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Responses of Brassica microgreens to LED light spectra
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ABSTRACT: Microgreens are seedling-stage vegetables that contain higher nutrition values than their respective
mature stage. Hence, they are being popular among health-loving consumer and their production in controlled
environment condition by using LED lighting has already begun. Light spectrum is the critical factor affecting the
growth and quality of produces grown under artificial lighting. Hence, the objective of this study is to investigate the
effects of light spectra on growth and some health-benefit phytochemicals of 3 brassica microgreens namely;
Broccoli, Arugula and Purple kohlrabi. Three studies were conducted for each brassica microgreen by using a
randomized completely block design with 3 replications and 6 LED light spectrum treatments consisting of white,
red, blue, and red and blue with ratio of 2:1, 1:1 and 1:2, respectively. The light intensity and photoperiod were
controlled at PPFD 150 umol-m™s™" for 12 h per day. The air temperature was controlled at 25 °C and the relative
humidity and CO, concentration in the grow room ranged between 65-80% and 350 +50 ppm, respectively. All
microgreens were harvested 12 days after sowing. The results revealed that red light gave the highest height, fresh
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weight and dry weight while white light gave the highest chlorophyll content for all microgreen species. Light
spectrum with high blue light proportion promoted vitamin C and DDPH antioxidant capacity. Nevertheless, the
optimum light spectrum promoting carotenoids and phenolic compounds varied with microgreen species.
Keywords: plan factory; light emitting diodes; pigments; vitamin C; antioxidants

Unin

@ '

Aniduemsifinnudidyrenyudnsziduuadimiunasindousniinnudndusemaueddueessieane ns

q

FuUsemudnitlifeane MlkssmeiAanadulielfanlsassiudunsedes wu Tsalafinans aufislsaienss 1wy
Tsauzide I8 Mnmenulasnismumuaniunisaitasianssiiunutiosiumuaylsaldfadedesdlulsanalny e,
2560-2562 ln8 finsy waslvedSeuavany (2563) aussonasmiuaulsalifinde nsuauaulsa wudt Tl 2559 nqulsaly
finsai3a3a (Non—communicable diseases; NCDs) {uammudnvesnindeiinvesaulne wasnidusosas 73 vosaing
nadeTinianan werdndususuduredan Tnefimsuslnnewnsdnuaznaldidlifemeduniduiladodes nduavlne

sulnifildlasieguamisiundenuslaednunniu dwaliidnfiazeauazUasnasivisduiifoinisvemainiasdininid

geliieanaiuaudents Weudeanmsiivlnvesdudiemisquaimvesdsemelnglul 2560 nuitnaindiyadd

=

Uszanas 60,000 duum iiadwanUiuanlaeddnsinisiiulaussinm 11.5% (Audidendnsing, 2560) meanuiud

VBINTERASNAVNINAING danaligafianisndndnvasnaisiviaiulanuluaie lnednjunnuniuasiagdaniand
¥ o o = a

Usgynsnuudunilguslaaniiiad@edunaind Ay Iufnnnunereunvzadainlaenasiivludesieandldineuas

o

valunisuds nilddumalulagnisndadividnisuunldundadnlugeos lun walulagnisudafivlussuulaiiniuny

o

anmngenynagiiigIdesiunsugniiy waeiindulute “lssundniis” (plan factory with artificial lighting; PFAL)

=GOl

ansandnfivlagliinisldasidndngiie ldlinnsuuleudunuazydunidnelsala g nandniiaauan axe1n AMAING

waziiusnwleuiundn (Kosai et al, 2016) Tullaguu nswaaiialu PFAL dludszwalnaisuduiiunsvarsunduluy

nyunnumuAskazilatngusewme (Mosaleeyanon, 2021)

v
A v Yoo

nildludszinnvesinaunmasivangdmsunisuanlulssnundaiivl fe dndugeunielulasn3u (microgreens)

v
a Y Y a

Faduiniiuieslussezdusugoy o1guszann 10-12 Jundasumng Tluides 1 ¢ warenafiluasnnguielifld ded

A a 1

vownsusaufe fauamadasunisianindnedafesiudedulafui (Xiao et al, 2012) nssusnsudn ldgeenn 14

q

fufides wazdadiussdnsammsldndsnulniigendtnisndadnyindu iesendiongnisiiuieadu (Pattison et al,
2018) egalsinu nsndadndussufivhulsanundafediduuigninsdalusvastauazdndusesdmiglusaig

N7 fatly Msuiayad1vasduf (value added) ifudndugeuiindnly PFAL Fanagnsnnisnainiiavasnusegelal

