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Effects of the Combination of Different Wavelengths of Additional Light Supplement on Growth
and Polyphenol Contents of Broccoli Sprouts Grown in Indoor Production System

Tomoo MAEDA', Kenjiro MAEKAWA!, Masami TODA!, Chihiro OHSHIMA? and Hideo KAKUTA?,
Takashi SUZUKI' and Katsuji OOSAWA!
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Abstract

The objective of this study is to evaluate the effects of various conditions of additional
light on the growth and polyphenol contents of broccoli sprouts. For the purpose of an
efficient investigation, an experimental equipment which was emulated a commercial pro-
duction system was developed. The effects of the combination of different wavelengths of
light sources were evaluated on the hypocotyl length, fresh and dry weight and polyphenol
contents in broccoli sprouts using this experimental system. Forty eight hours of additional
light in the following two types of combinations: 1) white fluorescent light and black light;
2) red fluorescent light and black light, significantly enhanced polyphenol content, while
showing much less effect on shortening hypocotyl length and no effect on dry weight
in comparison with the commercial condition. These results suggest that additional light
supplement combined with black lights (UV-A) leads to an increase of polyphenol content
and an enhancement of antioxidative activity in broccoli sprouts with only little negative
effects in appearance and yield. B

Keywords:  antioxidant, Brassica sprout, flavonoid, light intensity, polyphenol, UV-A
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B ORERMORENLEDICA S OFFOEBRREICKE
ZROLAFELNTETEY), PTHHEHOLATSIFE
TGRS RVWEShTWS P, 20T, 79K
AR ED WAL EZINEWE T, TOELD M
LREZIZLOE T AT ST AR B R T2 HESh
TWB YD, F72, ANTATT7oRIELOELIAVF T
—MEEWE, A AT AERADAEESN TN Y,
Ty =2, F 7 a— Ryt F L ORSEEE T
ELTITRIA N LAY EBIZHEITNTVREIENHE S
nTwT™®, o758 74 ML kO LEEA
WESELL TS TWA, $72, AV F AT TRA—MLEY
DANTHTT 7/ REDREETH LT NAT 7 7= % Bkl
WEIDLBECELERESN TV * 0 Zeds, Tava
)—=AT T MLE R L L TERShTWA.
FEHOITREPNCERE L2 AlR R T A3 N c7aya) —%
BLOEMEDT 7R RDATITINDRGEEERTT-T
W5 (Fig. 1). 2o HRXTiE, BHShZZBARNIZBNT, A
THHTCEREHCTRATIVMEEENS. 20720,
JEEREE - E BLO MR e & D4 BB 2 5\l
TEDIFHMEALTBY, WhWAHY THHIZHEIh LA
S ETH A, IEAE, AGMEKLT, AIWNTANTTBE
OEHEEDF Y A4+ —F (LED) &% 7z N TRHIC
Xt T hERLSh, EEROMELEDITHIhT
WBH, ZDIFEAETIRE—NREZH VTS, 72, 3
B OB AR OB REVE B & i ICE TR L 7 plid A
B, FO—FT, A7 MDEFREZHIHTLIEICK
S TS & B2 Bl 3 A FE A5 4E B AN e > TETHD),
HBRBEDSINEEDR) T2 ) — VG I BT VI

R, REOBLKUZYE (EC) AL TILY LAV DAY
FAITA-MERITEETHEVIHE P 23bb. I, T
Ty —RATFTIMIDONTDH, EELOEBREHNDS V¥
N=FIBWTTo7-FEERR, B4 B TIT 7292812
BOTH, ML THMEZ RO T THRIET 52
LIZED, 79K —VERBIURR) 7o/ —VERNEE
D, fERELTHBLED AT LATRER TS B9,
MY OEBTRLWEAECISISELRBEO LY
B HIENRHONT VA, WP OKXZEEIIETTALY
O—2A, 7Y 7hru—a0fl, 7+ ¥y UV LET ¥
—23HY, ZIFKHOMERERLREICL-THEEZH
L, MEOZAICHEIELTWS P, Zhid BB K
(photomorphogenesis) L &N TV 5, o EAAEE
JHEFCRITTHEBICEL T, TR EAL T o 5 R A
FIZx LTk & 660 nm £ I D AR G 3 B2 2L,
720 nm LD FE AR ESGIEMRIHPHIINE 3280 )
1R FLTANTOWT, KT TlaH LA, Fiok
T3t FEHOEFRAHIMICKELRDEVIHE T A
Hb. FWEEFEDRTIE, N=NFOFIFEEAE 45,000
W ADWME T TEFIELLBR) 7o/ —VERBLUH
BRALBEASIN T BV 1 2, EybtoREH X1+
IOTANIT 2 ERR, FAXOTFHR A E R
FTHEHHE D HiHb, ThHDIkiE, BEHT A E0%E
RZDHBENZEST, AT T OFMELGE R A5 & i
BRELEBLHIBZEARIBL TS, EHSLOINETOH
H B B3 Ty —RA7FIMIONT, HREOLITT
HRERFDLHE, AR T — IV E LR LR N
T2, —H THREEA W28 R AR LI

