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Effect of LED light quality on the morp\ological and phytochemical
characteristics of blue flower peas (Clitoria Ternatea)

ABSTRACT

In order to evaluate the'effect of supplemental LED light“on morphological and phytochemical characteristics of Clitoria, an
experiment was conducted,in‘2023. The experimental treatments included the control (without supplemental light), supplemental
blue light, supplemental UVA light, blueﬁght + UVA with a ratio of 1:1, blue light followed by UVA, UVA light followed by blue
light. The results showed that supplementary blue light and UVA significantly reduced the height of the blue pea. The fresh and
dry weight of shoat in the bluge light treatment was higher than other supplementary light treatments, but there was no significant
difference with the'control. The content of photosynthetic pigments increased with supplementary blue light irradiation, and blue
light irradiation could increaS\the content of chlorophyll a, b and carotenoid by 2.39, 2.31 and 3.32 times, respectively. Blue LED
light led to an increase of 2.84and 2.39 times in the content of anthocyanin and flavonoid compared to sunlight. Changes in phenol
content showed,thatyaliernating exposure to UVA then blue light led to a 18.2 fold increase in phenol content compared to the
control. The\activity of tannins increased significantly with blue light. Blue light increased the tannin content compared to the
control, UVAlight irradiation and alternating UVA then blue irradiation by 1.63, 1.67 and 1.54 times, respectively. In general, it
seems that blue'supplementary light leads to the improvement of the quality characteristics of Clitoria.
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Extended Abstract

Introduction

Clitoria ternatea commonly known as Butterfly pea belonging to the Fabaceae family. This perennial plant is adapted to tropical
regions of Asia and America. Clitoria ternatea commonly also called Clitoria, blue-pea, kordofan pea (Sudan), cunha (Brazil or
pokindong (Philippines) is a vigorous, summer growing, legume of old world origin. It is characterised as a woody genus with
showy, papilionaceous flowers, an infundibular calyx with persistent bracteoles, stipules and stalked ovaries.



Roots, seeds and leaves are medicinal organs of this plant. The major phytoconstituents found in Clitoria ternatea are the
pentacyclic triterpenoids such as taraxerol and taraxerone. Phytochemical screening of the roots shows the presence of ternatins,
alkaloids, flavonoids, saponins, tannins, carbohydrates, proteins, resins, starch, taraxerol and taraxerone. A wide range of secondary
metabolites including triterpenoids, flavonol glycosides, anthocyanins and steroids has been isolated from Clitoria ternatea Linn.
Four kaempferol glycosides I 11, 11l and 1V were isolated from the leaves of Clitoria ternatea L. People use different species of
Clitoria as a medicinal agent to enhance fertility, to control menstrual discharge, to treat gonorrhea and as a sexual stimulant.

To ensure optimal plant performance in crops, it is required to understand how growth and development are affected by
environmental factors. Light is a key environmental factor that not only affects growth through photosynthesis, but also steers
development. Blue light (400-500 nano meter) is effective in the stimulation of photomorphogenesis and adaptive phenomena such
as the regulation of stoma opening/closing, as well as biomass accumulation and chlorophyll and anthocyanin biosynthesis. UVA
(315-400 nano meter) is the main component of solar UV radiation reaching the Earth’s surface. Although it shares photoreceptors
with blue light, its function in plant biology is unclear to a large extent. The purpose of this research was investigating the effect of
LED light quality on the morphological and phytochemical characteristics of blue flower peas.

Material and methods

In order to evaluate the effect of supplemental LED light on morphological and phytochemical characteristics of Clitoria, an
experiment was conducted in 2023 at the greenhouse of the Department of Horticulture, Facultytef Agriculturey University of
Zabol. Clitoria seeds were purchased from the Bank Bazr Jonoub Company. ‘Seeds were planted in\one-kilogram plastic pots
(mixture of sand: cow manure: garden soil in a ratio of 1:1:1). The pots were keptin greenhouseqnditions including: average
daily and night temperatures in the greenhouse were 27 and 18°C, with a light periodiof 16 hoursiand a darkiperiod of 8 hours.
Lighting treatments were applied as soon as flower buds began to form. The experimental'treatments included the control (without
supplemental light), supplemental blue light, supplemental UVA light, blue light + UVA with\a ratio of|2:1, blue light followed by
UVA, UVA light followed by blue light. The measured traits included plant height;,number of flowers per plant, fresh weight and
dry weight of flowers, fresh weight and dry weight of, shoots;,chloropgyll a, chloraphyll b, carotenoid, anthocyanin, phenol,
flavonoid, tannin, and antioxidant capacity of petals.

Results and Discussion \

The obtained results showed that supplementary blue light and'WVVA significantly reduced the height of the blue pea plant and
led to the creation of more compact plants. The fresh and dry weight of shoot in the blue light treatment was higher than other
supplementary light treatments, but there was no significant difference with the control. The content of photosynthetic pigments
increased with supplementary blue light irradiation, and blue light irradiation could increase the content of chlorophyll a, b and
carotenoid by 2.39, 2.31 and 3.32 times, respectively. Blue LED light led to an increase of 2.84 and 2.39 times in the content of
anthocyanin and flavonoid compared to sunlight. Changes in_phenol content showed that alternating exposure to UVA then blue
light led to 18.20-time increase in phenol content compared tothe control. The activity of tannins increased significantly with blue
light. Blue light increased the tannin content compared to the/control/UVA light irradiation and alternating UVA then blue
irradiation by 1.63, 1.67 and 1.54 times, respectively.

Conclusion

According to the results, Changes in/light quality led to changes in the morphological and biochemical characteristics of
Clitoria. The use of blue LED light inere@ised the quality of Clitoria flowers by increasing the content of photosynthetic pigments,
anthocyanins, flavonoids, phenolsypand antioxidant capacity.

Author Contributions

D. Ramezan, Z. MohkamitarielY. Farrokhzad conceived and planned the experiments. H. Noori carried out the experiments. Z.
Mohkami and M. Rahimi‘analyzed data. D. Ramezan and H. Noori wrote the first manuscript. Y. Farrokhzad, M. Rahimi and Z.
Mohkami contributedsto the interpretation of the results. All authors provided critical feedback and helped shape the research,
analysis and'manuscript.

Data Availability

Statement Data available on request from the authors.

Acknowledgements

The authors would like to thank the University of Zabol and Research Institute of Zabol, Iran for the financial and technical support
of this research.

Ethical considerations

The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest

The author declares no conflict of interest.

EVRY-T



by opi (o (AL D380 4Bl 15 gyl 3555 5 clalyn IS 3959 (o 3555 slapl b Ygems o IS 3550
VIGaNa ) 35 gn caiS 35 Sopel o8 3 Ul il 5 Ll sl iy oy cslool 3 bl (g ol scssigal 15
.(Gamage, 2021
Olge 4 1)l 5l g cib clyls &Y gis odlgils 5l dlwis ¢ éle LS (Clitoria ternatea L.) bygndS b ol JS 5450
—5l sl b plye 4 Sis o S) 9 {orBisn et Oy 4 LU S ) labsle Y g (i GlalS
Suarna ) Cowl polie buws (uwjpmé 9 (s j SIS 4 o olS opl .canla s 5l 5 aubs (claasliSs ) wolie o oyl
oS5, bl e ] S (5 s 40 ol il 6, 38pb e g canl inla IS S5y oS ol LSy eyl (& Wiaya, 2021
s 4 olS (ol s BN .l IS 3 0 s (gl el oliend Lo > & Joate oo 2 S cilizee
e Y48 dgame 3 ol S 2950 (Silalahi, 2021) g 0 0> BME W )> by SV g o3 se SLa BV Job 4 Jeo
LYl g @ad 5 cal oS ool (6)9 jlo w0l JBjle Siidday blags (i o) FBSE L 058 4 &5 col
(Suarna & Wijaya, 2021) cawl oS0 185 oS g 5l olBrad A0 o o 5

ol o Sl bl > Sl 50T 5l ¢ 09)Se 0 (IS (g9 FBle L oS Glissi] slaey S5
bojilko (sl 2al)lS” (LS (go)ls Sy plgie 4y (alS, LS 5Bl xg i Somllb L ol IS 356 IS 30 g 005 (Bgye
b 5y g olS ol IS 50 39390 yiliwgi] uBren (Harikrishnan, 2023) cowl oad aidlis 55 ae las)low
U5 L s il sy olie glio )3 obS ol ol Bl 2 MBS o 41,5 aslitl 5,90 (sl 5 ol polio
tbosdgid SLiS 5 it § el JS 3955 JS 5 e siiledgilbelao 51,55, (Jiji & Muralidharan, 2020) s,ls 3,8
PH o5 alox | Slite oo el iz b @85 LSl nl (ol 5 5y 0l ulpl ablso oS () )3 29250
Cuolew 5 iz oM Plus yaolym b SIS 5 (G oo (slad ksl 4y as g b wCanl bod g S 20lgn 48 «Cugb,
3 b 605555 ad 4 gl (Sgian lalie SHEGTM oo (s 4y gy )3 Ciliseo (glaydS s g5 Lt
BLal (Sss YV garo 4y jlre (b U (lstar g 13L Gy 5 Gisa oM (35y] U Wlgi e ol JS 3955 sla S
25 b olS ol lron 328 o gt s <l TSI S 2955 Jg)8 alsd S gl iy (Jamil et al., 2018) 553
S olsis 4 e 495 (dine Ban b b B (elul e g2 el oo sl 0] ColS dgue sl S Jelss
05 S Kiile Cilizeo (Lo ABS G5 anl 005 sl 5 b olS ) JS (S 5 oS Sluogas LialiEl g S lag
lordoid 5 (S )Ihnge (N5 508 Ol Nl e 455 S Cand SIS I LS 5 Slas 9 0 2 (2355 S Job
S5 4 iliseo Jolja ;3 aSL 0392 S 5 5ikusgtd sl o3V (5551 el st s &y S slol lalS o ]y (eoaske
LED? (¢jl5p,9 o0 sddggMé g cpiluwgs] glgl gess Sl 3] wliss (Zhao et al., 2020) 48 oo Wl oalS i oLS
S S ke des jl sl a8)S )1)8 o g5 dy90 LED (slacwY 5p)5 pal sla Jlw j> o (Liu et al., 2022) cowl 034
ol 182,85 o)l 508 g ol (sl ablem 55 olaid] (slacib W5 5 VU jes do S W9 pis 4 ol o9 @l (]
29 3 Ol )i (WA (e 5 (aed)) Sl gl |y plalS 3 ol ()58 laosi S S5 Gasb
Al Sl gl 458 4 oxie Ll o LED 3 &5 (claisS 4y ol oo 3 olS (gl 35 CodeS 250 55 o] LED
S 3 5y g opbwgs] (glgiome dnaseiss IS (Zhuang et al., 2022) S yoSul sl (Rafeie etal., 2022) Lé el 5 il 53]
ASgMé 5 yoluwgs] wle gl clacglio g5 )3 LED jg5 pge i 4 495 b .29 (Kowalczyk et al., 2022) oS