1%

HuilaasdnAuanlunistedndugeundnlussuy PFAL 1uilaa lumsifiuyarduailviuindugeuniinly PFAL A1l

q

Usglewidiufuilanffemsiiunaainislaswinisuazansngnuindludnduseulifunnduniiniswastuulaadasssuyf

a '

f91e9ud wUnesukamsenueIrfuLaddvsnadenssydulakarnsas s nuelvasitvnvgnanglauaaiiey

v
a o a % 1

agailfadity Qinglu (2020) MenuUIUANEadRALAHAINRUARAIY 85:15 FeLiuANgeasiugaungna1ua Aniaa
av3NauazinnIAdeAllafisuiulawanvaenamigeaisasus Lobiuc et al. (2017) s1ga1uiuasdiiiuduasunis

WiiulavatlufedasimvinanvesugoulnsnMaiusileiwasauns wazdidaasunisadunaslsilad 1o uaziouln

1%

lggnfulageninddu lurusiuasdunsduasunisadisansiuednuazansdeduenyadasyludusoulnseniugdiden

v v
o a o 1

Meas et al. (2020) 18UIANENTENIFUAarFUIRY dadu 70:30 dnalvivugeudnlvniuiininandiusen Aae
Taflad 1o U uazio+T ualsfiuesd woulnloendu wavAanssusesueyyadass (DPPH) gandiuasdvnn dunsuaztntuiiies

ais aedu msldladanaslunsiiuauamiadasuinisuasarsngnwadludndugeunugnly PFAL Saduisiinisd

Usgdngnings wazliidesgeennlunisdnmiaguazaunsaidulaiianiu lesnnisudndugeuly PFAL desdinisloiuas



U s 52 atiufl 5: 936-949 (2567)./doi:10.14456/kaj.2024.xx. 938

Wienundugaueguds wazlagiu undwemdnuadesldunnian loun vaealaleaasas (Light emitting diode:
LED) Inagaiurednasn LED Aomnnuusendanasanu lun1sudandinuuasiviniu vaen LED Tdndsulniidesniy
yaenlWUseLnndu N1skiuaen LED Ssanunsadenaiunasuiasinesnisinuitsladneie (Kozai, 2013)

ama"Lsﬁ’mu FYNUNANITI

o

pdvsNavesaUnASILaan1sa s nadivesiie it undliiduiauna sy
wasfiiuszansnmlunsanasunisamgnueidusandeiulunueinvesasuazuansaiueenluaaniaiis Faa
Fududesdnvimanefunasimanzaufunmsdisansngnuadedadng q veduudazviadinduseu fednluisdngran
(Brassicaceae) l9i¥umnudienthuviindugousnnninfitluneddu ilosaniinumannnanesusiauazddu faudms
Tnwuinisge uazdsilansngnuaiingungledluian (glucosinolates) Fsiignasefiulsauzisa uazwuldomgialuied
nevdniviniudngae fnlusdnevdfifinisiuniindugoudldun azirlundn (kale) ufenlad (broccol) oygnan
(arugula) fnn1adeaud (mustard) wsies (radish) fnn1asa (Chinese radish) waznezvaUy (kohlrabi) susu (Dereje et
al,, 2023) ‘17|"shumﬁqﬁmsﬁﬂ‘mSw%wamaqalﬂﬂm%’am'amia%ﬁamswqﬂmﬂﬁiuﬁmaﬁﬂwﬁwﬁﬁwLLé’u Craver et al. (2017)
Wisuisuanadunasduns (R) ¥idu ®) fiden 6) warwsisn (FR) Minauiiludadausing 9 3 sULUU Ag R8T:B13,
R84:FR7:B9 uag R74:G18:88 sonsaramgnuailudusoutsdngman wudn uas R87:813 Wusuueaelsiladludugou
ngnaunazinnaleIUdgeniiuamandn 2 suuuy Tuvaeiiuas R87:813 uay R84:FR7:B9 TriuSunaueulnlveiuly
ﬂwﬁ’wﬂmqﬂﬂimaa R74:G18:B8 fimuidunas 315 pmolm2s! wazlumensefudy was R84:FR7:B9 TiuSuafiued

2571 waysne91uved Bantis (2021)

nywludugeunsmanvugendiuas R74:618:88 fiszfuauiduuas 150 umolm
WisuisunsiasgiulauasUSinungnuaiivessuseuisdngvan 2 wia fnniadenud wazusie andviswavesaunadu
WAINAL YIS (R) Waznidu (B) 3 dndau Ao 1:2 (RB2) 1:5 (RB5) wa 1:9 (RBY) wun RBY LiindSunamwesuisazaeth
Ialudnnadenud uasdfivansuszneuiivealuusiv RB2 Winaaelsilad 1o warualsiueedliiudinnindeud luvmei
wshiv Feans RB5 lunsiiiuraelsiad 1o T uazuplsfivesd

