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Characters
Treatments Mean + SD
ChB ChA
SCv1 (0.h) 41+1.24 40.96+2.01
SCv2 (1 h) 38.79+1.14 35.69+0.86
SCv3(2h) 37.04+0.70 33.6£1.26
SCv4 (9 h) 36.2+0.85 31.95+2.03
SCv5 (18 h) 36.82+2.45 30.69+1.18
SCv6 (18 h) 35.96+2.01 29.03+1.01
SCv7 (20 h) 32+1.06 27.5+1.23
SCv8 (0 h) 45+2.09 44.18+2.10
SCv9 (9h) 29.54+1.02 27.5+1.14
SCv10 (18 h) 27.98+1.04 24.44+0.09

Abbreviation: S=sample, Cv=Coronilla varia L.,
ChB= Chlorophyll before UV-C treatment (quanta)

ChA= Chlorophyll after UV-C treatment (quanta)
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5leslawl L (Camag UV Cabinet 254 & 366 nm)
o Chrogramatographic Map & UV Spectroscopy
Do 5l oslial a8 05,5 slosl (FA 5 YY) e ol
il s alwlis ols s a1, gl op g0 CAW
(SIS oy 59y 31 RE 5 abg 4 oLt
LS MRE Gl qlai o sLna I 5, Sojla|
Lo b SIS, 5 e B S5lg S 4
«(Perkin-Elmer Lambda 15 UV/Viz Spectrophotometer)

aoys Ae Jgile ;s FLUKA s MERCK 5l oa_ss ags)
Pl aw 5 (TLC) S3ls ay B1,55L wg,S (sl ,—
BAW sl P> ;5 Lapl Fgilag,S 0ms,5 solinul calisee
4 (3:0.4:6 Chlorophorm, Acetic acid, Water) CAW
L 5 Sis LaelS5log,S ol 58 it ool 41,3 Jliwg 3
6= RF polbe wiuls onilys gl Y82 zge Jsb ,0 UV
wsliiul 550 (slas bl b awslio U g el aSJ o
o ocd olulis laasedls 5l So e cdale 5 slolis
UV egls Y88 o Lapl S0, a5 Lea St slal olul

I l‘|

5 bl o Lo olue/ . Coronilla varia wels ;5 ,lag coxi (slo digai g loo,liilic] ol CAW Bl 0 TLC (slo pf,55ilog, 5 iglasi oY S

el bo L1 F g S
Abbreviations: Ru=Rutin, K= Kaempferol, Q=Quercetin, M= Myricetin, L=L uteolin, Rh=Rhamnetin, V=Vitexine,
N=Naringenin, Ch=Chrysin, I-Rh=Isorhamnetin, A=Apigenin.

sloylog i Coronillavaria jlels” 5, slo 4igei TLC) S0 4Y 5 2-DPC) (suies g0 (odSlS 6,55ilog 5 ;I ol slo 00l :F fya>
55 ol (gl e 5o 5 of G5 wals GlolST b duglio ,0 UV-C Cilize

Samples Flavonoid type Identification
()
g %) u—-g §O‘ g 58 c ©° c = c HE:)' c -
= 6o ©f [S) = = ol < = =
se33:o335 £ 8 2 % % T £ g £ § 3
g5 £2 %5828 5 & £ b & £ g =
285885353 & 8 §F 5 g = £ § g 3
S= 25§ EHozZz< O = > o 2 <
z g 3 2
= Z
code treatments
SCv1i GH control 5 3 2 - - + - + +++ A+ - -
SCv2 UV —UV'1h 5 3 2 - - + - + ++ 4+ + + o+
SCv3 UV —UV2h 4 2 2 - -+ - + + +H+ o+ o+ o
SCv4 UV —UV™1h 3 1 2 - -+ - + + o+ o+ - + o+ ++
SCv5s UV —»Uv*2h 6 4 2 - - 4+ - ++ + + o+ - + + +
SCvé Uv'=»uv'ith 2 1 1 - -+ - + o+ o+ - o
SCv7 Uv'-uUv2h 5 3 1 1 -+ - + =+ o+ - + + +
SCv8 F control 6 4 2 - - + © HH HH H + o+ + - .
SCv9 UV —UV*lh 5 3 2 - - + ++ - - - - - - ++ +++
SCv10 UV —-UV*2h 6 3 3 - - - + - - - - - - ++ +++