L. Light Emitting Diode



S Shy p BN dspe 5 bobps il g o g a8 5 o e b Sl ) adlas )l 5l G
ool 035y ol IS 3555 0l olewdgnd o (Sajelsn b

loaigs o3 b dualie 3 (ol J5 2959 (olioniion 9 (38) lagol 5 LED glie L ) cudS' 513550 )3 (08 sl ©lillas
okl &8lg yd o)l cil cudS > ojlud s oI55l 1 (gyepe Jele SO (69 puie oS Wdged ledl i Ll 428 )T ploal
Masws o YL ial yg5 30,5 &S (55 4 .54 Syngonium podophyllum (sobs3l5 , a3ls g0 (sl syl LED (slacwoY
35 45l 105 Bl Jsb 5 5w (25l & prie 55 ek 35 S 05 S5 i |5y Sl 5 JS b s
(Taghizadeh, 2025) 39 ol yer Wl Jobo i yiligS aJos b

e gl g slog 63,8 )5S Siigagyien Ly )3 508 (s9mlS (iliosisl ClBLE 5 05 5 LED s 51 2l Sty
BUNGLNONG ) 43,5 5alS" 0355 Cns 5 345y Eal38l s 50,8 )55 9 45 (555 syl Bl b dlln > (pilihgil ity goors o
a2 )l (bl (slgime g S slam il clad G2k lygle 5 5o )50l s 598 Slslio (& Lapjit, 2020
Slaa sl cllld cp i ¢ 0 oaalie olwgillye Biiin o ,¢ B > b L (Asparagus officinalis)
3055 9 2 LED g cuS 5,05 iulojl ,> (Huyskens-Keil et al., 2021) sal € 4 dudws yg9 il Lol )> Sl 5]
oo i3l (Nagano et al., 2022) sy il doys FY Uy 6alS St ibawgsl ol 5008 595 dopd Voo b duolie ,
(Ocimum basilicum) ;o 5 (Kim et al., 2021) _S5,5as 55 sBilie clons s 5 ol LloS5 555 baslpd )3 oyl
ol j ol clagge Job 5 caslio yg s 5 Byt 55 LEDNleb ()5l cubls sl 005 355 5 (Lin etal., 2021)
slabaoe )3 g GO Ol jow )3 1395)5 (Slpre (I8l o Bl oo pol (] & 03905 pdy ISl &g b 013
Slgizmo oy L gltul Aol K9Sl (lgime pp UVR g5 buiiS gl (cladgss 3l owyy (Wargent, 2016) 3,5 duw yw
(Park et al., 2019) s ()15 ( Sy yo5) Wl siin 0Bpd V& lie 4 (iailyd jo8 b oddyled (S y 0 C ol
Sl Collad 2al330s 9alS Sy LIPS, o0 o gH BT ixo yolos 08 5 2l )3 4 UVia s (9381 2008 5 I3 (Mo
Ol cge (5584265735 UVA Jpidfhyll s> L b ) 2 (Chen etal, 2019) i 956 slaculgplio a5 5 (SlasusT 5]
oliswe (Zhanget al., 2020) W3E 50,8 )58 b dwslio 0 Sy pdow (g0 )d VY Lil8l g oled pll Sid 59 (gduo)d VA
ol > UVa 45 LTy I)Q:sty»wi cslgzeo g Wsgel VT S lasTyy GYBI Slapusl sl slae 3T el Lol
(Leeetal, 2019) x>, yo)l55 Sy

Ry b gig )
gl Joli Golejl slajlogs w285 ploxl Ll oy (Sliios SIS )5 )85 aw b (Bolad S g5l B 55 ialejl (]
Fooo¥P) A Gtild g (Vo egl FE—FVe) Gl )55 (V oSSy oge) aald (V 392 25 ©y90 4 LED )58 ciliseo
09 ol Jlis 4 g A il ) (8 A Ltals )8 ol Sl 4 g l 49 (0 09 Camd LA [til )5+ ol 45 (F « (el
99 Ee20 ) ol S je 4 cirbo o Sl (Gslite (5)98 (sloylesd) 9 0 slad 5 g tslo 93 (B SIF oY Y Jlo o
2 @re e 3 JoesrSee W0 bajlod 5l Sy o (eSS 5 a5 )8y 3y90 9 2l 2ty sl L plojen (csle
winles] (b 50 Adygd 95 4 o i) eSS o Ol b ool adlsl grao V el 13 Al 59 dino) w4 &S Doy 4l



A g gk SOl e85 5 Blue Sail o) ol S 3655 jods g 4l iy e Jseg)See ¥oE0 wlig, 9 1,5l
5 e d psbate () Jgin) 15 ()l pigel SB | olendeSoid Sluogas g 8l (s jobate 4 ilojl plosl 51 5
Jrog ASTHB L 1oyl Colos )3 b gbgcund shafio Ol L)L a9 anitel 301 mlo b ok lal daydy (08" 2l
Ssiodl gladunsS )3 5 5955 Hodu VFe e Jlo ol BT 13 i Sehenis 4idd YO Codedy Ol jid 6 3 25 et
0908 90 5 CulS gy e SO Bes )0 (Vi) G b ael S 5 odwsy (oD 355 (6L dwle bgls) (0)T5lS S
b oS 15391 sio o ¥D glis)) o YO b b (slaalS ol  ivloj] (slosly 50 e Lol (slaulS 4 AV F+Y Lo ol
el gl 3 S A a3 e e S (1) o by il S Sy s bdsin) S LS
Jsbo b 31,5 5l 4,5 WA 5 VY &S 5 il g, slod cpufiben 15 plol 1S5 1 (el IS g 51,5 w5 Jlawi 5 L
ol plin 5 5 ladsus JoSuld 98 pameds (oLl sbales Jlogl gy cislus A (S0)6 0)93 gecli VP (olidg) 0)99
35 sloylass Jloc] b oolitul A Ltinld LED caaY 5 (55 (o LED QoY | dndyon 595 IS5 g -hplon] 105
S Oygo G A oilals QIS o)) Cd )b 4 dr g b sy Juad (b o oIS ol bl adll ) Jad L U LesS
whiie sl IS 53 S 0)93 Jsbo )3 (LS e85 plonl (g)lol s g AR Jad Ll p i i LS gy V-0 2
J) s ol Sy 90 @) gy Mile Bpany polic Sl (S 5 Jold Joo culhiad 438 Jolaie (38 Joloo L
45 592 (Llge 9 )92 me 89 e ool Joli) IS Wole (iimamng (BB il SI) B 5 (Dl orusliygige
ool Lol pan Lo 9, ¥ o 335 .003,5 ags V/IY—Y/0 d8IM 290> (EC) o&;,&)l Colia b g ulSon oges Jgo,8 wlel p
(P29 o goyd jl e din 93 005 (pedi plalS COWS, Adyg 09 (Sl (sl (i G I U b el
dayd —Ae glod by s g b ool Hl8 wle il > alolMyond Eildy (sladiged WA Cuily b 5 g plos] (g)ld pdiged

135 Jite gleasbgm (slasdl] ol g 315 sl

ookl 3y50 SB ol 38 Clbgas LY ‘)9'\?
SBadl (Mo (Dowy (Bodw A7) ewwly (1) shud  (4) ojoss  PH =

o) i A q 3 £F4 VY WY v/o) /vy

L N
g

N\ 3 35kt 3 SN 39899 590 Olho

29 S LBl Bl (0 55 508 )90 4 dBle Sl U SK o jl g eli)) (lidy) slass Jlasl 9,8 51 3 ole S
Olej ) MBS g ub)led g yo ) IS oliad oLy Hlad Jlasl g9 5l dm olo S puizmen LS (6 S 03l e Sl o
N a28 EF S5 S iy e A ()5 oS00 eBd) Jlized il b 5 0jg oSS sileliz e ety
5 ol Ay 5 2lompll Caomd 93 & iy S,y by Jlin] olSuslo]] 4 5 o glab digbs Joxa | laigy (JS <l
2 0l (Gilolia sla sy upw b Cud lem plail g ady) 5 (s g i pS /o) Cd b Jlioed (g5l b aloliM,
Sdo ol CusdS e 8,5 51,5 5315 il an 0 £0 clod b ol 53 el VY Goke 4y g A (6138 pL 8,5 1,3 c3els S
W) CuJ 9 d)jb)l.}a‘ ‘D; ofeey CB '.) JLiDQJ 69)1)’ dJMﬁﬁdJ U)‘}b Pl.b] 9 4.«»)) Kais 0)9 ‘UL°)

| PR



S gid sl 3 455

JolS 55 g 9 22,5 bogleo 1o Ae gl il e Vo L g 00 )30 Ml glo 31 L i gl 3 036 S p)S /N
2 Jelore Gda (Unic, UV, 2100) yiogibg xSl olSiwd I oolitwl b o 8,5 )18 60 50 celio VF Gdo &y b, IS
2Pk e 2 33559, 9 b Jdg)lS @ Jidg IS (liee dvwlne sl oAb (S 0jlul jregil ¥V g PPV SYF (lagge Jobo
(Arnon, 1974) wi edlatwl yj bley 51 Sy 5 jg p)S