NNk TI msliadnefuiamanssridunsiuihituudadiulinaiiirenisadansngnuaily
Fugoursdnguan agndlsfinumsdnuiuninidenldindiussrinsdunuasdiiiufiiosnsdadiuindy liesousqu
dnanandoslumunauiwasdiiien (monochrome) fis Aunsuardniiu uazvianisisouiiioutuuaddan (full
spectrum white lisht) FeflaiUnmsunadlndidsatunasoriinglusssum e nsnsrudeyadvinavesalnaiunawianis
afumangnueilludnduseuiianysanntuuenandisairaneluladmsnandusevlulssnundefsliilnsunisuay
asngnuailvigedadunsfiuyadilidudnientuidulsslovidesuslnaud Swneifindsyansamnsldndanulyiin
Tunisugnsugeulssie WosnidialaloniUauas (LED chip) usardiiazthinussneuiunaenalil fiussdninmnsuiey
Ul dundsnunafiuananeiu (Nelson and Bugbee, 2014) sﬁaaﬂaaLUﬂmi"uﬂ'mmzﬁmﬁuﬂuﬂixiwﬁumi

sonuuvaiavaealil LED dwsulgnindugeuniiussdnsamnisldndsnuiiasuldsie fngussasdveinsidelis

v
o a a

AOINITANBIDNINAVDIALUNATULAINANTZUINALANALFUIRY wasdine) (Fuatuazduitu) Lardv1nenis asgLivle

wansaseansddgidauamadavunnislusiusewisdnevan 3 viia laun viealad evnan uwaznewaUul

AmsAnEn
= g o a A a s ° avy 1 & a .
nsAnwiiuvsesndu 3 nsveaeswenausiaiy 3 sialursdnguaiud lawn uiealad (Brassica oleraceae
var. italica) 823081 (Eruca sativa) Wagngnaruuduiae (8. oleraceae var. gongylodes) kiazn1IMAaeIdIzn15ANYI
wilowiu lnglduauni1snaassuuy randomized complete block design 3 €1 (nae9) Auvdenmusunuslanaslnueads
niianuduuaswisiudy 3 lsudgn nssuitvnassfouanasaueadiniiawnasuuawinaiu 6 awnasu laun 1) dun
(W) 2) &un (R) i peak g9anogf 660 nm 3) -5) Aunananunduludadiu 2:1 (R2B1), 1:1 (R1B1), 1:2 (R1B2) aua sy



KHON KAEN AGRICULTURE JOURNAL 52 (5): 936-949 (2024)./doi:10.14456/kaj.2024.xx. 939

wazdiiu 8) 7 peak geanogl 450 nm (Figure 1a) Audunsnnass a HoaUjuRn1smaassinendis aninunsenans
NININTSITIVIARGLAWAGRY WIMedoulsms seriadeuliunesiatueieu w.e. 2565
wnzwinfigusazyiaatlundomatafinuuin 319 x 817 x g9 WU 11 x 11 x 6 v, Mlalafin guivas® u3en
gluvierhdy Srin WuTanumnendn wagveenwdnlusns 300, 400 uaz 400 widn/ndes dmuuienlad ozgnauanzudn
Undahg mudiu (Snsnsldwdeldunanmsinvidestumsnsnisléudaiivmngan) lsewdelinszeaiiauonou
ol Tadndosudailunsdudiin Wewdnsenifunit 50% vesszrnsiivesn Jadadndesuwdadnelundddu
Ugnuuisiiusiazduiiuiionn 60 x 60 ns.eu. Fautseanidu 3 Teufianudunasieiu wiofiutuugn 45 eu. fadsld

meavaonlilieads USEnTia olnsma 911in U LED Batten Plug and Grow 50 cm 3-RD-N000212-215 wu1@ 20 né

aaa =

(Figure 1a) Usznausisnasnueadiauni aune 411Gy waswiisnegnas 3 naonsesaduiu dmaoauoasiuraza
ansadanazUanazuuanudunawmendudasy dauﬁwmamﬁwmiﬂ%’uamnm%’maqLLﬁas%uﬂqﬂmwuﬂiiuiﬁﬂWi
yaapsfifesnaniouusuaiduuas a gafnatsesusazdulgnlifiaviniu 150 pmolm s uasidlotndaamsla
Tasn3usnnanuleulgndsinsesnluangaienatsuasdienudunasanas shnsusuanudunaddivindulasnsuyy
napameliiguinlndvaealwieadfiuniu THuaunfusounaniu 12 vu/fu Snweudilutagnglvinasiyniulaens