Abbraviations: S=sample, Cv=Coronilla varia, GH=glass house, F=field, h=hour, numbers=treatment numbers.
Scored characters: -0 (non flavonoid), + 1 (few flavonoid), ++ 2 (high concentration of flavonoid).
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Abbreviations: NTF= Number of total flavonoids, FSN=flavonoid sulphates number, FCN= flavone C-and C-/O-glucosides
number, AN=aglycones number, Ru=Rutin, K= Kaempferol, Q=Quercetin, M= Myricetin, L=Luteolin, Rh=Rhamnetin,
V=Vitexine, N=naringenin, Ch=chrysin, I-Rh=lsorhamnetin, A=Apigenin.

Scored characters for drowing 3-D column histogram in Excel based on Table 1 data: -0 (non flavonoid), + 1 (few flavonoid),

++ 2 (high concentration of flavonoid).

A

11 lg o) osled & al> ( Sing % — ole) b § Jobo dloxo



OLICoR 9 (5598 | yue

e U dnig GBS 9 Sl p UV-C oy §1 adline

ol a e (LS Sl srumgd glaclld 5 252
45 dad e (i g (ol @lis g csalia ) 5y
03l J18 b o 1) ignd (L )lS el LUV lag
goolo 1,8 b o |y wdy anT B Wl e Fiwgid ralS

20,5 ady yualS Caw
S plymie am 5 b Sgigdl ol Bigtd Ol ois
ol L g ablie gl ool (oo la STy g el
lallan 5 (A) Gl o0 a5l e sl i ol 4o
L plals 1 Lagias plo s UV 86 ai) 5 58 5konm
SlnS 5 awo 5l o Seidls .ol a8 5 & g0 9iS
1 itz Jlael (glls laoSilid axtn ool o i Ly
Sl g 9Sglgn ot pddlio (Rl il e lalS
5 bt a5l cosd wilgi oo (Sl LS 5
= 9 Loyl w352 osaline 25 Lyl 8
Sz b Wi gy b oagll Gl (5 S0 slaaseisdlé
g e W 5,5 15 clayiss sgmaS Lyl 5yl slales
Sl SlaS 5 s s UV oaiss Qi lansigidls lals
0Ll oyl Lo sl sl dSsSTy )0 caas j5b s |,
Giltbe oo b1, 055 JalS5 b 4o olalS |alls .aus
SBla pilSe 5o Jilam 50, IUV-B lagiy (26
il b slagin il leerSS) 5 6,88 (RS Jels
Sy ilosls el LaSeilign et 5 bodgighs wiile
oS OUglSess £95 (et (S0 o5 ik 5l 6598
o5 0 Al s oud Ll DNA connl o n Jstas o
A oo Hlas ¥ SE 5 ¥ Jgas aSils (Y4) wslb UV-B
UVl con plals S slaadgiodld g5 5 olaa jo pss
3 83 § elstiy) bzl 08 5 e eamliv wald 4 cus
sl wals GlelS o Lyl agzg pos 5 e cos (lals
Ol 052y pac s UV Jlas o (slas e (sladiged jo Jg,aelS
S92 pace g 9ald sladiged )3 (S 0929 dadiged plu j
coiialyg 0l ez o1 B> UV e co sladiges [0 o
las )0 Slodiged 13 (w35 g (s e ¢y ) eyl
SLadgigh g5 50 ysd sl gosims (L UV jleg o
i 45 Sl aalls U daslie jo lalS cpl j0 04290
Tevini oldlas ;o .008,5 sanlie SCVig (gaiges ;o Ol puss
sl $09t 5o Laoigidls (sbli> Jae (VF) () Sen
ol poiS slaallsr o oly job 4 jiwgis 4 UV-B ool
J=8 pl 5 Lo aShgenl a5 (5 eb ol onim; il

