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Abstract

The aim of this study was to investigate the effect of different light sources on the levels of
glucosinolates (GSLs) in rocket salad (Eruca sativa L.). The light sources used in the study
were: natural light (Control-1 or 2), red light-emitting diodes(LEDs), blue LEDs, mixed red
and blue LEDs (R+B LEDs), white LEDs, fluorescent lamps (FL), and fluorescent lamps plus
UV-C (FL+UV-C). Two separate experiments were conducted [Experiment I: Control-1, Red
LED, Blue LED, Mix (R+B) LED and Experiment II: Control-2, White LED, FL, FL+UV-C]
because of the limited number of growth chambers in our laboratory. The rate of increase in
the length of rocket salad leaves was the highest under red LEDs and, FL confirming that red
LED and, FL affect the growth of rocket salad. We separated and identified seven types of
GSLs from the rocket salad:glucoraphanin, diglucothiobeinin, glucoerucin, glucobrassicin,
dimeric 4-mercaptobutyl GSL, 4-methoxyglucobrassicin, and gluconasturtiin. The highest total
GSL contents in Eexperiment I was found in plants grown under in red LEDs (4.30 pmol-g’
dry weight, DW), and the lowest under blue LEDs (0.17 pmol-g"' DW). The highest total
GSL contents in Experiment IT was found in plants grown under FL (13.45 umol-g"' DW),
and the lowest in FL+UV-C (0.39 pumol-g"' DW). Especially in Experiment II, the content
of dimeric 4-mercaptobutyl, which has a strong aroma and spicy flavor in rocket salad, was
higher under FL and white LEDs than in Control-2, increasing by approximately 14.9 and 3.2-
fold respectively. Therefore, light sources such as red LEDs, white LEDs and FL affected the
accumulation of GSLs in rocket salad.

Additional key words: fluorescent lamp, glucosinolates, HPLC analysis, light emitting diode
(LED), UV-C
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Rocket salad(Eruca sativa)= 2| %57} YAEx] o | W vlls=1H Brassicaceae) 2 40l &35} o[&he]o ol A= Tucola’, = o A]
= ‘ackerrauke’, YEof| A= kibanasuzushiro’ 2 2Fed 4] QIth(Kim et al., 2006). T35t rocket salad2] 9]-& F1=Ho] 2 W11
AR B} Qo U=t B-g Al = o] 8 EH, o E|oof A= AubA|E], mhArt w2t Fof AREE| AL QlTHJirovertz et al,,
2002). E5] 1} =k rocket salad 2] glucosinolates(GSLs)2} 1 E-3AFE<1 4—mercaptobutyl isothiocyanate ITC)2} 32 0]
Z o ghiobA g, EtE| ot a7 QlthFenwick et al,, 1983). 0] 2ol H] & 3 24N, P, K) %l #]2]of] w2 rocket
salad U] % GSLs 90| NO| H]g0] L/ 10}4] 11, pO] H:&o] 4842 sobAIm K ©] 1} o] wfe} £ GSLs 91 s}
LI 4TS el 92 2102 1|9tk Chun etal, 2015),

GSLs= 2 AA-F hfolal gl vis=at 4129 22} tiAEoIth GSLst= ofn| kAt 25 E AMd =11 aliphatic,
indolyl, aromatic GSLs 2 ~2-5ICHFahey et al., 2001), GSLs+=myrosinase®]| 2J3]| 7[435l =] o] ZF2}isothiocyanate, nitrile,
thiocyanate?} glucose = HZHFTHFenwick et al,, 1983), £3] isothiocyanates+=E%-& A5ljol= A42-& 7} 11 Q) 01 719t
¢k, =50l a3 1S Hat A A ofdkSo] o] SHoHZhang and Talalay, 1994; Talalay and Zhang, 1996). @z{712] A
T Axlef] 9J61HA rocket saladof|= 7Z&F(glucoraphanin, sinigrin, diglucothiobeinin, glucoerucin, glucobrassicin, dimeric
4-mercaptobutyl-GSL, 4—methoxyglucobrassicin)2] GSLs” | ZAoH= 7.0 2 X 11%]0] QIthKim et al,, 2007),