Chla (mg /g FW) = 12 - 21 A663 — 2 - 81 A 646 () o

Chib (mg /g FW) = 20 - 13 A646 — 5 - 03 A663 (¥ o

Car (mg /g FW) = (1000 A470 — 3 - 27 Chla — 140 Chib)/ 198 (¥ o
N

5 8 S ibogisT

oat g 235 igm 3 3,5 IS oty (sl Nl Lo Vgl el 5,08 o cdl 5 8 Sy e L
25 S 5 oy Al S Do 4 (Jg) Cbljge 5 5 Joks BNESS gy Do 4 ye3 ¥oor Gy b Jobs gl
Olie Cales )3 5 0 Joudy pilis B3 )3 jo3 ¥+ GIMEES Vo Sy badiged 5lai 3)50 (Jloj CuldS I g -8)5 )1, Sl
eslatul b el po b <dlyd (Unic, UV, 2100) o8 g yiSum] o5wd lawgs jiogl OO+ zgo Job ;3 (oYL Jobre s
(Wariger, 1979) 13,8 auolxe SIS S cpsliwgs] clale 5 cla ge,

A =exX(C XL (F abal,
C=éxL \ (& abail
€

£S5 2 JsogsSus o Pl clals C (o ol Jgo YV o) (Bgels upd & aoda Glie A calgy ol
ol (o Bl ) SggS poye L g SIS 5 459

gl S 55w T it
56503151 S8l syl bausgs ! S5 9] Jid5,15 65 S 5 <5 ilS ol 1y 5 (& (ppoling) Sppsol gl clale
gl el oylas 5 bolse 4ddo Yo e 4y 003 Sy S phudlio dwl Jid e dw b JS 2 )5 e S hl 45 @50 (s 0
B e o 5ouis Sl 488D VO Sdo @ 01,5 Bl dnyd Hlen (slod ;3 48D (3 g Frv v Casyu b ojlas o ol Cunddy
UnNic, ) yrogdg yiSml olSiwd bawgs ladiges e a0 i 43l DCPIP yidg o Yoo o 4y g dtildp o9, o 5 yidg,See
clacdale 5l ons ags (canas ) bl esliel b S yeSal dul cdale 55 <813 jregl OY+ zgo Jsb > (UV, 2100

1 2,6-Dichlorophenolindophenol (DCPIP)



PS5 e w9 13,5 duuslons DCPIP youin 15 (i) )3 py8 oo Yoo g Voo e YO Y/ SIVD) S yoSnl dal Ciliea
(Chang etal., 2002) us i)li5 35 59 £S5

S S 5 0 gigho

48> 3 593 Voo A b S olKiwd (59 2 5508 5l g 9 48 ALl a3 Ve il i) oo VeSS JS 05 S 4
03> youe yeily (Blo X8 5l culas 50 b Faatatl Fovr jed b aldd VO Cde & ol olSiwd bwg wslw Y Cde 4
O b o IS postiadll (e S5y (g, b S 4553936 (glgime (285 1,8 eolitul )50 gl ekl o)l lgisds g 4
Floen 1Y g 5 on VB o5 8 a1 ol (sl sl o0 45 i 8yl el <10 &1 o5 5 p500
4853 ¥ 5l g b 8Ll e O 1) oo VY 5 1Y g0 Sy bl nliy Jgloe y2d oo /Y SIS poiagll Moy 53 Jgloce
20,5 cdly8 (Unic, UV, 2100) yiogibg Sl olSiwd lawgs yiogil YO+ zgo Job 10 badises ? dasee glad o ()l S
Owiaw 55 D)kl yi yy p)S Lo YO+ g Ve N+ Ve glaclale jl o ,lulinl ovahew ) cas - (Quettierdelet et al., 2000)
A5 G SUES s £35S e s B AS S 1586 (clgioes 0 ool

\ &l g5 L2

5l VF L 5 IS 05 asgg bykae 51 sl Som B+ i i ol 201 g (58 B pmo 3l o3l y IS 15 5 5ol
U S o 4885 s ol e 338 )y 45 T G 4 (8 e e Vo b ke
)8 1,8 0S ol dad Fe oo b (gylopy ;0 MBE Y e b Bdiged g i d8LS] Jolore 4y do 3 Ve Sl S eyt
Ozarowski et al., ) 15,3 cil)8 iogil V& zgo Job ;a-(Unic, UV, 2100) yiogidg Sl slSiws b adiges Cls colpd )
dopd A Joilie pd sl SIBR] 3 )5 (deo YO 9 Voo N Ve e file slacdale 1 gl S aoxie pay 1y (2017
W iyl Sl s )5 el SUB 05 e cans p S8 IS 8 glgise L edlii]

v 5 S NS T o

ojbas il he aw WS ga0 b loxie DPPHY (o Jldly Jlee cliwe (o)) gy b Sl (oSl cd o
5 3b 4Ll loj] gl g8 4 (Yge o o) clalé L) DPPH Jgilio Jolomo i oo S g a5y ialojl gl (93 &l 5l
S 3l G 38,5 NS S g 5UT cled 3 dBE Yo ke 4 inlejl (slaaly) L 03,5 S s 4 alols bglse
e doys LABIES,E (Unic, UV, 2100) jiogibg xSl olSiwd | oolatwl b yogil VY 2o Job jd Cls i cad 8oV
(Kedare & Sing, 2011) s duwlxe 135 Jg0,8 b doyd s o 3151 (ola JB0,

DPPH = AC — AS/AS x 100 (5 b

bl o diged e 5 ald Ol i i 4 AS g AC ]y oyl 4o

1. 1,1-Diphenyl-2-picryl- hydrazy



5 0

S5 p5 Y il oS ©jg0 (ps Ad (6 S5l > (g Bpme by (i SS) G904 SIS Jslne (slagpl (slgiee
3 393 Fove sy b odel Cawd 4 glyStil ojlas s 03,5 5een g ol Lgd doyd Ve gl yid e Ve b SiS
e 1N ol 4 (glgize (g puSojlnil (gl yiiSTy bolore b jauty yilu 488> VO Co &y 01,5 il ax 0 ¥ glod )0 aid>
Joloo 9 b Sontilo 488 50 493 Yeor Sl b dadds O Gde 4 yhaie Oy Lo SO g gl el ojlas i e G PVP
1,8 (Unic, UV, 2100) yiogi8 g yiSm! olKuod Lawgs yiogil VYO zgo Job jo yiiSTy bale Cla w03, ls 59, Blads
Makker ) ws 5,155 S odle p,5 1 p)5 o w1 9 3,5 3591 13 Sl daol 3,15kl _simio 1 onlizaol b o5l ol 5u0 9 A5
J(etal., 1993

ST\l g 41 joud
osime BMB] JBlis 9051 (o9 4 lopeSile auglie 5 /Y a5es SAS (o)Ll I3l 5 Sheatiie] L laodls b 5 4,520
12,5 plosl Excel 2019 13315 5 L U loges oy .15 o0 Wz ! seaus > (LSD)

o sbadl

dg &l

5 ooyt S Ui gl ¥ Jgda) 39 o sine (p < 0.01) duo ) Il pdass 3 gy glisy] s LED 55 cilieo lie 1
335 G ] Gy (mlr WHEV) A i85 3,018 5 (Bl TYPISV) aali e )3 o ity iy i) (508
G A Gl g ol Js g @l yg A SRR Gl gl 19 B & 598 4 b wigs )] ialS 4 ke LED
3o A Lhanlyd je il (weld) ddyes je il ams Wy gl sao > VAN 5 VONY NF/FD ialS Cow ol g

N\

(@ pgar O JSE) cdld Jlida 1) sals b dwglis (0 ag glas)l gauo > FF/00 ials

\ gl 40 J5 olusi
A Sl e ol S 5q{fi 09 wsliie (b e 53 g )3 IS ol iy 3 ol JS 0955 g )3 IS ol Ll
33 30 (VOLEE) d5ga,> S5 dlawi o a8 390 (YV/ES) o] (oSS 595 51)l8" Jlawd b ylo sixe 3MiS] 1316 o™ el comnay (YA/SF)
o cundlgh A B8 555 T Js 5 ol 495 glite G (D g ) JSL3) 5 anliie (anld) ey )58 G Ll
s A aanl B e 3,8 a4 cuns A Ldnld g ol e wglite (il iU Hled eioren > iulisl o )s 0+/AS 5 DA/AY

F 03
O] 186 oS wal Cunsdy (g2 55 )5 BONVY) A il s )9 o] s 4 g ol 98 (b Yo 0 IS 5 gy oy &S
25 Ol sl 53 35 S 5 (g cn S g (855 53 )5 YYIVY) (] y95 Gl 5 (4552 55 )5 ¥Y/VE) sl (slajlogs b s gime



oIl 4 omie A anld g ol Jbs 4 g ol e G (0 pgeal ) JS) el cand @ (S 0 28 VUEH) A il
25 Olejod b jlad & Cond JS 5 ()39 s plp VOB Lol3dl g A (ianl )8 )e (il sled 4 Cand S5 5 (y55 sl VH/A)
Rl 8 59 s 9 (2l 8 Cglite Ll jlass 5 008 Wi (la JS Sas (g i (€ pgeal ) JSB) A8 A il )3 e g

