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ABSTRACT

The effect of UV-C irradiation, either alone or in combination with other treatments, on the biosynthesis of secondary
compounds in plants has been recently become a matter of interest. In this study, the influence of UV-C light on some
phytochemical traits and activity of enzymes involved in phenolic metabolism in grape was investigated. At first, the
berries of table grape cv. Sultana were subjected to UV-C irradiation in different doses of 0 (control), 0.8, 1.2, and 4.2
kJm™, then they were kept at 15°C for 6 days. UV-C low doses induced total phenol in the berry skin. The lowest
flavonoid content was observed in berries subjected to the highest dose of UV-C (4.2 kJm) on the first day, whereas
those irradiated by the low dose of UV-C (0.8 kJm™) had the most flavonoid content after 5 days (0.45 mg Rutin/g
FW). Also, UV-C application improved antioxidant capacity of treated samples in comparison with control. It should
be noted that UV-C irradiation had no effect on total tannin content of the berry skin. However, the effect of UV-C
radiation on phenylalanine amonialyase (PAL) activity was remarkable during storage. The UV-C restricted the POD
activity up to the middle of storage. However, in terms of polyphenol oxidase (PPO), this behavior was dosage-
dependent. The results showed that UV-C application at the low doses is an appropriate way to increase phenolic
content and antioxidant capacity of table grapes cv. Sultana during limited storage time.

Keywords: Enzyme activity, irradiation, phenolic compound, Vitis vinifera.

* Corresponding author E-mail: mgholami@basu.ac.ir



2008; Pezzuto, 2008; Crozier et al., 2009; de
kol glgil 65 o (Pascual-Teresa et al., 2010
5 gkl (ol slosgl Jols L5 Sl 5
loyogise dosiggde dayiliwgil) laassisdl
Portu et ) il oo (bepaubawsils,n 5 Jo-Y-lgdle
595l (b olge liae o Ll 5590 LY 4 (@l 2016
33 ok (rrendy 1l 039y Az g5 390 b taghy )
5 g oS sl die oy, 3l glale
a8 Coal aid)S 18 sy 9590 LS5 ol Jade
50035 b 5 005 oS om0 05 & g o0 alez ()]
Goetz et al., ) 5,5 o,lil b b jiwgs » sl i
.(1999; Song et al., 2015
oSl ot bogse Jsbo 31 nes slige UV g9
JEsl ) Grogllb $e0) (Sye 558 9 Goglli Ve 0) (s,
Algs oo UV b (Bintsis et al., 2000) ol 00,5
(WHO, 2014) 35,5 4eeis C 3 B A axb ¥ o
o3l SV game b3y a5 Sl ools las b g
O S plgieds (Reglh Ve o -YA-) UV-C 5 L
3 eSS Wl oo el sldals o 0nij e
S5 1) (AL Edh e olenden slagiS]s
Lo sls gl sboddpbe ol Jlisa o5 ws
2 Ol 5l Nghoe sy (9 5eas collad
b s e o boges CoiS Lai> o 5 5aile 2ol
SWl 5 oge (Soew; 9 Gm ML @
LSl 5 bg,B nlp 5o b (s Slapiuw
53 aBlios Sebe Jleas SIS cnl 5l Wl
DS LRI SRR S P JWECE
095 dgaze sly (63,8l; Wi oo lappnSdlgis
Sae o b Sz s obesd olge 5l colil
3o Geizon Bl By Sl e (s eSS
Sl 5 S5 4 e Wlgi oo (2 slap il
S5 5 eSSl oS oo S ey Jb
Sl 1 UV-C L ooadles O¥game olié
&b «Ribeiro & Alvarenga, 2012) aas o
oelis Glaoas ;o UV-C ol ety ol l58
adl o ol 5 U5 J Rl 4 e
Gonzélez-Aguilar et al., 2001; Gonzélez-)
sle o lacel L «(Aguilar et al, 2007

o0
Sl 0929 lalS o Lé bS5l gob; e
sk a8 aiies lasil glacdplie BloS 5 oyl
0dijmé g oad) Jeloe i j0 ol laa> 0 ouese
Gasilgp Jetd (6 5mge e 50 Ll il s
ag osdige LT GVl L eslagtyy 5l oS
Seabins @ VT etd o imy o b jiiwge
(Portu et al., 2016) &S oo LI 1, ol