Wuazeeshasluiagmiznouwisain puguaumgiennialuiiesi 25 °C lagldinasusuenia Juiinanududuimsuay

a

Usunaufieansueulneenledluiosgnnuindaiuisuwdaseglugae 65%-80% way 350£50 ppm a1uadiy iiuiie sy
Lulasn3unnitviieny 12 Jundwweawda ihluduiinanugs dmdhasuaztimtnuisiosu wasinsziansddyninmue
malawunis lenn eaelsilad 1o, O, 1o+0 wazualsfiuses Me3Bn15u83 Holden (1976) 3m1iu & m1e38n15wes Roe et

al. (1948), a15MuednsIn A3875 Folin-Ciocalteu colorimetric method (Jennsal uagamy, 2559) wazansdonuayya

v aa

da3¢ DPPH A1875n15v84 Lee and Yen (2006) Fias1eviadnuuwdsusiuvesdoyanisiasaiiule wuazusunuansdfgyi

ANAIMIAYUINTT anuANULANAe1litud Ay eaia WisuiiiuAady 9835 Duncan’s Multiple Range Test

'
@ A

fisvuanuderiu 95% (p<0.05)

NaN1SANYI

v
°

Figure 1 LanAULINY0LES (photosynthetic photon flux density: PPFD) wazdndiuvasduns @130 uagdin

Juluraeaueindy 400-700 nm (photosynthetically active radiation: PAR) vosusazaneSunadddidunssuis

1 uAldnEILYeIALAY L WEILATUN

naaensall YnnTIUITEANUTkasTIlndlAgaiy agluyis 150.6 - 155.6 pmolm s

Ruiluanenaiu nssudsn 1 awnesudens W) JunssudSifeiluasddetsgiewasiiegis 36.04 umolm™s™ nisesey

Y

az 24 uazviaanliueadanltlunisnaaedinasdintuuasdunsiianuenaiuwatadn (peak) og¥ 450 uag 650 nm

q

AU (Figure 1b)



U s 52 atiufl 5: 936-949 (2567)./doi:10.14456/kaj.2024.xx. 940

Table 1 Light intensity (umol-m™-s™") and percentage of red, green and blue light for each of LED light spectrum

treatments used in the experiment

Light spectrum PPFD (umol-m™s) Percentage by light intensity

treatments Red Green Blue Total Red Green Blue
White (W) 65.78 36.04 49.50 151.3 43 24 33
Red (R) 152.3 0.336 0.079 152.7 100 0 0
R2B1 99.96 0.375 50.30 150.6 67 0 33
R1B1 81.52 0.492 73.63 155.6 50 0 50
R1B2 51.54 0.667 98.77 151.0 33 0 67
Blue (B) 0.267 0.835 151.7 152.8 0 0 100

(a) (b)
Figure 1 a) the vertical growing tier equipped with LED lighting fixture and b) Light spectra of LED treatments namely,
W (white), R (Red), R1B1 (R:B = 2:1), R1B1 (RLB = 1:1), R1B2 (R:B = 1:2) and B (blue)
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Figure 2 Height (a-c), shoot fresh weight (d-f) and shoot dry weight (g-i) of broccoli, arugula and purple kohlrabi
microgreens respectively as affected by 6 LED light spectra namely, w (white), R (red with maximum peak
at 650 nm), B (blue with maximum peak at 450 nm), R2B1 (R:B = 2:1), R1B1 (R:B = 1:1) and R1B2 (R:B = 1:2),

the error bar indicating the standard error (n = 3)
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Figure 3 Chlorophyll a (a, b, c), chlorophyll b (d, e, f) and chlorophyll a+b (g, h, i) of broccoli, arugula and purple
kohlrabi microgreens respectively as affected by 6 LED light spectra namely, w (white), R (red with maximum
peak at 650 nm), B (blue with maximum peak at 450 nm), R2B1 (R:B = 2:1), R1B1 (R:B = 1:1) and R1B2 (R:B

= 1:2), the error bar indicating the standard error (n = 3)
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Figure 4 Carotenoid (a—c) and vitamin C (d —f) of broccoli, arugula and purple kohlrabi microgreens respectively as
affected by 6 LED light spectra namely, , w (white), R (red with maximum peak at 650 nm), B (blue with
maximum peak at 450 nm), R2B1 (R:B = 2:1), R1B1 (R:B = 1:1) and R1B2 (R:B = 1:2), the error bar indicating

the standard error (n = 3)
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Figure 5 DDPH scavenging activity (a—c) and total phenolic compound (d—f) of broccoli, arugula and purple kohlrabi
microgreens respectively as affected by 6 LED light spectra namely, w (white), R (red with maximum peak
at 650 nm), B (blue with maximum peak at 450 nm), R2B1 (R:B = 2:1), R1B1 (R:B = 1:1) and R1B2 (R:B = 1:2),

the error bar indicating the standard error (n = 3)
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