A Q4 5 ShQl g2 A= o] A B 22 tiAkkE el ThofdtthLee etal, 2014), 21z Afef o] F2 o] &
Sl=mEeeto| s YU a o] Wil o] Zhon, e T aa0] 20% w08 Feh ol fratt AT E0]
A cHPark et al., 2012). o|2]gt ZAIE Hekolr] flof /i U tho] 2 E(Light Emitting Diode, LED)=="go] 411 212
4ego] o] ZA|Ho|ckHwang etal, 2004), 58] 24 LEDE FEHAIoN G247 545k 132) 60mmel 7174 4]
= Aol dpAo|m Al dell 4 LEDE ZAse o] GSLs gdo] 7Fske 2.0 & Halk o] QItHLefsrud et al,, 2008:
Massa et al,, 2008). Floll= LED2} 225 o[ 83l A2 5= ZTHo] obd red, blue LED-2- 2175] 231610 ARGSIT:
1514 o](Wasabia japonica)2] 73-9-red LED2} blue LED-S T+ mH0 2 Z| 2|82 tj Hc} R+B(Red+Blue)}2 | 2|gt 1715
Yolol EAgFo] ZFz} oF 1.6, 3 28 = UTHKim et al, 2013). Ak} (Ultra—violet, UV)-2 mkgof w2t UV -A (320-400nm),
UV-B(280-320nm), UV-C(200-280nm)& LREACHSchenk et al, 2011), 71 % UV-C= 3}5} kS-S o] 07 4124
DNA 2412 715t 24 QlthDanon and Gallois, 1998), Y- 450] UV-C ZAR= H= S3tE, Z2]otd] 5 tiokeh2
2F tiE ] A A7) AL, of2fet 22 thiAkE-E Bt BAdS 7AW AFEe] FEoll Pk 713t Jansen et al,,
2008). -2t 3 H2H(Diospyros kaki cv. Fuyw)ol] UV-CE 227+ ZAISISIS wf 2Ao] F71E]11 22} thabikz: & shiel
carotenoid 31| =751 tHChoi, 2011),

QAR LED ZAPF A4 6] APgolut a2 e 7Ha E, i 5) ool mlxl= A9 Ak Eol HarE It
(Wu et al., 2007; Wang et al., 2009), T}oFst LEDZ- 80t ol 2} 2 (&A1 A a2} B] w5to] A1=4| U] GSL geke 24
A= 79| gtk B3 UV-C= 48 5 Al 30 nE @4 {2 ofl Tt o]l 5 ek, whebA] 2 Aol A
= rocket salad®] GSL AJSHY 10 ke 7]x]= 33 [Red LED, Blue LED, Mix (Red+Blue) LED, White LED,
Fluorescent Lamp] 9 UV-CE ZAfole] A124] A48 Al el 545 GSL 82 2Afshsck

Acetonitrile(CH,CN)¥} methanol(CH,OH)-2 J.T Baker Chemical Co.(Phillipsburg, NJ, USA)Z-& 415121}, Sodium
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acetate(NaC,H,0,-3H,0)-> Samchun Pure Chemical Co., Ltd.(Pyeongtaek, Korea) -2 AR5ttt A 57121 DEAE-

Sephadex A—25+= GE Healthcare Bio—Sciences AB(Uppsala, Sweden), sinigrin(2—propenyl GSL)T} aryl sulfatase(type
H-1,EC 3.1.6.1)%=Sigma—Aldrich Chemical Co.(St Louis, MO, USA) A& AF235}FICt

A= 20iF 2 Al 2

201529 20, rocket salad ‘ODY SSEY’(Sakata Seed Company, Yokohama, Japan) ZAFE-ZFtlsh QA H s
shg a2 AofA &2 1 EFo|plug tray 72 2)o]| YA AEES Ea1 12HAF 1), 29 25U ofj=22HA S IT) T DAS, days
afersowing, T 747 Q491510 2 TH) ZAL AR 6550] A BTUS ZAI| S AR e At e

o L2 13} 1217 12 7825104 43851530k, Rocket slad 7K ikl 5 afatefet -2l 2 o 2211 £
o](plug tray 72 Z)of] Y& AFE (high, Punong bed soil, Gyeongju, Korea) & 2 & &-2 H2| 1 W o8- 2k @8 mt3l o}
AR 37125 31 oS D, 01 P ) il 0 9 1
S0 20 %7 23 B b3 o o] ARAE ol Edfolis o] 2 A Zo 2 SATYT, PhL 7
o|A] (21 DAS)71A] o1Eo] §F ¥ Z|5|E ] Aulistc) - 041222 DAS(A 1,39 13 A 11,3 18°‘)Oﬂ 50
FHZ 12 RS Al LE(145 X 145 X 160m’)of| T2 AES E11 o453t o] A5t ZE(145 X 145 X 16cm’)
+ o] 2= ol FoIr f2ld W 2571 28°C o o] EE Higo] Fotal At o & ¢ 74—r3’— Agoll=
Al frefdel ol ol Afafistaict. 24 AHl0-41DAS) FF A1EA| EE= T4 A 0 = HljA|sto] & 2w miet
AAEFO 2 o) F AAX Al 28-S FUsHA SHiT
AlSof] ARRE B2 21K Control—-1 T 2), Red LED(640nm), Blue LED(430nm), Mix(R+B) LED(Red LED+Blue
LED), White LED, Fluorescent Lamp(FL), Fluorescent Lamp+UV-C(FL+UV-C) 7%570]it}h 41 DAS(AH [ 49 1Y; A
A1, 49 5)of| 213 Control -1 Fi=2) AR A1EAR= ASsiA] fal2 Aol A Auiskal, Qe8¢ A8 AEAl= 4
B8R 2872 (growth chamben)® EE 2 274 Red LED, Blue LED, Mix(R+B) LED(3 1), White LED, FL,
FLAUV-C(A¥ )2 5U@1-46 DAS) £2t ZAGH, X]/g'l'?—‘ﬂ'g 46 DASo|| 315190t} Mix(R+B) LED’ 9] 235} Hl&-&
Red: Blue=7: 30]QT} A2 *ﬂﬂﬂ%}_@_ﬂx} Y5 3hgL e spQlof|A] £ 24/15°C, Bk 55%, B (W7]/247]; 16/8
h)= 74310} k. A g2 B Aol SUsAl 180um01/m s AL, LEDFE AEA] ZdFollA, FLt
UV-C=SHolA 7‘40}0““3} FRL UV-C= 59 59 ] AR wf, 2427t ARSI, 24 331 0] sgwdo] AlaAlof «F
SO ZALE] =5 A E S 510l S A AJARIGEC & o) FAIAH Itk 48kt 215 Qo] A fresh weight) 7} ZolE =
SR w0 g TR ML S Akl G nhg o U= AR S -70°C g A2 YEale] Hytslo] &
A 7AZR7t Fof| Hpe} BpAPY R o} S,