Sl sl oo (Jodo iz 4 (LS L Sl
olls ] aSopl sl aiin vge olS oo g ol
S g Sy sl Jelse plp e )
s olaS 5 onl 5l o aly 4o oS e cliblne
oz o] 5 a5 wigh e 0y i Jleel loj o
oy ssba 4 35 o)lal beSUlsd @ Gl s
alox 5l w9 Wyl a5 8 el lap il jo 0
ol Sl ol LSBT 5 ligylen Jolse
Solbwe a5l pgo (Cantos et al., 2003) wigds oo
5 S sbShs Jige bodalie ol
b @l onibos LS SYgams Sidsils)|
Flgl Ky Jssee sboailaSs, a5 Tlailowsu]
Harborne ) awics S 5 g b S deoges 3l ol
i TadsHY-ol 5 (& Williams, 2000
35l s sl (o5 5 (FL o &S wie ola B8 L
(Haslam et al., 1988; Noble, 1994) w5 ls i
Slp 6o, paxia cle olS s ool S epl pow
u;.’.ﬁ)“) 0‘5.45 ‘U;:L.\.c L;Lmu_,os)s\ Jim CEIIPE SV 3‘5.&
1 (Zhao et al., 2005) aiil oo oomoprb 4
Gl SLaS 5 ol oialaSToly coled Llsay syl
Golbmn o imghy il oo wie lusl o
o Jd L 5l g8 DY gams Byae aS Wlosls lis
Syls gl ply 0 exloil cldld sogus
2l s sl Glon Wl aie SIST Grizen
Leifert & Abeywardena, ) cewl ool (o155 o5 lows

1. Phytoalexin
2. Anthocyanin
3. Flavan-3-ol



f04 VWAA Ll oY 5l B+ 5,50 ol pl SLEL psle

St S g% el oald (5155 9SG el
S s, SR Slee )5r0 |y dne) (nl 5
15 i ke sl Fas Ll slasen UV i
g el plmil Jl )0 g e S 4y 05 WY gams
Syl 1 il o500 (5 (g S Az b ol gl
A Qb)) pgbieas yol> Gilesl wgyenl 5108
Ol 2 Fhe Dad e 5 UV-C o5y
& r b g calaSlal cudib g (8 BlS s
S8 LS 5 il 0 a5 (ctaluSToly (slagy 3
Sl B9, g Wl B (2l lassle
ailag o) 555l oo 10 (6,15 39, F Do b

by 9y 9 dlgo
LS olge
o8, (Vitis vinifera) ol oo, (slaades
@ alnly ;Mo oS5l ladsy oS! 5l duaw alos
Obwl ormbale g plas Slides S
9 \cAo fA' ‘%/f" E @L.S‘J.:.} Mj,c LJ ulm
A bl dle & s 5 YEe 10" FAY'N
0‘5.45 u‘).».& ua.>Lw u,ul.w‘).’ 9 99) Twe O gl;..f;‘o)g
Wl el WS p axye YeEY Jolxe aul>
pole olKivle;] & Ce s cabiils y slaades
Joe b ooy oKiils (55,9liS ousCasls Slely
wsla) 9 O‘;G».:Lw a0 ¥ ‘_gLoé 3O e 9 IR
39y 0 Al SUS g, S Goeds dwoyd A
s S ok o 5 ags F+ 50> s e
G0 sl ol s jelaiedy wojlailSS Lo,
Dy F bl ki glacsads

