, M., Bano, I., & Zare, H. (2022). A comprehensive review on selenium and its effects on human health and
distribution in Middle Eastern countries. Biological Trace Element Research, 200, 971-987.

Mezeyova, I., Hegedusova, A., Andrejiova, A., Hegedus, O., & Golian, M. (2016). Phytomass and content of essential
oils in Ocimum basilicum after foliar treatment with selenium. Journal of International Scientific Publications,
4,19-27.


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

VEOF Jle 08 o led Y W alS 5 S, 5wl YYY

Mustacich, D, & Powis, G. (2000). Thioredoxin reductase. Biochemical Journa,l 346, 1-8.

Nazemi, L., Nazmara, Sh., Eshraghyan, M. R., Younesian, M., Sereshti, H., Moameni, A., Shahtaheri, J., & Nasseri, S.
(2010). Selenium concentration in soil of Iran. 19" World congress of soil science, soil solutions for a changing
world, Brisbane, Australia.

Nuttall, K. L. (2006). Evaluation selenium poisoning. Annals of Clinical and Labratory Scieencee, 36, 409-520.

Patrick, L. (2004). Selenium biochemistry and cancer: A review of literature. Alternative Medicine Review, 9, 238-58.

Poggi, V., Arcioni, A., Filippini, P., & Pifferi, P. G. (2000). Foliar application of selenite and selenate to potato
(Solanum tuberosum): Effect of a ligand agent on selenium content of tubers. Journal of Agricultural and Food
Chemistry, 48, 4749-4751.

Poggi, V., Arcioni, A., Filippini, P., & Pifferi, P. G. (2000). Foliar application of selenite and selenate to potato
(Solanum tuberosum): Effect of a ligand agent on selenium content of tubers. Journal of Agricultural and Food
Chemistry, 48, 4749-4751.

Puccinelli, M., Malorgio, F., & Pezzarossa, B. (2017). Selenium enrichment of horticultural crops. Molecules, 22, 1-22.

Rayman, M. P. (2000). The importance of Selenium to human health. Lancet, 356, 233-41.

Schiavon, M, & Pilon-Smits, E. A. H. (2017). Selenium biofortification and phytoremediation phytotechnologies.
Journal of Environmental Quality, 46, 10-21.

Schiavon, M., Berto, C., Malagoli, M., Trentin, A., Sambo, P., Dall’Acqua, S., & Pilon-Smits, E. A. H. (2016).
Selenium biofortification in radish enhances nutritional quality via accumulation of methyl-selenocysteine and
promotion of transcripts and metabolites related to glucosinolates, phenolics and amino acids. Frontiers in Plant
Science, 7, 1371.

Schiavon, M., Nardi, S., dalla Vecchia, F., & Ertani, A. (2020). Selenium biofortification in the 21% century: Status and
challenges for healthy human nutrition. Plant and Soil, 453, 245-270.

Sindelarova, K., Szakova, J., Tremlova, J., Mestek, O., Praus, L., Kana, A., Najmanova, J., & Tlustos, P. (2015). The
response of broccoli (Brassica oleracea convar. italica) varieties on foliar application of selenium: Uptake,
translocation, and speciation. Food Additives and Contaminants, 32, 2027-2038.

Skrypnik, L., Feduraev, P., Golovin, A., Maslennikov, P., Styran, T., Antipina, M., Riabova, A., & Katserov, D. (2022).
The integral boosting effect of selenium on the secondary metabolism of higher plants. Plants, 11, 3432.

Song, Y. R,, Jiang, X. G., Peng, S. F., Li, F. C,, Liu, J., & Chen, D. (2015). Effect of selenium content on the quality
and functional components of selenium-riched Camellia oleifera oil. Journal of Chinese Institute of Food Science
and Technology, 15, 142-149.

Tamas, M, & Mandoki, Z. (2010). The role of selenium content of wheat in the human nutrition. A literature review.
Acta Universal Sapientiae, Alimentaria, 3, 5-34.

Turakainen, M., Hartikainen, H., Ekholm, P., & Seppanen, M. M. (2006). Distribution of selenium in different
biochemical fractions and raw darkening degree of potato (Solanum tuberosum L.) tubers supplemented with
selenate. Journal of Agricultural and Food Chemistry, 54, 8617-8622.