d—V.L

oL
L
N o
(95

Az A= 100 mg-2 A7Fste] 2.0mL-Eppendorf tubeo]] €11 70%(v/v) boiling methanol (1.5SmL)-2 11 X529t
(vortex) SFICt 1% GRe=Z(70°C)ol| A 5827 Z(crude) GSLs & F&51, PA41E2](12,000rpm, 10min, 4°C)SF o] Ak=
2 AN SN, FUT 0= 20 B W T 2SS Fopsi

Mini—column 5-71-8 DEAE Sephadex A—25+= 32} Z50520]| 1509 oo frof| W2 Th2- 32} Zo2m7} 7 o] w7 of
2o sodium acetate(0.5 M)= H* Jej 22 243} A7t S5 2] H © 2 92 mini—column(1,000uL pipet tip)of] 23}
EI DEAE Sephadex A—252 @& 5 GSL ZFE5-8 7|7} A7 2] §3A| F2]51 pasteur pipet 0.2 24 19t 2EE0|

o} ]9 32} 255 2mLE 29 510 mini—columno]] HolQls B8-S AASKITE 32 2457} o wiA U7 ke
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W= (paraffin film) © 2 A9 of=f] 122 1h37 aryl sulfatase solution 75uL-S 217, mini—column $] F-5-& ul2tH U=
27 16-18A17F Bk ARof A Ax|519ic) the Y 2 0mL-Eppendorf tubeo]] 32} 2£4(0.5mL X 33])2 desulfo(DS)-
glucosinolate E--&EA| 7t F&A171 A| B+ 045um hydrophilic PTFE syringe filter(%]7 13mm)& HE{$FS, HPLC-& vial
3ol ol W ket

HPLC &4

GSL 248 Inertsil ODS-3 column(150 x 3.0mm 1.d,, particle size 3um)Z} 7}= A H-L Inertsil ODS-2 cartridge Guard
column E(10 x 2.0mm I.d., particle size 5pum)(GL Science, Tokyo, Japan)-2“FZFeFHPLC system(Agilent Technologies 1200
series, CA, USA)YE ARSI A< 5 (detection wavelength)-2- 227nm, A S -2 5= 40°C, -3-Hflow rate)S 04 mL-min™' 2 A4
gttt A= 2597 (automatic injector) S AR8510] 10.0uL FUSHATE o 54 -8HL -8 AGR} Zo) @t -8l
B(acetonitrile, CH,CN}E AR8-51{EE. -84 Bi= A AIRFE 252712)= 0% & -F- 21X 713 72782 0%0114] 10%= S7HA7
1, 165 7F1= 10%0014 31%2 Z7 X Z30E 198 7F21%= 31%S 82 A1 7| 1 21 871A] 31%0014 0%2 734, 278 712] 0%S
GAAZAL}, ZF GSL AJEL L B 52191 sinigrin @] HPLC | 3 T2} 7 A 2.0] 218 1| w51o] Z1 Zkof| response factor
= 55} AeFsHumol-g ' DW)5FIT

LC-ES-MS 240f| 2|5t DS-GSL &3

ZF DS—-GSLs AE-2 4000 QTrap LC-ESI-MS/MS system(Applied Biosystems Instrument)& AR5 O = A ALY
2 Inertsil ODS-3 column(150 X 3.0mm Ld., particle size 3um)2 AF85}T}. 7H= AL Inertsil ODS-2 cartridge Guard
column E(10 x 2.0mm I.D., particle size 5um)(GL Science, Tokyo, Japan)E- AF&5FITE A70A|7Hscan time)-2 1.0s, 23 &
L= 400CE A5t A7 Q] (scan spectra)= m/z 100-1,000, 7% T3 (detection wavelength)-2 227nm, -G (flow
rate)-2 0 4mL-min™' 2 7SI} Al 2= A5 A 259 7] (automatic injector) & AR5 10.0ul FI5H3Ac)