(€ 9b jogad oV JS5) Cunl 0ad 33 o cul 5 4552 )3 IS 5 (g aljl 4 o A

F S 039

ool Cowddy ol (¥ Jgdo) 392 415 e (P <0.01) dopd K Jloin! pdaws 3 b J§ Sid 59 0 LED o5 caliseo golio 5]
0l eyles bl gxe (OS] 135 a5 ws samlie ol y95 Jlead )3 (69 40 p)5 VoIVE) IS S y59 oy D> LS
55 05 SS 59 a8 rima 351 (92 50 2)5 WITA) el 5 (G200 2,5 VUMY (ol 43 g A Jd] 3 )55 ogliz
39 D & Cand ol 598 G () JS) cadlas (gl sime ST (V<) o g3 o Sl il 58 oglite (20
il 4 e A a1 e 9 ol j95 glite b wiomen > ialisl phy YYQ 1, IS SHS G5 cundlgs A Rdul )
(d pgas ) JSi) 13 A ianl)3 9 AL 4 Cuns JSSS 0y sl YIVY

\ o2 Il 5 139
o s gl (Y Jgia) 332 oisne (P < 0.00) soy o Sl plds))> lgn ol 5 5 2 LED 45 il s
1338, 5118 (6ol 09,5 Sy > (18L5) a8 595 iul Lo b Mol s 0 ol 5 (U sles ) lsmplil 5 59 oyt
odnldio ol )55 upms 9 A (L1 455 oglite LB Jlosd 1 5 2lolelul 5 (g (S AZEIL ob b ()l e VST
i A lanls )5 b g A Lianld g ol )l (b (BBELS (e ol )9 slize (b el b oS 0
A il g il slod & Bud | alse ol 5 055 el (D g8 (8 gl ) JS) Bl ()l gine SIS
19 olite (il 4 Camd olon plhys s clo R YE X il 4 e ol 95l Cpisred amd il lo > FY/YY
(& s ) JS3) A5 A ()b )55 g 5

N\
N pINI LS 59
S Sygo cph g AN 5 g Sl (s b alie (g9 il sl > Jlgn plil iS5 Sy S,
ol Lo Bl teg@Ms | 151 45" dal Caws @ (w592 3 p,5 VXYY ol 95 il jled jd lgmpliil Kid 59 o yiain
oS Lol Canddy (4ig) 10 p,5 YoUFY) A Lianl sy (il Hlews (0 jo olgmplusl (Kid 159 oy yieS g (4592 55 p,5 YVA/-+)
(552 5 )5 VOXIYY) A itld 5 al ) plojan S5 (4552 5 p)5 YATISV) (tanlb o o) 595 oglite (6 (ol losi L
JS8) 12l (> gine OS] g 435 118 ()lol 09,5 Sy )3 (4592 )3 )8 VYEIFO) (ol 595 s k)3 595 glita U
05 O sbjla & e ) g plsl K23 g cudlys o s G2 (T g )



S5 2955 (Sajglshyge Slio 5 LED )5 gilio 51 il ly s Y Jgo

©lape ke

Pl s 59 7o I Sais 0o # o Gy > J5 2l Gy g5 B Ol e
sl il el K
YYSA/QY AN ARVIAYS TS SYI5Y s MARIARE ANV/Y s Ao oYY Dt I )L%,’{
AYA/YY VOYAY/AA sIvs OA/¥D AN55 YA WY U”')«l‘)i dlb;
y-lov ARVIAE \EIY - ARYAN \Y/AA (/M - Ol i G o
Juo)yd \‘90 Jhislizdans )3 3 gxe iy a0 ** 9 * (o sme i NS
SIU5 3959 o bhouigind Olino p LEDYoi aolio Jihudlbyly 4350 . Joua
Ol nSbe,
7 . .- . s . s . e y £ e . P v ™ .
o ced OB S Sagdh sl S osbesl a8 DUaS  adyS e Ol g
PO Lt VWAL Syl Syl S5 S y95w] S5 &5
S5
AR ZINEES NINES YIY s YIVAsew ARSA7ZNES Y/ Y FAAE S VPI¥Y oY/« Y o slowd
Vo/¥a AV AR /vy VYo DAR BAR VYN AR WY wl‘,)i d%
YIY Va/o- VY/0A W/ ¥ \O/YY Y \/AD \TZAR \PIFY AIYY - Ol i G o
4 2o ) 90 Jlanl gaw (3 3 dxe ciy 4 FF 9 F (b ime i NS



]
]
|

R - NI

£ 2 Bep (T o)

pevpe s of Hev

F o s o 57 A g

Agilid  AgELE o

d_

g Agkdig

T ARG + gl g g A i g

aald

[t]

sals

s

Agip  AGRSS o g

T eerome ]
]

be

2R s & o o2 2

B0 € 5P (559 o Hpv)

Bt
Tetefetutatetete

EC0 oo 50 (559 oF #ev)

5 G+ g e o g

o 8

aald

&

aaldy

G b g e ol g R g0

Agidp Al ol puml

- .
5 2y
T &
- -
El S
3 1
>
i % >
3 N B
) %
= =
g
-

a
&
wald

3 ol g A G g

AGELE AGES T

b

e

A

Doy Ag g

h

a
asld

2 iog i s Loa
FE2D e jonye! w7 (569 oF v

ot

Sl

) 2 LED 5 gl 1.y JSW5

@)

55 ol

039 9 (8) 2lsn pll 5 59 (d) J5 SS9 (C) IS 5 g « (0) g2 o

25 () ls plal Sits

ySle

(LSD < 5%) 15,15 ;5036 b (g bixe glds aslisio By y> b (sl



5 ol s G 598 glite 2 9 (G e (o )98 glite G RS + ol g8 plojen A kil b

Doy by (61 Gxe yobdy (LSS yg8 slojle pl 4 Cans

a Jdg b5
Jois) 391 4 bize (0 <0.01) no s § Jloin] maws jd @ L89S (glgizee  (LaST g8 > i bodly uilyylg & 500 gulis
(Y
Jso IS slgima ial3al o yoxie A iiinlyh g ol y9 Gb oS Cpge (i 1085 15 55 xS SBEeSe b IS (e
5 (5 039 P25 2 PS5 dee YUTY) (al )53 3,8 (slsles ) oo @ J8gilS| line (e85 B sty A ML 4y
o 31y T JS 3556 S0 3 35250 8 Uibo)lS olize Candlis (ol y55 L el Baes (SR PS5 0 S oo AT Y) sl
A Stilp 5 oglite Gl g A GBS e 2l slitagiell A LT )5 Glojem Wil A Ltinld 5 4
{8 g ¥ JS3) 35 ol 498 e

N\
\ b 9945
Jgia) 295 Y13 dze (p<0.01) noyy S Jhos] pd&iiys b Lbg i sloize p  (LoST ye 0l lis osldy sl yls 450 s
059 O Ll )3 o S (elsime ey o G5 ot 92 8 Sy b e Ly b g S elsie s g, 1
ol sy (5 039 205 3 )5 e ¥IVY) ol JLeSIED N IS aliimo (a8 g (55 039 S 50 p S sk 1+130)
e (ol 45 Cmismed O Lol plp VYY) salBl awolie (315 ol S 5455 Sy 3 3gmg0 b ido S (clgime o yo5 il
(A il + ) eBlejen il WA jsaul s jstapadi b Jg)lS cloie (ol VIAY g VYA NOY /A ialjEl 4
B g LUSEP 15 Al o A 2815 55 oglite GG 5 A i) e (595 glite

4 o gid g 45

Joiz) g1 4l gixe (0 < 0.01) wojn S Jloin] o )0 M358 (glgime p (JuoST o5 2 i laedly il ylg 450 s
S ol S (57055 £)5 3 35 o O10F) (ol )58 (2 Sl )3 S aigBa)lS lyiome e 3 (L3 ol (¥
A Gianlyd oGl jlead b gyl sme BMBT &S wis odmliie (5 (55 £)5 0 p)S oo VYY) dalis jlows 50 50 39598 )l50e
L5|9;'.>u LS)’.‘)’. V' 3 VAV VAR TAREA VAR wl).el 4 yoxie waly u;’—l )9 ol sl ()J O399 r°)§ 2 S o Y//\\G)
OB g A il s 2l 5 oglite GIB A a8+ ] 95 lojen b A a3 5o et e Cans 49358
(€ ppad & JS5) 358 (ol j58 g A (LIS )58 Cglite



=
—
f>2

|

o Y ] a

jj a o T

o) _I_ 1’ _I_ b b

3 7

y A j-_, ¢

Y, c
< b 5
a by bl
< ¥ ", B
o w b ol
2 - o]
9y 3 ::::::
) 5, K

aald Gy ARSI+ Ty s oy 8 g

ald Gl A vy pmeslag s JU A,
Agidg  Apild ol g g

Agicdyd - Agidy ol g

Lo
s Jled
N
» A C
% . 2
3
Y
o, ¥
by de
“, N
Sv| . .
aaly iy A g e Ty ey Ty g il g
Agindp Agisdd o g
Slesd

ot JB555 oS 13 (0) 43gs)S 5 (0) b Jids )5 (a) @ B85 » LED )55 e 31.Y JS6
(LSD = 57) 553555 b s ot sl alin i L (oS