UV-C cuild g 31 w ylows
(2015) Li et al. o, solle maold o2 les
Bl el & (SEUI jshate ol 4 al ploxl
SBUT ol 4N gbods .00 )5 oolaswl 0 00l ags
gl YOF) &lg Yo UV-C Y ¥ 4 jeone
o alsions (Y Caand 5 45 351 (lall (gl

f°9""“"’3j—‘t.}495 La Sab! u—" ‘_ngo)‘%o O 0d

Jié wilwgis] «(Gonzalez-Aguilar et al., 2004)
Erkanetal, ) 3oy 0 casluSlel oud,b 4
(Wang et al., 2009) s sl ;o lasgeMs 4 (2008
UV-C 0,5 cenl ool lis ol Sldllas Las0 8
oRIPl ez ge Faad (oS L g el slaad s
S g b Sl S ysSol sl (550
0alds (g, il oy (5,842 65 g cigluSTol
Liu et al., 2009; Jagadeesh et al., 2011; ) <ol
Liu et al., 2012; Ribeiro & Alvarenga, 2012;
Codd 6w 40 o (pl L (Bravo et al., 2012
SZFHE et 5SS ke UV-C s 53
i S Slitie CBIE 4 (5 5 il iRlS
! aJl (Higashio et al., 2004) ois sasliw
G 58l 3l G UV a5l G 20 51 40
D'hallewin et al., 2000; Rodov et al., ) coul oo
(1992
5 o » UV-C il les L ol Sangs
Sy 18y 903l el s bagdinl (e Sl pss
Voo B sles 1o o)l 5o, 7 oae (b Iy wolS
Aoy wols I3 pwyn 95 Sl F Sl Az
2 NS Joe gles 5 UV-C oglite (slalocs
Guerrero et ) wo,S aol 1) GluS 5 cpl peed gl
UV-C Ll jil 50,500 sl iegh ,o @l 2015
55 5 ehleSol clled (S il (S 8
6395036 555 Cawgy (Gl 5 kil (sli2]
slos g 35 ile a0 F sles o a8 ‘OglS )
e 90 W09 0ad (6 g, O Dkedy Larme
2o UV Gl sl las ob sonlie § cd,5 18
Sae b 1 B Gl aoglate g Ll Lyl
RECR IRPRVIPIN S IRC (PP PPN RSP RS ¢
Jls .(Crupi et al., 2013; Crupi et al., 2014)
Gl byl 4 Bl o BaS S yan
Baiano & Terracone, ) <ol olidl & 4, ailaws
SIS sl mas dusse i w525 ol L (2011
o b SlS 5l (S8 e Glye Bl 0l s,
bl wiile o cmlaSol cuwols sl
L bl o a5 Solate mls (nizres Lalazd S5
Y game 45 Ll Lyl s g UV-C cenlie glacas



Aedlea VB 5 ojlae e /Y sl ST,
VY dado A cldS 5l e a5 g pded Byre
IRVPEITE EN EPVRR VSR PRIt 3 od e
a8 A Sy ()6 50 Jole cnl e
5 S35 IR Sed g, ol stle 4z Ve les
YEO o jagidg pSewl olws b o] Gds s
e and sl S apl s el i el
o IS 8 lade 5 w0 5 colatul o laili!
Wb ole 5 09 )5 p el S o5 s

ohgy 5 eolail b badiged  JS adgigdl
Fogidy il oiws 1 eolatul L XS,
85 18 2bi)l 99 (el byly Ve 6 )S)
o)lae d e Vo lal (Yoo et al, 2008)
doyd O el e /Y 4 0058,
b /F @adBs O b3S Gl e ol 0038l
Vs ais £ 5 b eogil woys Ve sl IS
Wged ol ol a8lal o alS s 0l ] e
Fasls D1+ ye Jsb 3 asidy el olfius |
o llinl govin ans slp g, 5l eSS SIS
ool 5 diged JS aSeigdd lie o ol oola!
S Ol w8 Bl 5 G3s e S OeSey £ ke
s s sy ) ool L latigas Jslous
A= ey (Taira et al.,, 1997) ui (5,505l
Sl e VYO @ ouls 3.8, o )lae g S VYO
YO 4z 8o ¥ 5l s ol 00938l Jloy V (pudg8 O yre
ad WL Jylome & gLt mramcle,S s S
sbo 5 SU j0 asde £o Doeay STy Jeloe
o 9S85 LB Sl gy, 9IS Gl 4z s Ve
Fasls VYO yo Jsb 3 asidy e olfius |
S ailiwl g 3l eolaiul b b jlade ol <ol 3
Ok 5 0 S 2 Sl el p S e o
IRV 4