HPLC £4 A1}= Microsoft Office Excel 20102 ©]-&5}o] Z+ AEo] tfist slake] Witgta} 3WkE-0] WS 519
o} EA A7 T2 13- Windows-8 IBM SPSS 21 Statistics-2 AR5} G-2]4-52.0,05 o]5h= A
2 A1) IS BRI

oA

[l [] ‘Red LED’, ‘Blue LED’, ‘Mix LED’2] ZA}0j| [}2 A4 S 1}

339[Control-1,Red LED, Blue LED, Mix (R+B) LED]o| TF2 334-8- 5217} 28] 5lof|A] 4124 Zo)= Red LED’(62.21)
oM S7H&o0] 7Fd =4, MixR+B) LED'(24.76%)0A] S71H&0] 71 WdthTable 1), 24415 Red LED'(15.72)9F
‘Blue LED'(15.94 )7} =910 T 2] 1 2 o] S Ho|z]| ¢Iofrh, 4-E51kS Red LED'(93.0) > Blue LED'(92.92) >
‘Control-1'(92.53) > Mix(R+B) LED’(90.78%) <=0 & Z+ASic}, Red LED’ 2] 48421 o] & F-E(phytochrome)2 A1E-2]
o} gxo| dichi} A5z A12-o] thoket AlalahA HESof THoisl1 (Botto et al, 1996), ‘Blue LED = A}20] ¢ =74 2]
(Johkan etal, 2010)5 92| 7153 PRIt wfebA] AZA]|of] AR FE T} ol 55 F4dhe F- 8019 Twoll Wt 2=
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Table 1. Plant growth (n=3) of rocket salad grown with different lights for five days

Plant growth Experiment |
Control-1 Red LED Blue LED R+B LED’
Before treatment (cm) 12.67+2.31aw 12.33+0.58a 12.67+0.58a 13.33+1.53a
Height After treatment (cm) 17.57+1.05a 20.00+£2.55a 19.23+1.05a 16.63+1.58a
Rate of increase (%o) 38.67 62.21 51.78 24.76
Fresh weight (g) 13.05+1.70a 15.7242.09a 15.94+343a 11.36+1.27a
Dry weight (g) 0.95+0.10a 1.10£0.15a 1.13£0.25a 1.05+0.12a
Water content (%) 92.53+0.71a 93.00+0.05a 92.92+0.16a 90.78+0.58b
Plant growth Experiment II
Control-2 White LED FL* FL+UV-C
Before treatment (cm) 16.00+£2.00a 13.33£3.79a 13.33+4.16a 13.33+4.16a
Height After treatment (cm) 2447+045a 19.77£1.63a 2147+0.87a 19.8043.72a
Rate of increase (%) 52.94 4831 61.07 48.54
Fresh weight (g) 24.514£327a 15.05+6.08a 26.77+4.96a 18.9748.57a
Dry weight () 2254027 1.150.36b 2.35+0.30a 1.64+0.54ab
Water content (%) 90.82+0.31a 92.15+0.72a 91.16+0.74a 90.85+1.73a

“Control-1 or 2, grown in the greenhouse.

"Mix (R+B) LED,

Red + Blue (R:B=7:3).

*FL, Fluorescent Lamp.
“"Within each column, values follow by the same letters are not significantly different atp <0.05, using Tukey’s multiple-range test.
Mean + standard deviation.

O] 7ol A LERdtHLee and Kim, 2014). 7]} 4] Red LED' @} Blue LED' FAR= A2 4] o] o, 91 77, 7H
SF5 220 AelA Y FAUAML 2 AolA= Red LED' 9} Blue LED ZH-72]21Q1 5 2o = 11T

[4% 1l] ‘White LED, FL’, FL+UV-C2| ZALoj| 2 442+ &3}

39 (Control2, White LED, FL, FL+UV-C)o] Th2 3722 5917+ 22 sjolla] 4124 Zoli= FL'61.07)00 714 5.2
S7H&2 H310H, White LED'48.31%)0ll4 7P B2 57H-S& B q{rh(Table 1), AAIF-2 FL'26.77)014 71 =5koH
‘White LED'(15.05 g)ol}H 71 B9t @35 2AH= LED 230] wla} 4 thelo] tiofol| o] 2120] o] o}
11 B 1%|QIcHPark et al,, 2012), 29FRS ‘White LED'(92.15) > FL'(91.16) > FL+UV-C’(90.85) > ‘Control-2"(90.82%)
=0 =2 A QlFg o] w2 rocket salad O] A2 et 7Ho] foli= Q19 ot FAISHA frol g2 7o) vehtA] ¢kot
tHp<0.05).

GSL=2| ¥ =4

Rocket salad W GSLsE HPLC®} LC-ESI-MS= 245t Ax} 7]&9] ¥HEH rocket salad2] GSLs+= glucoraphanin,
sinigrin, diglucothiobeinin, glucoerucin, glucobrassicin, dimeric 4-mercaptobutyl-GSL, 4—methoxyglucobrassicin= H 1!

A THKim et al,, 2007), £ Ao A+= 7579] GSLs(glucoraphanin, diglucothiobeinin, glucoerucin, glucobrassicin,
dimeric 4-mercaptobutyl GSL, 4—methoxy glucobrassicin, gluconasturtiin) & #2] 2 5461 tHTable 2, Fig. 1. and Fig. 2.).