\ I 5 IS il g T (s gine

Js42) 352 o dme (P < 0.01) Lol Jlozs! pdaws 1 (sl (glyimo p2 (eSS )55 2l (s ooy il 425 gl
SHE IS oo Blise @l 15 S5 IS sl slgiome I3l & e a5 55 2,18 3 (s gl (Y
VAVR) 32lS jles 52 5 S5 S bl (lsime (a8 ol sty ol ) 2 e 53 (5 01jg 5 ) Jgag,Se YIVS)
(55 0139 5N J3RosSee VY +) A Ltiinlb )55 (2l (glolons o ine BMS) 88 oS sl Csd 4y (5 39 £S5 50 3095
IS olwsisl Slgome cndlys oy G0 32 (5 03 205 2 JeasSin WV (ol 138 s A L2818 )55 glize 21
(@ g & JS5) > il 38l YIOA 5 YIAY sy A Giaial)b ) (il g aald 4 s | SIS

S IS S 55T et (51 gime
2 olaid! 3¢5 a1y Koyl sl (slgiome op YL A ianlyd g ol ye lojed il jlew ol olis gols (Y Jods) 34
Dyl 9 A pial e Oglite (6 g A Jabld 5 ol H8 oglite L lajles byl bne ST 186 o cpl i o



39 Gload Gl Ll 5 50l olatsl 368 41y Syl dpl (Slgiomo 2508 35 A Sidi)h 55 G5 5 20l slo o
(B s & JS) by Lial3l hmys A/ sali &y Cannd S 1ulS S S yoSnl dpasl (liime A il b g o

S lS U5 0 gig W (slgixe

g1 3 gize (0 <0.01) o pd S Jloin| oo 13 S5 (005559ME (glgize yr (JuoST ye5 Db LS aodly il ylg 4350 s
3 e BB o pl dix o 3l olaidl 3g5 4 |y JS 59igMs (clgioma o yidn o] yo5 Ll ol LS gols (Y Jgu)
M]3 a8 Wb osmlie aald Hlas )3 JS ASgigMd lie oy yieS el A Ll e o] 595 glite LG e b
OB g A Ltald )5 cald 4 Cuns |y U 3359M8 (s cadly ol (LSS )5 00 A il bngl (0 Sle b )l gixe
(C pouas F JS5) s> il 8l 0o )d FEISY o 05/Ye QANS it o] yo9 Lo g )b 595 gl

w0 I

Tatatetet B

ST,
200552505505
stetetatetets

o0
SO
T4ts!

b7
2525
ittt

39055 30 g9 55e0) < palS IS (o lomngid|

axls g A+l eyl gy 5 g

£35 33 055 ko) F 7S 5 S s95unl dw
[SZRST)
&

Sy AGES S vl ey ol g s 8 Agiddd Al oy e
A Agils o i g Sladt
Jless

e

etelatetelsl

bk

ST
o
e

339 055 30 55 (hea) I S 5 aigigdld
o
-

,,‘v,-,
T
Folelelele!

-
Y
TR o
||\|\|\||||||||PF
NN NN

Fsese
P2
%%

aald G RGNS+l g s g s 8 )
At Al ol g g

Sledd

5 355 ol 13 (0) 55 S 5536 5 (0) 5 lS IS Syl sl {2) 8 55 S (slonsil 1 LED 155 clio 1Y S
(LSD < 57) 8)55 ,S53Ks b (6l sime g5 ailie g > by (sloyuSile

& ls IS S Mg



@ (1 J9i2) 35 5B sme (P=0.01) dops S Jlosd s 3 JS 8 5 (eSS 55 003 (L3 Waooly il )ly 4225 s
o5 g sloss el o My 0l oLl 063 4 1) S b (line oyt A (215 555 (e ol 595 glite (i Bl i
B ol cpyieS A RanlE 58 Gl g aals lajles )3 cudli dgag ()l dne SIS il b g ol g plojen b
Ol B 55 g aald & o |y SIS S 6 lgime cuily A il )6 ol JWs 4 g ol g oglize (il LS ssaliie

(@ s F JS3) 315 Uil o VB 5 VIV oline &0 A

5 gl (0 ol gixe
(Y Jsis) 291yl gize (0 <0.05) do o gy Jloin! s 53y (glgizes p (JooST j99 0l ()l laoald uillg 4y o0 gl
95 o a8Ls]u sdmline (s 0lo p )5 0 0,5 o Y/ F) A a8 595 il Lol (o gl s o il 0 LS s
osle 15 53 5 e VIFF) s 155 Gl Lo 3> 5 lS 55 lgiomn WS 35 2ol T (slione i 4
Glales 4 Cans Spl5 b (dlgme (ol VER 9 WVE VY ioliél @ e A iashdde ol el Cabda (Sis
Sl5 b (s cudlg A (talp 555 G Gmen A (tald g o 458 plosemiiil o (Mg SR by 5 b
A M g VF0 Glie a A (il (s 2] )55 oglite (2B 5 A 380855 Bepws (o 599 lglite S L dglie 5o 1,

N
\ S g5 S 1 5T Cud )b
M gze (p < 0.01) o yd o Jhoin! waw jd Sydsy ShnsTi] cas )b 1 LeSS 5 ol olis laodly Luibylg 4550 gl
9ty 3015 & G LED 535 gt 5 1 5 G5 by 9 8508 a1 T b ol s s Y Jpi) 39
YYIEV) s0ls g (10> £+ 10A) (o 555 slosi 5> o RSB\ Sl byl 02508 5y 8L G181 5 o ime
Cmed O il Moy A TR b yed 5 AL A Cand ) B8 Slas] ST cud )b Ty il el cud (1o
o 9 2l o oglitan il (R 9 (b Cylesidh duwlie )3 1) SIS Slus] sl cud )b cusly o LED g
(C pogas F JSW) umd il 31Mo )3 0+ /YD 9 YENO DAY Cul 5t (ol w Lidlyd 5o oglite il il b

N\

-
o
~

ab

be be

be

BT
soeie

4
- - =
2
T ...I.i
NN

29
e

2050

o5
*y

oot
SRR
(S 39
=

[

(St 00l o y8 40 s olue) F pulS (50

sl Gy A e alig ey g sy

Agid i AGRIE ol i

55 30 Sl I 0,5 o) IS S o

sl LD W W [ R g PP -C R P

Apids  Agidp g e
s

et

(0 30) F yul8 iloenSt 5T e 1o
. T * ¥ P ¥®T P X

sl Sy Ay vl sl sy

Agdds AR ol e



o1 5 3559 L8 5 (6) S, Ao\ o () S5 JS (5 a) 2 5,05 S 5 1 LED i i 1. S
(LSD < 5%) 65,16 ,50586 b (g0 sixe gl dslitio By b (sl 1 Slo

ol 80,5 o S 0555 aaly 5 gy 20y (10N cage A LS 558 L gy nl o odel Cusd 4 gl 4 g L
xSl cage oy ig09m M5 2 JIS U o) e IS L apgyS st S clled (I3 Gl s 4 5 ol 58 o
Lils 5l Sb ool slas,liS (Chen et al., 2024) 355 o 5pS]yte LS Syl 5 4igs £lis,) LimlS o Biseysn ol 2y
(Luoetal., 2024) 528" 4 (Nguyen et al., 2021) zlaw! (Yuan et al., 2024), S 34555 (Wanget al., 2024) L5 5 £las )|
oo bsyliS cpl p3 0yl cdllas 3uid opl gl b a5 ol 039 o LED ,oifiyioli Lol )JVLQ(UI codle | Gials Lsa
e b g FSTyte oyt aBlus B L elisS el b lalS g5 s 45 03,87 Joe W) il ool 8§ lgis s o 55 00
2 ol ) 4 Sl gy i) Sl el carge A Linl)B 555 ol LS Crimem 5,855l @l 00,5 o sty g S
S > {Zhang etal., 2020) a3l ol )55 4 Comd G015 3 & ) po)S 58 SE Comluo LB Wl oo 550 () oS
O Ll 53 gl S () o o 0 o)L Laonaly i g8 8 L1 b LS wigr glisy] tals & a3
5059 ©AD & Wgy i)y GERLE )8 il iy sl 3o e Siild 555 G ) e SRR 5 al )9 oglize

(Alrifai et al., 2021) 5)ly  Siws o0 o3laiwl j5 z50 Jobo

o 9 2 LED (slyg5 coglizo (6 dusy o jlaidy .l (I3 (Ba01S ges 9 2 )99 (B b 35 gy 50 JS dlaws
Anasgi &y ke oS 05 (gl gllan s Ll oGl Tl (6ol onsliy B 5 (3tmgd o (381 L A i) 3
Glaads o o lis b iyliS (Soufi et al., 2024) cusl a5 o 1) U5 0095 Cansj g dlaad ]38l pol ol 930,50 M)
lad Ll asl IS8 5o, Jsbay Blus S BB e 5> Gl ad (456 1 peste 52 Jgo5,500 Y-3) 2l )38 o8
b cnlnl (Zhang et al., 2020) amy Jgl331 1) il 55, (el (2ulS Wlsi e (436 2 @pesie 2 J09)See ¥0) (ol s VL
2 S5 3 Gl o Slg5 oo Galle a5l 2 @ipeyie 2 J5e9Sue VB 208 S Gl e (2SS 3555 (392 Aik gy 4 dxg
(Shibuya et al., 2019), wsslad o (Park & Jeong, 2020) (s359l> J5 y w25 5 I3 slawi iol38l o )55 00 dig
Bdkine e Sy Ad g )0 S ol pials 4 e ol 4 idl B 95 008 sl 039 (ol LED g5 yeis Lasl s 4
3 5 ol Lial Cage 9wl jledar plblS 5 wwjpe (iS5 0aiS sbul Jole G lgica lgi o oA hanl, e
(Zhang et al., 2020) 9. 45 g
390 50> glslog b Sl e ol 498 SR e 53 g Pl S 5 5 (39 gl Sl S men G il @S
oo 5 s 03)gp Slgo WP VL Fhugh S thgh SloaliSS) lsme Ll AL Wl e of e &
dawg 255 6 S 4 Sl e nizmen Ty G Jlesi 3 2lsm Pl 5 jg (o9 yde 3L LS 5 o I3l
9 b b olo wiscen L(Park & Jeong, 2020) wib (claje, colim g ladijey o b (Judg IS (65 IS wandlg IS
(593 et 3t 2l 59 380 Gy o )ludls 5 (59 Sl 5 9l alompll )3 padS g erly jolis gazs Sl 4 e
Ke) S5,8465 olsn plail Sid g 5 (59 iulj8l (Soufi et al., 2024) wis Se sl JUK culld o Jolw slic (s piudeds
9 Sy sla ok ojlnl Ll 4 e Jobo mands p 1 s 40 ol 95 4l b (Fan etal., 2013) s oIS (et al., 2024