i a0l Cadlad ixiow
bl DPPH ol5T sla JlGol, [l cod s

y9a5 30 Yg0g,Se £+ DPPH Jolo ) Ol piss

1. 2,2"-diphenyl-1-picrylhydrazyl

9 O odedey )i file 428 35 ped Sbml jslateas
YO ol jsbay ol b diged (5518 oo alols
Dol g pSojlail gl ol as 3l o e sl
Lol eolaiwl (WSgum « piK0) yiegsol, oiws 5l il
9 (A8 Y0 5 Ve (V) b ploj e po s
N aals) ¢ glcad p) Jge,d 5l eolatwl b
5 deolne (I M) @yayie  Ja5okS FIY 5 VY
Gl oyme y0 > o 90 8 005 Jleel
3 bas ol plwl Gl e 285 13 a3
axz o g a8 S 18 bElse Gebl slean.s
a0 V0 loo ;o bdiny uew 0l (gadiug
P ey A B eilasb, g ol S le
Sl paiged dad 5 lS Gy, £ o Ssed (SO,U

W3S (o0 Dyge dilig; O )ygod
UV-C light dose (J/m?) =
Average light Intensity (W/m?xExposure time (s)

diges g 3Lwoslol

5 ol Solas jebas |15 0 5l a> Yo 34, 5o
Lo osle U3 lacassy ab laz caws b Ll cosy
2O L 0D H5ed g 0dwgS (2954 mbe (39,0
25 a8,F 18 e SasS (Sl gleans
slogialojl plril gl olF (il az )0 -Ae 58
IRV AP RVE cppXes

Jolomo (5l 9 J5 adgigdld ( J5 b (sarmins
Pl 5 wige pySsko Yoo gliil shain
T s & i Sl gl (Jgilie) gl 5o
Al Sl (VIV) 30,0 YV L ol e ((VIV) YYD
Bl Cavoty Ken bglse b ol oossS JLwdS
50 Sl 5 adds Ve Sukdy bl pl e
S 59, (L5 le az e Vo L) bl sles
29Ul Ceond g oud Gondy yiile e g S35 13
B JS gl S5 b eolie s Seiul sy
28,5 18 oolaiul 0y90 cioluSTol codled 4 IS
3 oolazul b bas cusy IS 8 (Lietal., 2015)
SIS g =5 Bpno ) oolitl b iS5, s,
Jsloe (Slinkard & Singleton, 1977) o sousuiw



51 VWAA Ll oY 5l B+ 5,50 ol pl SLEL psle

Wged 035 p5 S )0 Sszge sleoar.Shl jlade
30 3950 lroainSol cbale jlade wlwl 5 as
4 Y ool (Vs ST Jses,Son sl 2Ulgs a5 igas
Benzie & ) ws 5 Lo syls 5 59 0,5 21, ¥ ool
YEVO g o,lac yidy, o YO Lol (Strain, 1996
aads Vo cbdS 5l e FRAP Giee Jg S
oo b ool )F ol ax o YV slos jo (5,10
il SOl gl BT zoe Job jo yiegidy Sl
Ve TPTZ Jolo Jolis FRAP Gy Jolo (sly!
FeCl3(6H20) «(,Ygo o T+ HCl ,0) Voo Loo
Mpake Too Sl 5 Vel T