Fig. 1

A Commercial sprout production system (RT-1000, ISS Inc, USA). The plastic barrel is composed of four

rooms, and rotates slowly. Nutrient solution is provided from four tubes allocated at the central corner of each

room of the barrel.
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ZZTABZE T, MifickoTHBLEEZ RO, 224t
BURWEICOEN: HRREEA TSN A ERET
FRTHILZHMELT, B4R VIRE T FEBRSE
ZlH T A0 0FEBREBEEZREL, 70T =T FID
ABEBLIORR) 7/ —VERICKIZTHIE ObEBL
OWHE ) OB E Lz

MBIV HE

EERAMIEY T LORE

RYAT A, BHEENS L2757 Nk 5 B AR E
AL 7BR 04 B %, ERZELNVCTHIATAILE
HIL L CREFT R L7, 3G S AT 403, Wlisss #6256 B 1)
EAVF2N—F (k) HARERR AR BT R ) 20§
HTETHAELZ:. MlzHE 28 O Bz, 500 ml D%
8 K&ty NCEBT WA EVER L T AT 72, $iBEIC
HWBE T BIEN T AOM B2 A b8 CTHRISERIR ]
FETH5. AR L, BN AOMMASZENZNIH
HEE 20 W 547, £X580 mm) 6 A ¢FD, AiF 124K
THINEERITIZLDSTELL DL (Fig. 2). EAEFNEFR
D6 A, EEFEORLLZEEFLMASDETHET
HIERHMELT, HEF AR (FXVRVA) E2K (Fr
YAV B) IZDWT, NI L T RS Re ] B KOV IR 5
AT =N NVERETEDENILT. BEA >y — e gt
Rz Eh eI ATV DIA < —CTH - 45 - FrHLAL T
HHEICRETHILD kD, AREEZ HVTH GRS
(F¥a+)V FL20SS * EX-N/18) 12 AR THIN:ZAT o725 4,
HIAR wx VDL, KR PPFD i THBXLZ 90 ~

220 £ mol m%s™" (MES-101, >4 IKS-2/101, /% T
EHBCHE ), B TAIVF—ET5~38Wm™ (TH
eI - MES-136, &> #8 IKS-37/136, /% T3 (#k)
BOUV I UV-340, (#k) #AZABCHlE. LT b
FEOWEITTRTINLOEEZ ) Z2/RT.
2T SYNDEERE

Taya)— (G AN, ISS# ) OFEF 1.5 g % 500
ml DHFTAZEAN, EC 2.6 dSm™ ([ZFBL 72K F Y
A SARLTT (KIFALS: (#R)) DFEW 5 ml ML, FEER
EEICEY LT, AWFZETH WA S A% 2313 UV-A FHIR
TBIZ 90%DFEMFEEZRT (15 HOEJEDF-IE ).
FREREE I 227CEL, #KE 3 HE2S 1 H 1 [, 7 ml DK
ZHEAKLTRAT I N ERE L7, 3B HBUE 5 HREL, &%
W 3 HMIERE RS TREEL, 4 HE» ST T 48 Iy
M, R EEHC TR T o7, Wb ERIL, R ER
BONHEEEZFI T 5720IC0EK 2 cm DT VITHA VEE
SIS 7 BB E0OEE 1 Rk TR T 72
WFL 1 Xofth, Hf#tE 12 4 (WFL 12 [X ), Afadot
8 AR+75v754 (HE FL 20 SBLB)4 A& (WFL 8 BL
41X), FEEEE (F33FVFL20 S R)12 A (RFL 12
X ), RS 8 A+75v254 b4 A (RFL8 BL4 X))
D5 XEFREL. SHICHRELTHRRRZMZ 256 X,
4 A CEBREAT-72. AR TRV &R OREEIZEL
TOBE)THA ABEEE I 440 (Fth ), 540 (fkfa),
BLY 610 nm (B~ ) TR —2&2R0135,
400 ~ 710 nm X TOIRIA WG 2R ¥, AR EO6E
1% 660 nm #¥—2%4 5 590 ~ 710 nm T TOHPH (R )
WBRWIEA TR R T, £72 440, 540 nm FHEICHEHVE—

Fig. 2

Left; The developed experimental equipment illuminated by 12 fluorescent tubes consisted of two independent

units (8 white fluorescent tubes and 4 black light tubes in this picture).
Right; Sprouts grown in the glass bottles held by the acrylic plate constantly rotating slowly.
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2RFED. 797 F4ME 410 nm HEICE—2&FED 300 ~
420 nm (UV-A ~58 ) TTORPHICIFEAE DI H5A0 A
RoTWS (BA—A—DAZarERLEIH ).
EFBRAESLCSITARORRN