G5 9 5 il g aije) (b Sl s laLI)S 595 SIS Cliiod 4 da g b sl o ()15 yidi 0395 Cann Mg
@ il 9 i Lol ks )3 olgeplul Sis g 5 e el b iels Nlg e ol 5 5wl zoy b gd e
;1 (Chen etal., 2019) w3l (59 (o 50l g ol il Ol Lials g 559, s 5b p Lidul,d 95 51 s 4 Wl e lamo
8L 0392 gy lisy] Ll Sl (8L Wl o 0 Laomo 4y (RIS o8 (b LI L plga plil SiS 5 5 )y pRalS (B)b
sl ods 5,13 (Zhang etal., 2020) K5,34565 )5 Liduld g ol 95 cglie LU b olgn pll Kis g 5 059 LialS 859,

Sl S9re 5o Jsb Ko 2]y 00,8 (Sitwgd alaSS) g Gl 4 e o] 4g G pSls BaioS 5
Sy sy o I Sl a1 o 559 9958 ol Sigs5058 5 (oot it o JibgplS Ao CsMyg IS dna
ol ook 3l Bl pe T )55 (ANmed et al., 2020) sl (6595 Yl lalS Sl b Bg Ghitugd slalaSs,
Froger 0 5550 Sy) B ol Sly ol 45 onizmen 90,5 (3ttueg (Bl S5y it STl e pg sty S colled
(Fanetal, 2013) > sal5 ;3 b ga Jubg S glyime (5l381 (He etal., 2020) .ol (gp9588 €oMig)lS Eobs 5 Judg IS
CaoMyg IS dawgs g by 160,555 lddsee pisren .Cuwl 0 )15 (Su etal., 2023) 4,y (MERg et al., 2019) 15
29 86 (slalas > e & (Park & Jeong, 2020) 5,:5 e )13 Sae g 2 BVL 5 it Pl o5 e kulyd
A il b o5 b balyd )3 g S (glyime (Bl (S Slaios Sy gl Bos: Lo 1) Jide)lS (lime (008"
dr b rizzan 29 Jibo)lS' JsSse g g Cusdlyg)lS Bl il e oo b > 4 (e sS oSy
oiiild 5 G S g e bl sl (VL (5l S B s Jobo Sl el A il s zge Jsb 4l 4
#959055 2Ll SRRl cage (gt ooy, (clyime GRalS LTy ead olS Sy 5 A (o5 Sml cage 2l 4 A
(Gagetal., 2022) 335 o 425 BB e &1l piuwssd

398 OS] pln 5> sl 1 Bl (531 Sl b g 038 oo Jsho ol aomp> (lsis 4 laadssg)

Oliie Al oo ) (onnlBBeS T 1 (6305 ol 9SS Tpge Sl 535 (o 5l Jgiue (i 45935918 S o0 Clablos
a4 Al Sy oberdsn Joas J 4 sl 5Sae o o G Lalid ) sleagua)lS (slsime Sl &S sl
o5 yial38l (Alrifai etal2021) sl leue > ol je8 s ial3sl 4 gunl jo ¥ lih 4 LS Yl asle ,Son ailass,
N\ ol 013 555 (Alrifai et al., 2021) Jo,5 5 o1 95 Sl b Ldgi5e,8

> Gl ) Bkl s g o o )9 g 2> (St )5 CutS 4 bagt] ged o i ol iagh b
dmogeo 31 (6l Lt Guathleze B S5, 2bml (Lol Jgto 5 Ol )3 Jglono clodiliSS) 09,5 (v Finte 5 255552 yilhusgis]
Shoji et ) geys S (cgblS )3 o LED j95 il b opsliwgs] (clgie yiol38) (Alrifai et al., 2021) s b g o 9 b JS
oz bl 00l )5S o 55 Ll Lyl 40 jttes (ypiliosl 08 waass elod ol tals8l 4 Ltals3l s 4 (al., 2010
(Zhang et al., 2020) cul ol )5 4 dud (63905 b yiliwgis] mess iul38l 3 ianl ) 195,18 g jlo 263,S ly olbice Sy
Li &) 05 b5 )99 & Canmd o8 90l Sy (yiluangis] (lgime (s )3 VY a3l & oo bame & )3 )9 (b 8L
4 ke LED (slaygs (il 13,5 ()15 5 oy 595 il slacdgplio o 1y o g pidilp 9 51 liice (Kubota, 2019
(Azuma et al., 2019) 15 pluwgs] a5 b )38l

S S SapsSol dsl fine Gl g (tald )5 e 5 o 5 U ime% nl 3 odel sy @l bl
2 Qe (B A8 o (53 olS Sl g o )3 pulul (B 5 Canl adgl socslie ( ere 31 (S SitygSl sl

lviyalaxanthine
2 Zeaxanthine



(Ahmed et al., 2020) s> |38l 1) 55 bl s 4 coglie b 08 o M5 piliwgs] Ko yoSaol sl

GR13 Jdods Wnaigigdle ol Sl 1) 5 5 asgioM i (eSS )y G &S 392 o 31 (S iomen gy 0] gl
Sl elyls Y JaydeS lall ela 6ol gals g oy59,mn gawlinnSTy ials e Sl JEs! cud b YU Sl ol Ul
a olop pluil s g 5 yje il g olS by by Nadiee i | gyl (Zhang et al., 2020) L (gauto blas
oS 5 s Sl 125 sl olyo ("Bluy ) clabolie (350l Sy (lgieas 196 slacusibio wIiRS ok b Jsans 5o
) 8L Cos ) (sl bt Jalge g ytund sl 5 sl (e Sl 1 ot 5l65)] Gad digil (laclslie
@ Conl (Sean A yos jo il balyad )3 ASe3gMd o L3 l5ee 090 iaS Cpbulo (Treutter, 2008) g dqioxa) s> g 4i8,5
M5 5 48y e Aok g5 ol 385 5 5 Sl Jbo ol b8 SaS lmplINSits o lhs il 5 o e 3,
Sy Slgs o 5 ialy slygle dxdil (5 yme > (583 1,8 (Zhang et al., 2020) cutes  yaBuie (Jw )N jab 4ol e glie
Ol 35,80 glan ol (s tigd WaSS) wdg ¢SS ] pln @ bl slagusl Mo (Splie slasnlys
y9 -(Zhang et al., 2020) &S 50 |, idn <lyglo dmib] plph)> cladloe Jolatieds 5l clacplio Wg g lags 3l culled
29 Gl Ll b )3 435336 Jrtuge anlllas Cunl iy slgle il iSuiiglas oS yiagll TVO-TAD Zoe Job LA Ludnl
Lo 51 (30 0aiS g slogs ol Gl Gobo Sl wils ) 2 TgMeddes (nalil 4 e SRS g o (L A il
Owizmen o (5133 (Zhou et al., 2017) L ® 3k Tay=Y— J 5o Mg it 63 g " 5 g, 0um—Y—u595gMé L oSl Ao
I L"’(Jj L’),.{‘ uL.: &S Wloads as s .\,53;5)45 o g o )‘] c\.lb-).o OﬁJQ‘ 0191&4.3 l.a:oﬁ.ﬁl%- jroom odiS 88 LSL"’QE B e uL.uJ
S JHS (Slodize sl JSB @ 595 oy b SuglBliy 4l 5,8\ o )15 18t v Jaiilyh 558 5 o 5 (s bl
a5 WS e bl lalE s bl g Bk cla JiSwiew s & ol 9 manls e a8 bl (Zhang et al., 2020)
WS Joo glite bagslle cullad SKpod 5 Cusl yae 0T Coliste )95 £95 93 (nl U Laalpd 53 35 99 JUE (sl e
il Sl Ml e aSea] Liduld ol ol H¢ wglite jeuan siejls o ySls by 5l s o i Ll (Zhang et al., 2020)
(Chenetal., 2019) Ll y5 £ 93 oyl Colite il Laslydd )d W3gigMd a0 g

gene oSNl o5 G LS 5 2l G LED a5 (slayss b b 5 5,5 JS i 3 s gl
245 595 g (Solow 4 (SIS A5le s g (gt cilisee (sla 5 Ll 5 9 0392 Jlad sl (oS5l s 1 oS 0
(Yuan et al72024)@8eu o 4lis LS 3 8 ) 5 5o cp e I SO Gleieds 5 00 i LS j0 ianl )8 axdl b
A3 6 Dlgih oglizo & 00 4y a5 plojed s 4y dr GianlE g oy G bl > LB SliS 5 s (2ol
ol bl o o 8 mess il 38l 51 Sl daxie sl yo)l55 (Ahmed et al., 2020) sl (i G laisay jianl )3 o o
.(Zhang et al., 2020) 5,l> cillas pols Guis guls b oS b 0 LS o L8 LSy ade (iuli8l a4 oo WSg5gMe