Sg Vi) e S 4 o S (PH=YTP)

alS g 25l 3L 5l eoliiul b laaiges (g o las
8 el ol F il axye F o gles o ol
Y L aiges a5 +/F ke (Galli et al., 2009)
B Slid B i) gl B s
o) Vs Sl oy (BN PH) [ Yse Lo
N PVP 5 Vg Lo 8 JsiblgnlS po VIV ooy
Al 5euds Ol e 9 (S0 las (WIV) as
il oyl Cdld omis pslaedy pslid ioy
20,5 (6,4 K ol )5 il ax 0 VA sles jo g
Zhuet g, 5l PAL a3l cdled iomiw lp
Jsle ags jshiiedy a3 oolinsl (2016) al.
Sl ¥ o4 o3l ojlae Vgog S V- STy
osadlol b 2iSTy o 039380 Ve +/Y &g il
ST MsasSoo Yo o¥dib gl 2l )
lod yo ilocy plax jo aa 3o Yo 5l s S
Bee ogy8l L STy ol sile ax s VY
Bigie Vge £ SGu0l5 5,0 Sl 5 Se
oiws I el b Jolowe  pd> Slpass
b gy o5 TR g Job jo stagidy S
obsy 3l PPO ozl colled tonins jslated,
A% oolaw! (2015) Christopoulos & Tsantili
YL sl ol isSes Foe asdls jsbay
5 Lslse (BY PH) Vgo +/+0 olind 3l 2] Lo
S 03933 Voo of+0 JoSSU 2y e B0 e

<5 L5 byl oy aiged glaonilshl
olac s S YO Llado .(Bertelli et al., 2015)
DPPH Jsilie Jslme yids,Sew YATO a5 o 3.3,
3 SOl e STy el jelateds 9wl 03938l
Slom S IS oS Bl az e Ve gles
D10 zoe Jobo 5 Jslone i cids ¥o cubis
e U1 5l anls Jslomo 5 (sl A5 2,5 ol
20,8 oolawl DPPH  Joloxe )0 o)lac sloay
25 Jge 5l edliial by aiged (Suijlojly byl
20 Gl doyd Djgody g Al
Inhibitory Capacity (%) =
) [(Acontrol — Asampte )/ Acontrol]*loyo

15 ol 5 DPPH Jslons i ~Agontrol 5] 5 45
oylac 9 DPPH Jgle il ~Agmple 9 yio (b
SOl e 4k B0 Ve Do 3l o

2 3 ABTS olil sl iSsl, ke cod b
b lSIol jpa 50 Jolre SO, Sl pss bl
(Szymanowska et al., 2015) o.& 5 uSojlail olej
slome 55,5 liea b ABTS™ Sl Jglone Iz
ol Yse o Y/FO 5 Ysele YV ABTS
mld S Doedy 5 dngd (gl o 4 Slilgas
ol F gl ax o Vo sles jo 5 SOU 0 5,
55, 6 ¥ Ul L ABTS™ Jobue b (s agSs
1A 090>, pd> gl VYT zae Job o b o
YAD & oylac 5l e S VO s 090 31,3
e O Sl b esg3él ABTS™ Jsbe iy Seo
20,5 oolaiwl vall diges as sl ojlac sloas
Jye 8 5l eslizal L ol3T slaJIS0s], 55Lasty (2l
D dle

Inhibitory Capacity (%) =
[(Acontrol = Asample )/ Acontrol] 100

15 ol g ABTS sloe i ~Agniol 101 55 &5
ojlac 9 ABTS Jolro iz -Acample 5 yoo ol
B N ™
TS5y oy, baiged Sl slaJIol) g5LS
slabisl  gmie 5l eolital L 5 FRAP
Cypoty 5 dilize claclile s FeSO,(7H0)