1P Sl ooled F Wl (g — oode) C8b g Joko dloxe

ol olalS o UV-C iU pgas s cilize clallas
55U 5 0055 LS lals den UV ol 3l a8 eo
S35 plals » UV-B b 5l o)k (Soslsm 2l
(VF) oL 5 Biggs (1Y) Singh el soi jo,5-5
(J3g 15 ralS 545 Sldllae o (V0) o, Ken g Krizek 4
I3 5 5 s S a8 s gage 5 S
L awlie o UV Lo cosw lS 01, (V8) basggdls
aias e Lt ) USE o ¥ s il iols lis S
cos plalS o Leaa )0 Sezge Ld9)lS jlade (5l
slae,ie g sl slasal s L awlie ;o UV-C jLas
laasges o jmals cpl g cusl a8l ials (SCV1, SCV8)
L3UV o, e o i olelw 45 SCv10 4 SCv7
(SCV1) (5,00 wals diges a5 > j0 04 Fogpuine Silazils
Aledg s ylaws s 45 (SCVB) slae 0 dall asges g
3 =89 15 Jlaie el aisg Lo 1) hdg IS jlade o i
s Teramura leazsl Ly gl ol 08 o 55,08 sl oS
15 oo szl gl ls ol s ols s a5 (V) e
5 D1 laiesg 5 bewdlg l5 0 UV (s alows & (lals
Cdyb alS an omie wlgie ¥ pegid 35 0 50 D2
S Fgid Sl 9ol LB 0gl wdy S p g (g g
UV-B (il )y aie) 50 &5 ol (Sojln b sloainl 2
() Teramura a5 oL .col oads asllas [l 0l 5
Fyore Ll 5) @3 ashes 555 b olyen |, UV-B (WL 2
Ols=e dmy riwgid o ol Sl )5 4 (0 las3l!
s9loles IS ek 4 UV-B 4 el lals 13 CO; Lil>
5 i ygs GV polie jod> o (> culple (FR) o5
Sl JledsS )3 a3 Wl Gy 2l 450 5 RS
Q)‘T Gao, VP alss 4 jpome oS elSis UV-B & ol
5 0005 Car ) Wladlas (F2) 0o 5 oamline uwgd (o g
@ e UV-C b a5 ols olis pusS (55, » (V1) 0,5
Ol b ool jles sladiges )3 0B g (229 Slyione RalS
ol S 4 ;e UV-C gy copsoman .l o0l 55 5y
slesd HLS )0 sl S 5 Judg IS slyime ;o (g)lo sme
Slalllas L (FV) ) Sen 5 Tevini .(V+) w5 UV L oo
5 03l 4Y Siltnd 5 (oyian UV-B 55, il b s
ols plol LS (g5, 5 (gltind SBLT 5 WIS o ] o35

Sate (Sl 59 5 39 oS Job ol ojlail o als



OLICoR 9 (5598 | yue

e U dnig GBS 9 Sl p UV-C oy §1 adline

L ol 093 ;0 09290 slaadsigdld £45 5 olawd ;o0 podd s
S id i ol (8U sl ply s alwgun
QS gls g ablie sl

L’:’Iﬂ))ﬁs :.'...

>_.M.b 5)A ‘A,_..?(A gz_:jl:.n 059> ‘;La u-)l.o} )l ulfw 5.:
QS oo Sloyad ety cwl bl jo ST olRasls

é._;Uw

1. Cddwell RR, Dave R, Steinhardt PJ.
Cosmological Imprint of an Energy Component with
General Equation of State. Phys. Rev. Lett. 1998;
80:1582-1585.

2. Stapleton AE. Ultraviolet radiation and plant:
buring questions. The Plant Cell. 1992; 4: 1353-
1358.

3. Searles PS, Flint SD, Cadwell MM. A meta-
analysis of plant field studies simulatingstratospheric

ozone depletion. Oecologia. 2001; 127: 1-10.

4. Day TA, Ruhland CT, Grobe CW, Xiong F.
Growth and reproduction of Antarctic vascular
plants in response to warming and UV radiation
reductions in the field. Oecologia. 1999; 119: 24-35.

5. Frohnnmeyer H, Staiger D. Ultraviolet-B
radiation-mediated responses in plants. Balancing
damage and protection. Plant physiology. 2003; 133
(4): 1420-8.

6. Casti P, Andreo CS. UV-B and UV-C induction
of NADP-malic enzyme in tissues of different
cultivars of Phaseolus vulgaris (Bean). Plant Cell
and Environment. 2001; 24: 627-630.

7. Teramura AH, Briggs WR. How plants respond
to a changing UV-B radiation environment in
regulation of plant growth and development by
light? American Society of Plant Physiology. 1996;
164-170.