Loyl odes (i s Of )3 o JB g oygdls Beo=Yeoe by JoSUge 59 b (b 49l clacgbio 5 29,3 ooyl
@l Wgd o wblid Sl ml ClSy plsisar Grizmen bl il ) Gl 3 olS gl b bl

! a-Tocopherol

2 Tried off

3 Chalcone synthase (CHS)
# Flavonoid-3-hydroxylase

® Dihydroflavonol-4-reductase



L oS (Alrifai et al., 2019) cuwl 0399 A (iailyd o8 il byl 50 by oS o 6l (slgioee Linl3dl 51 S clidos Sy
2o Slgd b ol 3o b

Syl Il G S5 55 b b 35 S lS eI T bl (34l 5 ol sty gl 4 x5

Alrifai etal., ) b, ¢ (Yuan etal., 2024) S,34545 (Lee etal., 2016) x> olS 5le oy juw 51 (65l (ST 51

Capmd 30,8 Jild Slau |l o (nalil carge 5 GiaL8 5 (o] 555 plojem L Casl 003 ()I3S (ol g9 LU 2 (2019
S slacdled (ial38l g a1 5T (o1 (lapiumn Ja05 b (2l yp GBU g 59 CudsS ol 0dd Sudy 9 (BG4
.(Pérez-Ambrocio et al., 2018) 5,135 o b oL 18> pivmw 4 bgryo cbaishd o 6595 a5lunS] o« Sglio sloes il

S 5 i
lordon § (SoiPn s Oluogad jil 4 prie j9 CudS )3 i 2 Syl Jiagh ol Cunsa @l S jsboas
i 5 Gl et 53 gl kS cpl s g 08 Sy Elisy] IS o A G 3 558 Bl OG5 Ll S 395
il Gasb 5l T LED jg 0,08 casls Jlis a1y (alo plisl (Sid 5 5 g il B8l wiomen Bl J5l G2l 2092 us A
s J5 0555 G5 cuieS Sl @ e Sl cd b g b adsio¥ (Fulosil (s oo ) slyme

N\
REFERENCES

Ahmed, H. A., Yu-Xin, T., & Qi-Chang, Y. (2020). Optimal contfal(Of environmental conditions affecting lettuce plant
growth in a controlled environment with artificial lighting:%A review. South African Journal of Botany, 130, 75-89.
https://doi.org/10.1016/j.5ajb.2019.12.018

Alrifai, O., Hao, X., Liu, R., Lu, Z., Marcone, M. R, & Tsao, R. (2021). LED-induced carotenoid synthesis and related
gene expression in Brassica microgreens. Jouknal®of, Agricultural and Food Chemistry, 69(16), 4674-4685.
https://doi.org/10.1021/acs.jafc.1c00200

Arnon, D. I. (1974). Photochemical activity and components of membrane preparations from blue-green algae. 1.
Coexistence of two photosystemsin relation to ehlorophyll' a and removal of phycocyanin. Biochimica et Biophysica
Acta Bioenergetics, 357(2), 231-245:https://doi.org/10.1016/0005-2728(74)90063-2

Azuma, A., Yakushiji, H., & Sato, A. (2019). Postharvest light irradiation and appropriate temperature treatment increase
anthocyanin accumulation _in gr}pe berry skin. Postharvest Biology and Technology, 147, 89-99.
https://doi.org/10.1016/j.postharvbio.2018.09.008

Brazaityte, A., VirsileyA., Jankauskiene, J., Sakalauskiene, S., Samuoliene, G., Sirtautas, R., & Duchovskis, P. (2015).
Effect of supplemental, WV-A irradiation in solid-state lighting on the growth and phytochemical content of
microgreens. International’Agrophysics, 29(1), 56-49.

Bungthong, P., &L apjityC. (2020). The effect of different LED light on growth and anthocyanin of hydroponic red oak
lettuce iny a jclosed system. In 1l Asian Horticultural Congress-AHC2020 1312 (pp. 227-234).
https://doi.org/10.17660/ActaHortic.2021.1312.33

Chang, C. C., Yang, M. H., Wen, H. M., & Chern, J. C. (2002). Estimation of total flavonoid content in propolis by two
complementary colometric methods. Journal of Food and Drug Analysis, 10(3), 3-15. https://doi.org/10.38212/2224-
6614.2748

Chen, X., Fan, Y., Guo, Y., Li, S., Zhang, B., Li, H., & Liu, L. J. (2024). Blue light photoreceptor cryptochrome 1
promotes wood formation and anthocyanin biosynthesis in Populus. Plant, Cell and Environment, 47(6), 2044-2057.
https://doi.org/10.1111/pce.14866

Chen, Y., Li, T., Yang, Q., Zhang, Y., Zou, J., Bian, Z., & Wen, X. (2019). UVA radiation is beneficial for yield and
quality of indoor cultivated lettuce. Frontiers in Plant Science, 10 (12), 1563. https://doi.org/10.3389/fpls.2019.01563

Fan, X., Zang, J., Xu, Z., Guo, S., Jiao, X., Liu, X., & Gao, Y. (2013). Effects of different light quality on growth,
chlorophyll concentration and chlorophyll biosynthesis precursors of non-heading Chinese cabbage (Brassica
campestris L.). Acta Physiologiae Plantarum, 35, 2721-2726. https://doi.org/10.1007/s11738-013-1304-z



Gao, M., Li, Y., Jiang, H., He, R., Shi, R., Song, S., & Liu, H. (2022). UVA-radiation exposure of different durations
promoted the growth, phytochemicals and glucosinolate biosynthesis of Chinese Kale. International Journal of
Molecular Sciences, 23(14), 7619. https://doi.org/10.3390/ijms23147619

He, R., Gao, M., Shi, R, Song, S., Zhang, Y., Su, W., & Liu, H. (2020). The combination of selenium and LED light
quality affects growth and nutritional properties of broccoli sprouts. Molecules, 25(20), 4788.
https://doi.org/10.3390/molecules25204788

Hui, X. U, FU, Y. N., LI, T. L., & Rui, W. A. N. G. (2017). Effects of different LED light wavelengths on the resistance
of tomato against Botrytis cinerea and the corresponding physiological mechanisms. Journal of Integrative
Agriculture, 16(1), 106-114. https://doi.org/10.1016/S2095-3119(16)61435-1

Huyskens-Keil, S., Eichholz-Dindar, 1., Hassenberg, K., & Herppich, W. B. (2020). Impact of light quality (white, red,
blue light and UV-C irradiation) on changes in anthocyanin content and dynamics of PAL and POD activities in apical
and basal spear sections of white asparagus after harvest. Postharvest Biology and Technology, 161, 111069.
https://doi.org/10.1016/j.postharvbio.2019.111069

Jamil, N., Zairi, M. N. M., Nasim, N. A. I. M., & Pa'ee, F. (2018). Influences of environmental conditions to
phytoconstituents in Clitoria ternatea (butterfly pea flower)-A reviews, Journal of Science,and Technology, 10(2).

Jiji, K., & Muralidharan, P. (2020). Neuropharmacological potential of Clitoria ternatea L. A review. Research Journal
of Pharmacy and Technology, 13(11), 5497-5502. \

Ke, X., Yoshida, H., Hikosaka, S., & Goto, E. (2024). Effect of red and blue light versus white lightion fruit biomass
radiation-use  efficiency in dwarf tomatoes. Frontiers in Rlant™ Science,% 15 (4), 1393918.
https://doi.org/10.3389/fpls.2024.1393918

Kedare, S. B., & Singh, R. P. (2011). Genesis and development;of DPPH method(of antioxidant assay. Journal of Food
Science and Technology, 48 (7), 412-422. https://dei.org/10.1007/s13197-041-0251-1

Kim, Y. J., Kim, Y. B., Li, X., Choi, S. R., Park, S., Park, S., & Park, S. U. (2015). Accumulation of phenylpropanoids
by white, blue, and red light irradiation and their organ-specific distribUtion in Chinese cabbage (Brassica rapa ssp.
pekinensis). Journal of Agricultural and Food Chemistry, 63(30), 6772-6778.

Kowalczyk, K., Sieczko, L., Borucki, W., Sujkowska-Rybkowska, My Mirgos, M., Niedzinska, M., & Gajc-Wolska, J.
(2022). The effect of LED and HPS assimilationdighting on‘leaf anatomy, chlorophyll and carotenoid autofluorescence
signals, and some physiological and chemical leaf traits related to the productivity of cucumber (Cucumis sativus L.)
in high-wire cultivation. Agronomy, 12(9), 2004, https://doi.org/10.3390/agronomy12092004

Kurniawati, E. Y., Pramono, N., Hidayat, S. T., & Mahati, E. (2024). Effect of Clitoria ternatea on follicle stimulating
hormone  receptor:  Molecular  docking “study/, Berkala Penelitian  Hayati, 30(1), 29-34.
https://doi.org/10.23869/bphjbr.30.1.20245

Lee, J. H., Oh, M. M., & Son, K. H. (2019). Short-term ultraviolet (UV)-A light-emitting diode (LED) radiation improves
biomass and bioactive compounds of ““kale. Frontiers in Plant Science, 10(11), 1042.
https://doi.org/10.3389/fpls.2019.01042

Lin, K. H., Huang, M. Y., & Hsu, M: I?.\(2021). Morphological and physiological response in green and purple basil
plants (Ocimum basilicum) under different proportions of red, green, and blue LED lightings. Scientia Horticulturae,
275(9), 109677. https://doi.org/10.1016/j.scienta.2020.109677

Liu, Y., Schouten, R. E;%kikdnov, Y., Liu, X., Visser, R. G., Tan, F., & Marcelis, L. F. (2022). Blue light increases
anthocyanin content and delays fruit ripening in purple pepper fruit. Postharvest Biology and Technology, 192(14),
112024. httpsu//doierg/10.1016/j.postharvbio.2022.112024