[4% 1] ‘Red LED’, ‘Blue LED', ‘Mix LED'®] ZAo|| (H2 GSL &t

339][Control-1, Red LED, Blue LED, Mix(R+B) LED]o] t}2 348 527} 2]a] 5o 4] 2+ GSL A1E 9 3lef # o)

rr

glucoraphanin(0.10), diglucothiobeinin(0.11), glucoerucin(0.22), glucobrassicin(0.06), dimeric 4—mercaptobutyl GSL(0.03-
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Table 2. Glucosinolates identified using LC-ESI-MS in rocket salad

No.” RT Name Molecular weight (m/z)* Response factor”
1 9.58 Glucoraphanin 357 1.07
2 12.35 Diglucothiobeinin 521 1.00%*
3 15.12 Glucoerucin 341 1.04"
4 16.04 Glucobrassicin 368 029
5 16.68 Dimeric 4-mercaptobutyl GSL 652 1.00*
6 17.02 4-Methoxy glucobrassicin 398 025
7 17.30 Gluconasturtiin 343 0.95
“No., the elution order in HPLC analysis.
*RT, retention time (min).
*As a desulfo-glucosinolate.
“The international organization for standardization (ISO 9167-11992). *Undecided by the ISO.
*According to Clarke (2010).
mALl : A
] 5
251 |
20 | 6
15 4
104
— 5 : 1
o) ] | 3 4
< ] ©o
\E/ 0 ] 8 . i Ll !
2
B 5 10 15 20 25 ™
c o
3 3004 5
s ‘
2504 B
! |
200 ‘
150
100 _
50 ] .
1 2 3 417 |
0 4 F ” O, LN M
5 10 15 20 25

Retention Time (min)

Fig. 1. HPLC chromatograms of glucosinolates extracted from rocket salad grown under natural sun-light (A, Control-2) and
fluorescent lamps (B). Peak numbers refer to the glucosinolates listed in Table 2.

3.40), 4—methoxy glucobrassicin(0.10-0.29), gluconasturtiin(0.11pmol-g™' DW).© & L}ERFTHTable 3). Kale sprouts A{HH A]
‘LED’®} Far-red ]| Tk & aliphatic GSL 2 ZARGH A1} Far—red (3.50) > Blue LED’(2.94) > Dark’(2.80) > Red
LED’(2.64)> ‘White LED’ (2 48umol-g™' DW) <=0 & ZF4A-3ItHCarvalho and Folta, 2014). “12{ut & A 3ol A & GSL g

Horticultural Science and Technology 183



T2 LED, S, U-C AP 22 H2{E L 2RI =201 E S0 0|2 |= T

DS-glucoraphanin [m/z 358, (M+H)*] DS-glucobrassicin [m/z 369, (M+H)*]

Intensity, cps
Intensity, cps

DS-diglucothiobeinin [m/z 522, (M+H)'] "+ DS-dimeric 4-mercaptobutyl GSL
" [m/z 653, (M+H)']
g (M+H)* §
(M+Na)* - .
a5 T = l l (M+Na)*

DS-glucoerucin [m/z 342, (M+H)"] DS-4-methoxy glucobrassicin [m/z 399, (M+H)*]

Intensity, cps
Intensity, cps

Fig. 2. Mass spectra of glucosinolate(GSL) isolated from rocket salad.

Table 3. Glucosinolate contents (umol/g dry wt.) in rocket salad grown with different lights for five days

Experiment [

No.” RT Name Control-1 Red LED Blue LED R+BLED
1 9.58 Glucoraphanin ND* 0.10+0.12a" ND ND

2 12.35 Diglucothiobeinin ND 0.11£0.12a ND ND

3 15.12 Glucoerucin ND 0.2240.17a ND ND

4 16.04 Glucobrassicin 0.06+0.00a 0.06+0.00a 0.06+0.00a 0.06+0.00a
5 16.68 Dimeric 4-mercaptobutyl GSL 0.03+0.06a 3.40+3.76a ND 0.05+0.05a
6 17.02 4-Methoxy glucobrassicin 0.11£0.05a 0.29+0.17a 0.11£0.02a 0.10+0.02a
7 17.30 Gluconasturtiin ND 0.11+0.05a ND ND
Total 0.20+0.10a 430+4.16a 0.1740.01a 0.21+0.04a
Experiment Il

No. RT Name Control-2 White LED FL FL+UV-C
1 9.58 Glucoraphanin 0.08+0.08b 0.20+0.05ab 0.45+0.19a ND

2 12.35 Diglucothiobeinin ND 0.04+0.08b 0.23+0.03a ND

3 15.12 Glucoerucin 0.07+0.06b 0.17+0.02b 0.57+0.12a ND

4 16.04 Glucobrassicin 0.06+0.00a 0.06+0.00a 0.08+0.00a 0.06+0.01a
5 16.68 Dimeric 4-mercaptobutyl GSL 0.54+0.48b 1.91£1.65b 11.124£2.12a 0.08+0.14b
6 17.02 4-Methoxy glucobrassicin 0.16+0.03a 0.39+0.31a 0.38+0.01a 0.14+0.11a
7 17.30 Gluconasturtiin ND 0.14+0.25ab 0.62+0.29a 0.11+0.19ab
Total 0.90+0.61b 291£2.26b 13.45+1.85a 0.39+0.44b

“No., the elution order of glucosinolate.