8. Reddy AR, Chatanya KV, Vivekanandan M.
Drought induced responses of photosynthesis and
antioxidant metabolism in higher plants. Journal of
Plant Physiology. 2004; 161(11): 1189-1202.

9. Santhos |, Fidalgo F, Almedia JM, Salema R.
Biochemical and ultrastructural changes in leaves of
potato plants grown under supplementary UV-B
radiation. Plant Science. 2004; 167: 925-935.

10. Rahmatzade S, Khara J. [Effects of UV-C on
growth & some analyticad & physiological
parameters in symbiotic wheat plants with 3 species
of mycorhizal fungi]. Iranian Biology J. 2009; 21(1):
52-62. (Persian).

o\

e s ai sl coyunl e jo amie o Sgilg
olas (78) o)L 4 Britt 5 (YY) o)L 5 Li @l alllas
4 L Arabidopsis aSgigds adl slaylige 45 ol ool
sloaly> 10 ludedld hwg UV-B (s alewy 4 ool ol
Cadwell  ldlas rised (YA) Conl oo ools olis &)d
SlaS 5 amazs ans oo (i (LS o [, UV slag, 56
=55 Vb slogi p 4 olS el yo 55 UV O3l s
LQLQ}JJ.: )_ab.x L ‘) oL:f J._u‘y‘é_.o S Sl oo odalico ).,.1
Hlis (YY) 5915 e Dlalllas (Y 4 YA) aus” cdadle UV
Gl ol 5 sl Jdo 4 e llE Sy p a0l as ol
@ ooyl ladsbe laBissly )0 09250 slaasdsigdld asle
30 owill oo el S 4 S o 5 cull Sldlas (pl uizen
oy Jdo a4 Wilg o UV glagi yy 530 o loxy
] ool =y il Guilel SluS 5 slbbaesle iy
UV il OlaS 5 5w Coow 4o s diuwd aSeid
9 9= Slallae line 1 Wigh oo Culas laadgighls aiile
borigid OloS 5 a5l laasgighd (FY 4 ¥F) ) SKen
aile Ao acluwl Loyl s b alilie ¢ gl (gl a5 i
G ] Gl rizen 5 LoVl g leS ol
Sl i Wel so s Jlo b g ond aSle lalS
ol et ol 5l (SO Glgre 4 | laaseigdls s
UV logp osle ae slo s ply j0 ol ablio 4

UV-C g5 236 a5 smsoe glias Ghaghy ool 5l ol il
l, @tk ol oss Coronilla varia |les cos bl
5 P do kS (el ay e 4 WS e sl gl 0
o oS 59,50 9 59,05 L aled 50 45 o o] jo )
Pl L L (sl 55 e cows lalS 2008 oo Ll (5056
s ansl glacdplio o s aile (ploordignd Ol
e s ol L adlie g glss an laaSgighl alex
Cm ool af sl olis 5 alols gl aSiliz )l 5 o

5 F o obml b g laagdsigdlh 5l (S S3> LUV-C st

11 Sle ) osled F wl> (((hagh — oode) S 9 Jolw Ao



OLICoR 9 (5598 | yue

e U dnig GBS 9 Sl p UV-C oy §1 adline

11. lwanzik W, TeviniM, Dohnt G, Voss M, et al.
Action of UV-B radiation on photosynthetic primary
reactions in spinach chloroplasts. Physiol. Plant.
1983; 58: 401.

12. Prasil O, Adie N, Ohad |. Dynamics of
photosystem I1: mechanisms of photoinhibition and
recovery processes, in The Photosystems. Structure,
Fundation and Molecular Biology. Barber, J,( eds).
Amsterdam: Elsevier; 1992; 295.

13. Singh A. Growth, physiological, and
biochemical responses of three tropical legumes to
enhanced UV-B radiation.-Can. J. Bot. 1996; 74:
135-139.

14. Biggs R.H, Sisson W.B, Cadwell M.M. In
Impacts of climatic change on the biosphere. Part I.
Ultraviolet radiation effects, (D.S. Nachtwey, M.M.
Caldwell, R.H. Biggs, (eds). Monogr 5. Climatic
impact Assessment Program. US Dept. of
Transportation Report No. DOT-TST-75-55. Nat.
Techn. Info. Serv. Springfield, VA; 1975; 263-273.