Turakainen, M., Hartikainen, H., & Seppanen, M. M. (2004). Effects of selenium treatments on potato (Solanum
tuberosum L.) growth and concentrations of soluble sugars and starch. Journal of Agricultural and Food Chemistry,
52, 5378-5382.

Yadav, S. K., Singh, L., Singh, D., & Han, S. D. (2005). Selenium status in soil of northern districts of India. Journal of
Environmenal Management, 75, 129-32.

Zhu, S., Liang, Y., Gao, D., An, X., & Kong, F. (2017). Spraying foliar selenium fertilizer on quality of table grape
(Vitis vinifera L.) from different source varieties. Scientia Horticulturae, 218, 87-94.

Zhu, Z., Chen, Y., Zhang, X., & Li, M. (2016). Effect of foliar treatment of sodium selenate on postharvest decay and
quality of tomato fruits. Scientia Horticulturae, 198, 304-310.


https://jispp.iut.ac.ir/article-1-1933-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-22 ]

VYO s b e 5 i SakS 5 LS5 (2L O)Kan 5 (53 paie

Evaluation of growth and quality of potatoes and selenium enrichment in it
under selenite sodium application conditions

Kobra Maghsoudi!, Elham Ashrafi Dehkordi? and Seyed Mohammad Mazloomi?*

! Graduate University of Advanced Technology, Kerman, and Researcher, Nutrition Research Center,
Department of Food Hygiene and Quality Control, School of Nutrition and Food Sciences, Shiraz University
of Medical Sciences, Shiraz, Iran
2 Nutrition Research Center, Department of Food Hygiene and Quality Control, School of Nutrition and
Food Sciences, Shiraz University of Medical Sciences, Shiraz, Iran

(Received: 2023/06/28, Accepted: 2023/10/02)

Abstract

Enriching potatoes with selenium is important considering the role that this plant has in the agricultural economy,
feeding people and then improving the health of society. A greenhouse investigation was performed to examine the
influence of selenium applied on the quality and quantity of potatoes at the Nutrition Research Center, Department of
Food Hygiene and Quality Control, Shiraz University of Medical Sciences during 2021 using a randomized complete
block design with four replications. Experimental treatments included control, foliar application of 15 gr/ha sodium
selenite, foliar application of 30 gr/ha sodium selenite, soil applied of 3 kg/ha sodium selenite, foliar application of 15
gr/ha sodium selenite + soil applied of 3 kg/ha sodium selenite, as well as foliar application of 30 gr/ha sodium selenite
+ soil applied of 3 kg/ha sodium selenite. The results showed that foliar application of different concentrations and soil
application of 3 kg/ha sodium selenite enhanced the selenium concentrations of potatoes; however, the most positive
effects of sodium selenite were when selenium foliar application was applied with its soil application. It was found that
the isoleysine amino acid content was not affected by sodium selenite applied; in contrast, foliar application and soil
application of sodium selenite increased the concentration of glycine amino acid. The amount of soluble sugar and
starch in potato tubers compared to the control increased under treatment with sodium selenite; however, the positive
effects of foliar application of sodium selenite were high when applied to the soil. Sodium selenite reduced the nitrate
content in potato tubers compared to the non-use of sodium selenite; in contrast, sodium selenite applied increased the
nitrate-reductase enzyme activity, and the positive effects of foliar application of sodium selenite were high when
applied with its soil applied. As well as the application of sodium selenite, which enhanced the potato tuber yield, the
number of tubers improved compared to the non-use of this treatment. In conclusion, the soil application and foliar
application of sodium selenite have a positive effect on the quantity and quality of potatoes as well as enrichment of
selenium in potatoes; however, the positive effects of foliar application of sodium selenite were high when applied with
its soil applied.

Keywords: Glycine, Isoleysine, Nitrate-reductase enzyme activity, Tuber yield, Enrichment

Corresponding author, Email: smmazloomi@gmail.com


https://jispp.iut.ac.ir/article-1-1933-fa.html
http://www.tcpdf.org