*RT, retention time (min).

*ND, not detected.

“"Within each column, values follow by the same letters are not significantly different at p<0.05, using Tukey’s multiple-range test (n=3).
Mean + standard deviation.
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Table 4. Individual glucosinolate proportions (%) of the total glucosinolate content in rocket salad grown with different lights for five days

. Dimeric

Light source Gluco-raphanin D.1g1u.cc.y Gluco-erucin -~ Gluco-brassicin ~ 4-mercaptobutyl 4—Metho>.<y. Gluco-nasturtiin Total GSL content

thiobeinin GSL glucobrassicin (umol/g DW)
Experiment [
Control-1 NDz ND ND 30.00 15.00 55.00 ND 020
Red LED 233 2.56 5.12 140 79.07 6.74 2.56 430
Blue LED ND ND ND 3529 ND 64.71 ND 0.17
R+B LED ND ND ND 28.57 2381 47.62 ND 0.21
Experiment II
Control-2 8.89 ND 7.78 6.67 60.00 17.78 ND 0.90
White LED 6.87 137 5.84 2.06 65.64 13.40 481 291
FL 335 171 424 0.59 82.68 2.83 461 1345
FL+UV-C ND ND ND 1538 2051 359 2821 0.39

“ND, not detected.

2 ‘Control-1'(020)7} H|wWsHES ), Red LED’'@30)04= oF 2148 =931 Blue LED'(0.17)7} MixR+B)
LED’(021pmol-g™ DW)ollA= i HA-skAM A9 et AA71A] A2 o] ©6HH Red LED'=3-9] HoflA HE 71 =|
9 GABHEE Z7PAZICT BT W etal, 2007), 2 AT Red LED' ZAJo] ufe} Control-1' el 71517 g1t
© glucoraphanin, diglucothiobeinin, glucoercin, gluconasturtiin®] <7513t} Red LED’ 9] & GSL g = 714 =2 vl
2 YehH AE-2 dimeric 4—mercaptobutyl GSL.© & 3] 2] 79%E- 2}:A5}31.© ¥, 4—methoxy glucobrassicin ©] 6% 1 Tt
F 08 =2 HIE-S AR[SFITHTable 4), whebA] [ 9 115 B #2415) 2 A}, Red LED o]l A Al rocket salad 7} 71°5-4]
o MHES Rog pek

[4% Il] ‘White LED, ‘FL, FL+UV-C'2| ZAlo|| (h2 GSL &2

¢ (Control-2, White LED, FL, FL+UV-C)o| tE Z&& 5U7F A2 spolld zt 48 9 = W9
glucoraphanin(0.08-045), diglucothiobeinin(0.04-023), glucoerucin(0.07-0.57), glucobrassicin(0.06-0.08), dimeric
4-mercaptobutyl GSL(0.08—11.12), 4-methoxy glucobrassicin(0.14-0.39), gluconasturttin(0.11-0.62umol-g™ DW)© & 1}
Efttt Carvalho and Folta 2014)%= ‘far—red’, Red LED’, Blue LED’, ‘White LED 9| A] kale sprouts 2] indolyl GSLs $F
< H|wet A7} ‘White LED’(0.09umol-g™ DW)= T2 Z(HH 0.15)%C F 40% Qith ESH glucobrassicine
‘Dark’(0.18)0]}4] Er} ‘White LED'(0.06umol-g ' DW)ol|A] 67% Woktal B 11t} Fx]gh . A gl ol A= indolyl GSLs &
HE2T)= 4-methoxy glucobrassicin?} glucobrassicing H|W3] 2 A} ‘White LED'(039, 0.06umol-g DW)7}
‘Control-2°(0.16, 0.06) 2t} 2 48} Z7 kAL L5t 2 A4 F GSL &= FL'(1345) > ‘White LED'291) >
‘Control—2°(0.90) > FL+UV-C’(0.39umol-g™ DW) &0 2 7445}t o] A= FL'7} ‘White LED || H]5}] Red LED’9}
Blue LED"9] 1pg-2- 3rgloto] g o oo] tiefolr| mhzl 210 = Afa bw, 45=o]] FL'2} 'White LED & AR A9
oA QtEAJoRd FEFo] ‘White LED R Tt FL' A2 Lol 4] oF 38l & =9 ch(Park et al,, 2012). T=3F ‘White LED’?} FL
ZAte] W ‘Control 2 ol A= AE%] 2] 2491 diglucothiobeinin, gluconasturtiin®| 71513t 42F wff rocket saladof| 4]
735t 7|9 8- ukS- U= 77} 3 (Bennett et al,, 2002)©] $=dimeric 4-mercaptobutyl GSL©] FL’of|4] & GSL 2]
82%2 2}2|5}53.2H, ‘Control-2'9} ‘White LED= ZF2F 60%, 65%, FLAUV—C'o]|A4] 20.51%2 2}2|5}2Ict.