15.Krizek DT, Karmer GF, Mirecki RM. Influence
of UV-B radiation and putrescine on shoot and root
growth of cucumber seedlings grown in nutrient
solution. J. Plant Nutr. 1997; 20(6): 613-623.

16. Balakrishnan V, Ravindran, KC, Venkatesan K,
Karuppusamy S. Effect of UV-B supplemental
radiation on growth and biochemical characteristics
in Ccrotalariajuncea L. seedlings. EJEAFChe. 2005;
4 (6): 1125-1131.

17. Mazza CA, Battista D, Zima AM, Szwarcberg —
Bracchitta M, et a. Plant Cell Environ. 1999; 22:
61-70.

18. Mackerness SAH, John CF, Thomas B. Early
signaling components in ultraviolet-B responses:
Distinct roles for different reactive oxygen species
and nitric oxide. FEBS Lett. 2001; 489: 237-242.

19. Diaz J, Bernal A, Pomar F, Merino F. Induction
of shikimate dehydrogenase and peroxidase in
pepper (Capsicum annuum L.) seedling in response
to copper stress and its relation to lignification. Plant
Science. 2001; 161: 179-188.

20.Quaite FE, Sutherland BM, Sutherland JC.
Action spectrum for DNA damage in afalfa lowers
predicted impact of ozone depletion. Nature. 1992;
358: 576-578.

21.Bornman J.F, Reuber S, Cen Y.P, Weissenbtck
G. Ultraviolet radiation as a stress factor and the role
of protective pigments, in Plant and UV-B:
Responses to Environmental Change. Lumsden. P. J,
(eds), Society for Experimental Biology seminar
series 64. Cambridge: Cambridge University Press;
1997; 157.

22. Tevini M, BraumJ, Fieser G. The protective
function of the epidermal layer of rye seedlings
against ultraviolet-B  radiation.  Photochem.
Photobiol. 1991; 53: 329.

1P Sl ooled F Wl (g — oode) C8b g Joko dloxe

23. Bornman JF, Vogelmann TC. Effects of UV-B
radiation on leaf optical properties measured with
fibre optics. J. Exp. Bot. 1991; 42: 547.

24.Tevini M, Mark U, Salie-Mark M. Effects of
enhanced solar UV-B radiation on growth and
function of crop plant seedlings. Randall, D. D,
Blevius, D. G, (eds). Current Topics in Plant
Biochemistry and Phys. Columbia: University of
Missori; 1991; 9: 13.

25. Braun J, Tevini M. Regulation of UV-protective
pigment synthesis in the epidermal layer of rye
seedlings (Secale cereal L. cv Kustro). Photochem.
Photobiol. 1993; 57(2): 318.

26. Britt AB, Chen JJ, Wykoff D, Mitchell DA. UV-
sensitive mutant of Arabidopsis defective in the
repair of pyramidine-pyrimidione (6-4) dimmers.
Science. 1993; 261: 1571.

27. Li J, Ou-Lee TM, Raba R, Amundson RG, et al.
Arabidopsis flavonoid mutants are hypersensitive to
UV-B irradiation. Plant Cell. 1993; 5(2): 171.

28. Stapleton AE, Walbot V. Flavonoid can protect
maize DNA from the induction of ultraviolet
radiation damage. Plant Physiol. 1994; 105: 881.

29. Caldwell MM, Flint SD, Searles PS. Spectral
balance and UV-B sensitivity of soybean: A field
experiment. Plant Cell Environ. 1994; 17: 267-276.

30. Viet M, Bilger W, Muhlbeuer T, Brummet W, et
a. Diurna changes in flavonoids. J. Plant Physial.
1996; 148: 478-482.

31. Mirzatoni A. [Effects of UV on anatomical &
ontogenical structure & quantitative & qualitative
ocimum essential oil]l. MSC Thesis. Islamic Azad
University. 1998. (Persian).

32.Teramura AH, TeviniM, Ilwanzik W. Effects of
ultraviolet-B irradiance on plants during mild water
stress. Effects on diurnal stomatal resistance.
Physiol. Plant. 1983; 57(1): 175.

33.Tevini M, lwanzik W, Teramura AH. Effects of
UV-B radiation on plants during mild water stress.
Effects on growth, protein and flavonoid content. J.
Pflanzenphysiol. 1983; 110 (I1): 459.