Luo, S., Zou, 3, Ship M., Lin, S., Wang, D., Liu, W., & Jiang, Y. (2024). Effects of red-blue light spectrum on growth,
yield, and phete-synthetic efficiency of lettuce in a uniformly illumination environment. Plant, Soil and Environment,
70(5). https://doi.org/10.17221/480/2023-PSE

Makkar, H. P., Blimmel, M., Borowy, N. K., & Becker, K. (1993). Gravimetric determination of tannins and their
correlations with chemical and protein precipitation methods. Journal of the Science of Food and Agriculture, 61(2),
161-165. https://doi.org/10.1002/jsfa.2740610205

Meng, X. Y., Wang, Z., He, S. L., Shi, L. Y., Song, Y. L., Lou, X. Y., & He, D. (2019). LED-Supplied red and blue light
alters the growth, antioxidant status, and photochemical potential of in vitro-grown gerbera jamesonii plantlets.
Horticultural Science and Technology, 37(4), 473-789. https://doi.org/10.7235/HORT.20190048

Nagano, S., Mori, N., Tomari, Y., Mitsugi, N., Deguchi, A., Kashima, M., & Watanabe, H. (2022). Effect of differences
in light source environment on transcriptome of leaf lettuce (Lactuca sativa L.) to optimize cultivation conditions.
PloS one, 17(3), e0265994. https://doi.org/10.1371/journal.pone.0265994



Park, S., Cho, E., An, J., Yoon, B., Choi, K., & Choi, E. (2019). Plant growth and ascorbic acid content of Spinacia
oleracea grown under different light-emitting diodes and ultraviolet radiation light of plant factory system. Journal of
Bio-Environment Control, 28(1), 1-8. https://doi.org/10.12791/KSBEC.2019.28.1.1

Park, Y. G., & Jeong, B. R. (2020). How supplementary or night-interrupting low-intensity blue light affects the flower
induction in chrysanthemum, a qualitative short-day plant. Plants, 9(12), 1694. https://doi.org/10.3390/plants9121694

Pérez-Ambrocio, A., Guerrero-Beltran, J. A., Aparicio-Fernandez, X., Avila-Sosa, R., Hernandez-Carranza, P., Cid-
Pérez, S., & Ochoa-Velasco, C. E. (2018). Effect of blue and Ultraviolet-C light irradiation on bioactive compounds
and antioxidant capacity of habanero pepper (Capsicum chinense) during refrigeration storage. Postharvest Biology
and Technology, 135, 19-26. https://doi.org/10.1016/j.postharvbio.2017.08.023

Quettier-Deleu, C., Gressier, B., Vasseur, J., Dine, T., Brunet, C., Luyckx, M., & Trotin, F. (2000). Phenolic compounds
and antioxidant activities of buckwheat (Fagopyrum esculentum) hulls and flour. Journal of Ethnopharmacology,
72(1-2), 35-42. https://doi.org/10.1016/S0378-8741(00)00196-3

Ozarowski, M., Piasecka, A., Gryszczynska, A., Sawikowska, A., Pietrowiak, A., Opala, B., & Seremak-Mrozikiewicz,
A. (2017). Determination of phenolic compounds and diterpenes in roots of Salvia miltiorrhiza‘and/Salvia przewalskii
by two LC-MS tools: Multi-stage and high resolution tandem mass,spectrometry withyassessment ‘of antioxidant
capacity. Phytochemistry Letters, 20, 331-338. https://doi.org/10.1016/j-phytol.2016.12.001

Rafeie, M., Shabani, L., Sabzalian, M. R., & Gharibi, S. (2022). Pretreatmentwith LEDs regqiates antioxidant capacity
and polyphenolic profile in two genotypes of basil under salinity stress. Protoplasma, 259(6), 1567-1583.
https://doi.org/10.1007/s00709-022-01746-1

Shibuya, T., Takahashi, T., Hashimoto, S., Nishiyama, M., & Kanayama, Y. (2019). Effects of avernight radiation with
monochromatic far-red and blue light on flower buddinggzand expression,of flowering-related and light quality-
responsive genes in Eustoma grandiflorum:y, Jourhal of Agricultural Meteorology, 75(3), 160-165.
https://doi.org/10.2480/agrmet.D-18-00041

Shoji, K. A. Z. U. H. I. R. O, Goto, E. I. J. I., Hashida, S. 'H. I. N. N} ofSiu. K. E., Goto, FU M. LLY. U K. I, &
Yoshihara, T. (2010). Effect of red light and blue light on theanthocyanin accumulation and expression of anthocyanin
biosynthesis genes in red-leaf lettuce.? Journal of Science and Higl Technology in Agriculture, 22(2), 107-113.

Silalahi, M. (2021). Clitoria ternatea L. Fabaceae. dmyEthnobotany of the Mountain Regions of Southeast Asia (pp. 317-
322). Cham: Springer International Publishing. https://doi.org/10.1007/978-3-030-38389-3 113

Soufi, H., Kalaji, H. M., Hamidpour, M., & Malekzadeh, K. (2024). The roles of light in a plant factory: photosynthesis
efficiency and gas exchange parameters of lettuce ‘as.afunction of light spectra. Greenhouse Plant Production Journal,
1(1), 1-26. https://doi.org/10:61186/gppj.1.1.1

Su, P., Ding, S., Wang, D., Kan, W., Yuan, M., €Chen, X., & Wu, L. (2024). Plant morphology, secondary metabolites
and chlorophyll fluorgscence of Artemisia argyi‘under different LED environments. Photosynthesis Research, 159(2),
153-164. https://doi.org/10.1007/s11120-023-01026-w.

Suarna, I. W., & Wijaya, I1'M. S. (2021).Butterfly pea (Clitoria ternatea L.: Fabaceae) and its morphological variations
in Bali. Journal of Tropical Biodivers\y and Biotechnology, 6(2), 63013. https://doi.org/ 10.22146/jtbb.63013

Treutter, D. (2006). Significance offflavonoids in plant resistance: a review. Environmental Chemistry Letters, 4(3), 147-
157. https://doi.o¥g/10.1007/s20311-006-0068-8.

Taghizadeh, M. (2025). LiquuaIity, cytokinin type, and media affect the regeneration, growth, and fluorescence
parameters of Syngonium podophyllum Schott “Emerald Green” in vitro plantlets. The Journal of Horticultural
Science and'Biotechnology Latest Articles, 73, 1-14. https://doi.org/10.1080/14620316.2025.2475252.

Vidana Gamage, G./C., Lim, Y. Y., & Choo, W. S. (2021). Anthocyanins from Clitoria ternatea flower: Biosynthesis,
extraction, ‘stability, antioxidant activity, and applications. Frontiers in Plant Science, 12, 792303.
https://doi.org/10.3389/fpls.2021.792303

Wagner, G. J. (1979). Content and vacuole/extravacuole distribution of neutral sugars, free amino acids, and anthocyanin
in protoplasts. Plant Physiology, 64(1), 88-93. https://doi.org/10.1104/pp.64.1.88

Wang, T., Sun, Q., Zheng, Y., Xu, Y., Liu, B., & Li, Q. (2024). Effects of red and blue light on the growth, photosynthesis,
and subsequent growth under fluctuating light of cucumber seedlings. Plants, 13(12), 1668.
https://doi.org/10.3390/plants13121668

Wargent, J. J. (2016, May). UV LEDs in horticulture: from biology to application. In VIII International Symposium on
Light in Horticulture, 1134 (pp. 25-32). https://doi.org/10.17660/ActaHortic.2016.1134.4

Yuan, L. U. O,, Lin, Y. E., Wen-zhong, G. U. O., Xin, Z. H. A. N. G, Yi-han, L. I. U., & Xiao-li, C. H. E. N. (2024).
Influence by supplementary red and blue light on the growth and development of greenhouse tomatoes and
fluorescence characteristics. Chinese Journal of Agrometeorology, 45(05), 506. https://doi.org/10.3969/j.issn.1000-
6362.2024.05.006



https://doi.org/10.1016/j.postharvbio.2017.08.023
https://doi.org/10.1016/S0378-8741(00)00196-3
https://doi.org/10.1007/s10311-006-0068-8
https://doi.org/10.1080/14620316.2025.2475252

Zhang, X., Bian, Z., Yuan, X., Chen, X., & Lu, C. (2020). A review on the effects of light-emitting diode (LED) light on
the nutrients of sprouts and microgreens. Trends in Food Science and Technology, 99, 203-216.
https://doi.org/10.1016/j.tifs.2020.02.031

Zhao, J., Thi, L. T., Park, Y. G., & Jeong, B. R. (2020). Light quality affects growth and physiology of Carpesium triste
Maxim. cultured in vitro. Agriculture, 10(7), 258. https://doi.org/10.3390/agriculture10070258

Zheng, L., He, H., & Song, W. (2019). Application of light-emitting diodes and the effect of light quality on horticultural
crops: A review. Horticultural Science, 54(10), 1656-1661. https://doi.org/10.21273/HORTSCI14109-19

Zhou, B., Li, Y., Xu, Z., Yan, H., Homma, S., & Kawabata, S. (2007). Ultraviolet A-specific induction of anthocyanin
biosynthesis in the swollen hypocotyls of turnip (Brassica rapa). Journal of Experimental Botany, 58(7), 1771-1781.
https://doi.org/10.1093/jxb/erm036

Zhuang, L., Huang, G., Li, X., Xiao, J., & Guo, L. (2022). Effect of different LED lights on aliphatic glucosinolates
metabolism and biochemical characteristics in broccoli sprouts. Food Research International, 154, 111015.
https://doi.org/10.1016/j.foodres.2022.111015