Choi(2011)°]] &5 F- TS 72k § UV-CE ZAFoFE f 22} thAMFES] carotenoid @] F7FsHlrta Bl
Shlrh Lefut ARl olA= AlEe] A A 03] 9= UV-C ZAb <o |2tal AT ARHI Y 28)S ZASHIAIREE-GSL

3] ‘Control-2'] ©F43 4% 0] GIrt. HERY, FL' ¥ H|w sl HokS o) Ut FL'O| 16A13F9] leEo] QAT & GSL

rr
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ol FL'O] 9F2.9% <=0 3irt. ofof mhtrocket salad 0] UV-C' FAR= A= 22 9] DNAZA ]| 21342191 &2 7}
o M APE-S A 071 7 © 2 K ltHDanon and Gallois, 1998), waba] 22} 2 2]7-E H] ol B4 512 A3} FL ¥} ‘White LED’
O A rocket salad7} 71540 2 71175 Ao lek it BEtIo] G UV-CS}GSL31o] iAo dhef Al 28
A maE e Anar

2=

013 33 o]| W= rocket salad (Eruca sativa L,) U] GSL -2 ZASHIT] A of| ARSIl 0] Zi5= 213 (Control -1
= 2), Red LED, Blue LED, Mix(R+B) LED(Red LED+Blue LED), White LED, Fluorescent Lamp(FL), Fluorescent
Lamp+UV-CFL+UV-C). B¢ A= 47| v Alet wfizofl [4 9 I:Control-1, Red LED, Blue LED, Mix(R+B) LED]
7} [A3] IT:Control -2, White LED, FL, FL+UV-C]& JL25}0] 4=88519Jrt. 71 A} Red LED@} FLOJIA rocket salad ] &)
9] Ao)o] F71go| 7P =2t} 18] 22 Red LED2}FFLO] rocket salad 2] 44737 A7} 21-2-2- SHQ19ICE Rocket salad 2
BE % 7359 GSLs(glucoraphanin, diglucothiobeinin, glucoerucin, glucobrassicin, dimeric 4-mercaptobutyl GSL,
4-methoxy glucobrassicin, gluconasturtiin) = 2] 2 =451t} [AE oA & GSL 3k Red LED@30)0]4] 714 &=
1 Blue LED(0.17umol-g” DW)ol|A] 7k dotth [A9 MolA & GSL 2k FL(1345)9A4 71 =31 FL+UV-
C(0.39umol-g' DW)ol|x] 7} Lokt E3| Rocket salad 2] 73t o} o} & Bl ol dimeric 4—mercaptobutyl S-S
(43 o1 Control-2¢] I3} FLT} White LED7} 2k2} 149, 3 26 Z7FCY. w4 Red LED, White LED, FLL rocket
salad] GSL 2740 ek oIk gk,

271220 9335, glucosinolates, HPLC 54 light emitting diode (LED), UV—C

’

Literature Cited

Bennett RN, Mellon FA, Botting NP, Eagles J, Rosa EA, Williamson G (2002) Identification of the major glucosinolate (4-mercaptobutyl
glucosinolate) in leaves of Eruca sativa L. (rocket salad). Phytochemistry 61:25-30. doi: 10.1016/5S0031-9422(02)00203-0

Botto JF, Sanchez RA, Whitelam GC, Casal JJ (1996) Phytochrome a mediates the promotion of seed germination by very low fluences
of light and canopy shade light in arabidopsis. Plant Physiol. 110:439-444. doi: 10.1104/pp.110.2.439

Carvalho SD, Folta KM (2014) Sequential light programs shape kale (Brassica napus) sprout appearance and alter metabolic and
nutrient content. Hortic Res 8:1-13. doi: 10.1038/hortres.2014.8

Choi SJ (2011) Enhancement of skin color by postharvest UV irradiation in 'Fuyu' persimmon fruits. Korean J Hortic Sci Technol
29:441-446.

Chun JH, Kim SB, Arasu MV, AL-Dhabi NA, Chung DY, Kim SJ (2015) Combined effect of nitrogen, phosphorus and potassium
fertilizers on the contents of glucosinolates in rocket salad (Eruca sativa Mill.). Saudi J Bio Sci 24:436-443 doi:10.1016/
j.5jbs.2015.08.012

Clarke DB (2010) Glucosinolates, structures and analysis in food. Anal Methods 2:310-325. doi: 10.1039/b9ay00280d

Danon A, Gallois P (1998) UV-C radiation induces apoptotic-like changes in Arabidopsis thaliana. FEBS Lett. 483:131-136. doi:
10.1016/50014-5793(98)01208-3

Fahey JW, Zalcmann AT, Talalay P (2001) The chemical diversity and distribution of glucosinolates and isothiocyanates among plants.
Phytochemistry 56:5-51. doi: 10.1016/S0031-9422(00)00316-2

Fenwick GR, Heaney RK, Mullin WJ (1983) Glucosinolates and their breakdown products in food and food plants. CRC Crit. Rev. Food
Sci Nutr 18:123-201. doi: 10.1080/10408398209527361

Hwang MK, Huh CS, Seo YJ (2004) Optic characteristics comparison and analysis of SMD type Y/G/W HB LED. J KIIEE 18:15-21.