34. Noori M, Malayeri BE, Jafari M. Determination
of fluoride and its effects on flavonoids in some
Legumes. Toxicologicad and Environmental
Chemistry. 2009; 91 (3): 409-418.

35.Rechinger KH. Flora Iranica .Akademische
Druch-Und verlagsantalt Graz. 1984; 157: 327-361.

36. Ghahreman A. [Coromophytes of Iran (Plant
Systematics)]. Tehran: Markaz Nashre Daneshgahi.
1993; 2:428-507. (Persian).

37. Markham KR. Techniques of flavonoid
identification. Academic press. 1982; 16-55.

38. Mabry TJ, Markham KR, Thomas MB. The
systematic identification of flavonoids. Berlin-
Heidelberg, New Y ork: Springer-verlag. 1970; 394.

oy



OLICoR 9 (5598 | yue

e U dnig GBS 9 Sl p UV-C oy §1 adline

39. Teramura A.H. In stratospheric ozone reduction,
solar ultraviolet radiation and plant life (R.C.
Worrest and M. M. Caldwell, (eds). Nato AS| series,
Vol. 8, Springer-Verlag, Berlin; 1986; 327-343.

40. Murai NS, Teramura AH, Randal SK.
Response differences between two soybean cultivars
with contrasting UV-B radiation sensitivities.
Photochem Photobiol. 1988; 48: 653.

41. Tevini M. UV-B effects on plants. In: Agrawal
SB, Agrawal M, (eds). Environmental Pollution and
Plant Responses, pp.83-97. Lewis Publishers, Boca
Raton, U.S.A. 2000.

42. Noori M, ChehreghaniA, Hatami A. Nitrotoxins
in 3 genera of Papilionoideae (Leguminosae) from
central of Iran. Toxicological and Environmental
Chemistry. 2007; 89 (3): 479-485.

oy

11 Sle ) osled F wl> (((hagh — oode) S 9 Jolw Ao



OLICen 9 5598 [y (U axiy GBS g Ldg b7y UV-C gy 1 dddline

Journal of Cell & Tissue (JCT) Research Article
Spring 2012; 3(1): 43-53

Studies of UV-C Effects on Coronilla varia L. Chlorophyll and Flavonoids
Noori M, Ph.D.", Poorimani R, Ph.D.%, KhodaeeM, M.Sc.®

1. Biology Department, Faculty of Sciences, Arak University, Arak 38156-8-8349, Iran

2. Department of Physics, Faculty of Science, University of Arak, P.O.Box: 879, Post Code: 38156-88349

3. M.Sc. of Phytochemistry, Chemistry Department, Faculty of Science, Sistan and Balochestan University,
Zahedan, P. O. Box: 98135-674.

* Email corresponding author: m.noori @araku.ac.ir

Received: 23 Oct. 2011 Accepted: 5 Jun. 2012

Abstract

Aim: Reduction in ozone layer diameter as a result of increasing amount of pollutant causes
veduced absorbance of sun light UV rays by this layer. Consequently, living organisms, such
as plants are damaged. Occurring photochemical changes in plants are some adaptation,
defense and confronting reactions against these damages. So, studies of these changes are
important in higher plants.

Material and methods: Studing ten cultivation groups seed and field plants consist of control
and UV-C treated (totally 1-20 hours) of Coronilla varia L. were prepared in equal soil and
cultivation condition. All of ninety-day old plants were used for chlorophyll-metry and
flavonoid studies using 2-dimentional paper and thin layer chromatography methods.

Results: Chlorophyllmetric results showed a decrease in chlorophyll content in UV-C treated
plants in comparison with the control. Comparising the leaf flavonoids showed that the
number and kind of leaf flavonoid changes in UV-C treated plants in comparison with the
control. These changes include Loteulin and Vitexin in treated plants and absence of them in
control, Kaempferol presence in the treated field plants and absence of them in the others,
Chrysin in the control and absence of them in the treated plants and the disappearing of
Apeginin, Isorhamnetin, Rhamnetin, Narengenin, Myricetin and Quercetin in treated field
samples.

Conclusion: It is believed that phytochemical changes consisting of flavonoids kind and
number varieties are defensive reactions of plant against physiological stresses such as UV-C.

Keywords: UV, CoronillavariaL., Chlorophyll, Flavonoids, Phytochemical changes
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