1. Aluminum chloride, 2,2"-azino-bis-
(3-ethylbenzothiazoline-6-sulphonic acid)
2. Ferric reducing antioxidant potential



ol ol VIS 0 euosled g wald sladiges
51065 Sude Jsb 55 atigai ;5 JS 15 olyen 0

SRl 595 50 ol 5l m g 28l 2l 0 5, 6
30 0dd Lot sladigel der jo 8 ol woly lis
S99 (nl b ooy wald 5l i oINS Gae Job
Sl UV-C dilise slacas bl slajg, o
S50 Jy wssls plas IS 8 e 2 1) (Solie
om 5 CGIA K M) UV-C @ad e

D9 IS >l (ool o S5e sl jlens

Do € il Al ST illy a3 oo
5 IS wgidl (J5 S8 jlae Ll Blie 15 (o eSS

A oy 03, 46K A gy JS o5
Table 1. ANOVA for the effect of UV- C radiation,
storage time, and their interaction on total phenol,
total flavonoid and total tannin of berry skin of grape
cv. Bidaneh-Sefid

Mean Squares

Source of

o df  Total Total Total
Variation Phenol  Flavonoid  Tannin
Treatment 3 0527 0.00053" 0.0195™
Storage 5 0297 0.00046" 0.0421™
TreatmentxStorage 15 0.3 0.00016™ 0.0128™
Error 48 0.023 0.000013 0.0185
C.V. (%) - 1119 1542 17.86
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** ns: Significant at 1% of probability level, and non-significant,
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Figure 1. Effect of different doses of UV-C radiation on total phenol content of grape berries during storage.
Vertical bars represent standard error for mean of 3 replicates.
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Figure 2. Effect of different doses of UV-C radiation on total flavonoid content of grape berries during storage.
Vertical bars represent standard error for mean of 3 replicates.
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Table 2. ANOVA for the effect of storage time, UV radiation and their interaction on antioxidant activity of grape
berry skin through different methods of DPPH, ABTS, and FRAP

SOV df Mean Squares

DPPH ABTS FRAP
Treatment 3 1962.17 100.74™ 1.86"
Storage 5 77337 495.21" 1.25"
Treatment x Storage 15 67.39.79" 117.672™ 0.32"™
Error 48 21.94 81.67 0.483
CV (%) - 9.91 12.18 12.76

Dle ge BB 055 g asy3) 50 Jliol mhaw jo o Jxe S et
*, ** ns: Significant at 5% and 1% of probability levels, and Non-significant, respectively.
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Figure 3. Effect of different doses of UV-C radiation on antioxidant activity (DPPH method) of treated and non-
treated grape berry samples during storage. Values represent the mean + SE.
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Figure 4. Effect of different doses of UV-C radiation on antioxidant activity (ABTS method) of treated and non-
treated grape berry samples during storage. Values represent the mean + SE.

1. 2,2"-diphenyl-1-picrylhydrazyl
2. Aluminum chloride, 2, 2" - azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid)
3. Ferric reducing antioxidant potential
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Figure 5. Effect of different doses of UV-C radiation on antioxidant activity (FRAP method) of treated and non-
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Figure 6. Effect of different doses of UV-C radiation on PAL activity in control and UV-C treated grape berry skin
during storage. Vertical bars represent standard error for mean of 3 replicates.
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Figure 7. Effect of different doses of UV-C radiation on PPO activity in control and UV-C treated grape berry skin
during storage. Vertical bars represent standard error for mean of 3 replicates.
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Table 3. ANOVA for the effect of storage time, UV radiation and their interaction on PAL, PPO, and POD activity of
grape berry skin extracts

Mean Squares

Source of Variance df PAL PPO POD
Treatment 3 16836.77 104.39™ 2554.13"
Storage 5 12736.1" 140.83" 4229.63"
Treatment x Storage 15 1336 16.49"™ 6504.91"
Error 48 717.11 4.46 1491.08
CV (%) - 15.25 14.05 9.40

Sl ge WS 855 5 do )0V Lozl e )8 lo gine NS g
** ns: Significant at 1% of probability level, and non-significant, respectively.
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Figure 8. Effect of different doses of UV-C radiation on POD activity in control and UV-C treated grape berry skin
during storage. Vertical bars represent standard error for mean of 3 replicates.
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