Jansen MA, Hectors K, O’'Brien NM, Guisez Y, Potters G (2008) Plant stress and human health: Do human consumers benefit from
UV-B acclimated crops. Plant Sci 175:449-458. doi: 10.1016/j.plantsci.2008.04.010

Jirovetz L, Smith D, Buchbauer G (2002) Aroma compound analysis of Eruca sativa (Brassicaceae) SPME headspace leaf samples using

186

Horticultural Science and Technology



AS
=

>
o]
o
ogh

I
on

, UV-C AP 22 H2{E L SR DA[=0|E 230 0j2 = 3%

GC, GC-MS, and olfactometry. J Agric Food Chem 50:4643-4646. doi: 10.1021/jf020129n

Johkan M, Shoji K, Goto F, Hashida SN, Yoshihara T (2010) Blue light-emitting diode light irradiation of seedlings improves seedling
quality and growth after transplanting in red leaf lettuce. Hort Science 45:1809-1814.

Kim SJ, Kawaharada C, Ishii G (2006) Effect of ammonium: nitrate nutrient ratio on nitrate and glucosinolate contents of
hydroponically-grown rocket salad (Eruca sativa Mill.). Soil Sci Plant Nutr 52:387-393. doi: 10.1111/j.1747-0765.2006.00048 .x

Kim SJ, Kawaharada C, Jin S, Hashimoto M, Ishii G, Yamauchi H (2007) Structural elucidation of 4-(cystein-S-yl) butyl glucosinolate
from the leaves of Eruca sativa. Biosci Biotechnol Biochem 71:114-121. doi: 10.1271/bbb.60400

Kim SJ, Ishii G (2007) Effect of storage temperature and duration on glucosinolate, total vitamin C and nitrate contents in rocket salad
(Eruca sativa Mill.). J Sci Food Agr 87:966-973. doi: 10.1002/jsfa.2787

Kim HR, You YH (2013) Effects of red, blue, white, and far-red led source on growth responses of Wasabia japonica seedlings in plant
factory. Korean J Hortic Sci Technol 31:415-422. doi: 10.7235/hort.2013.13011

Lee GR, Kim YJ, Chun JH, Lee MK, Ryu DK, Park SH, Chung SO, Park SU, Lim YP, Kim SJ (2014) Variation of glucosinolate
contents of 'Sinhongssam' grown under various light sources, periods, and light intensities. CNU J Agr Sci 41:125-133. doi:
10.7744/cnujas.2014.41.2.125

Lee JS, Kim YH (2014) Growth and anthocyanins of lettuce grown under red or blue light-emitting diodes with distinct peak
wavelength. Korean J Hortic Sci Technol 32:330-339. doi: 10.7235/hort.2014.13152

Lefsrud MG, Kopsell DA, Sams CE (2008) Irradiance from distinct wavelength light-emitting diodes affect secondary metabolites in
kale. Hort Science 43:2243-2244.

Lin C (2002) Blue light receptors and signal transduction. Plant Cell 14:207-225. doi: 10.1105/tpc.000646
Massa GD, Kim HH, Wheeler RM, Mitchell CA (2008) Plant productivity in response to LED lighting. Hort Science 43:1951-1956.

Park JE, Park YG, Jeong BR, Hwang SJ (2012) Growth and anthocyanin content of lettuce as affected by artificial light source and
photoperiod in a closed-type plant production system. Korean J Hortic Sci Technol 30:673-679. doi: 10.7235/hort.2012.12020

Schenk M, Raffellini S, Guerrero S, Blanco GA, Alzamora SM (2011) Inactivation of Escherichia coli, Listeria innocua and
Saccharomyces cerevisiae by UV-C light: study of cell injury by flow cytometry. LWT-Food Sci Technol 44:191-198. doi:
10.1016/j.lwt.2010.05.012

Son KH, Park JH, Kim D, Oh MM (2012) Leaf shape Index, growth, and phytochemicals in two leaf lettuce cultivars grown under
monochromatic light-emitting diodes. Korean J Hortic Sci Technol 30:664-672. doi: 10.7235/hort.2012.12063

Talalay P, Zhang Y (1996) Chemoprotection against cancer by isothiocyanates and glucosinolates. Biochem Soc Trans 24:806-810. doi:
10.1042/bst0240806

Wang H, Gu M, Cui J, Shi K, Zhou T, Yu J (2009) Effects of light quality on CO2 assimilation, chlorophyll-fluorescence quenching,
expression of Calvin cycle genes and carbohydrate accumulation in Cucumis sativus. ) Photochem Photobiol B.96:30-37. doi:
10.1016/j.jphotobiol.2009.03.010

Wu MC, Hou CY, Jiang CM, Wang YT, Wang CY, Chen HH, Chang HM (2007) A novel approach of LED light radiation improves the
antioxidant activity of pea seedlings. Food Chem 101:1753-1758. doi: 10.1016/j.foodchem.2006.02.010

Zhang Y, Talalay P (1994) Anticarcinogenic activities of organic isothiocyanates: Chemistry and mechanisms. Cancer Res 54:1976-
1981.

Horticultural Science and Technology 187