INHEL 722757 b2, AR 15 MR (4 58 ) 2%
YT TL, AEEFUELLZBRIST VIV FX)8 ((F) 3
via) ZHWCTHREIEZ I E L. EENEHZIZ80THON
FAF =T T2 Al ERSE, Y EEZE T RKFECllEL
7o, Fo, BRBXOEFREICHCIBAELSDAT T
MIUUHER 7275512 =30 CT D7) —H —TH HL 7= H I Bk
WM R AR L 72, 10 mg QRSN KZFERL, 1.5
ml @ 80% 2%/ —)VC 3 R flaiRES ML, 12,000 rpm T
10 sk L7z L&A alkie L7z,
¥AR)7T/—IVEBDAIE

AR 7 ) — V&R Maeda & (2005)*” @ E:2 L7z
A, R T+ - F=ABETITo72. 96 R~¥4707L
—hD T IVIZ 30% MeOH T 5 5 A R 7=l i 150 u !
ZHEL, MAKTS0%ICHRMLIz74—= > T ARE
(FURUKA) 75 u 1, 2.5% Na» COs ¥ 75 u I Mz, Sil
T 60 5 MHHE L7z 60 itk 275blivAruarL—
M) —#% — (BIO-RAD Model 550) T 700 nm W & % il
ELZ V77V ARBEL T Ve F Y2 HIW, A7S57 R
DR 72/ —VEREr VT Y (mg quercetin/g
dw: LT mg Q/g dw 23Kt ) THM L7 &0 KIEEK
R R L AR 4 AEEL7:.

BRBLUEER

BRBXICHIBHEE

% ABR X (235155 PPFD i (J6& A %t T 1%
JE ) B OSBRI (AT 4RGSR+ UV #38 ) % Table 11
AL (A ZOIRE ). K IX & RB X o Cchil
EMENCLSTNTVFNKED 7278, RERX TL D138
B onrz, AEitE 2 VX TR faioeEr
w7z IX X093 PPFD fili, UV-A #38% &L HE REEDOV§°
NOFEETH MBI M E o7z,
7OyaY-XTIONDEE (KR -E8)ICRIT TR
BB

W R4 (dark X ) TREELABO7Tay ) =275
FOIEHI I 4.6 cm Thorz. SIS, KIS 21772
BA I EToXIZB W TRl R Y Bk 572 (Tukey
D)k n=4). KBHE#IT-72X Tld, WFL 1 X 5723
em #7RL, KWW TRFL 12 [X, RFL 8 BL 4 X, WFL 8 BL
4 XONAZHEL 7Y, HbiE A -7 WFL 12 X Tid 1.8 cm T
-7 (Fig. 3). RFL 12 [X & WFL 12 [X ® (213 4 7 2

Table 1 Range of the light intensity
in each treatment

Range of the light intensity
Treatment PPFD value Irradience

(umolm?s™)  (Wm™
dark 0-0 0-0
WFL 1 5-21 1-3
WFL 12 88-219 5-38
WFL8BL4  57-128 1-25
RFL 12 55-124 4-29
RFL 8 BL 4 35-93 1-21

A@HSNT. WFL 12 [X & WFL 8 BL 4 K& b #$ 2L,

FI 36 O AR BAE v WEL 12 XD 5 5% R I il 1%
WA RDON: (FEZE%RL). —J, RFL12 K&
RFL 8 BL 4 [X G, #adt525% \ RF 12 K05k
il R lI B o7z, —RISHELY O IRl 5 (368 EE AV iR 5
L7 hSo TR R DI LA SN THY, ZOERIDERS
IZESTINRVI VDGR BEDR R T HILTHLHEINT
W5 B REERTIR, RIUAMOSOEE IC LB IBETY,

UG OB AEREE MK A o7z, SO LA RE A
BERAWIZXO ) PAGHEEEZ WX XL IR E 5
BWHINZRLACEDELERIES>TWALDEE Z b
5. LA»L—4"T, Parker 5 (1949)' 13kt Jphs e o By
LW OEIFROMEARET LT L2 MBELTVWAS. F2,

Hoenecke 5 (1992) 25L % A% 7t LED & # LED @ It
REERTHIELH8E ) Tk LYRABIOEMEON T
BEHWIIRONEOATEE LA BEIMETS
2, LI AFEARFRENOATEE SR ED
ROELRY, HEoEAZMRTICL T RbZE

hypocotyl length (cm)
N Dl W w > g
o w o wv o w

-
wn

=
=]

dark WFL1 WFL12

WFL8BL4 RFL12 RFL8BL4

Fig. 3  Effects of the irradiation with different combinations
of light sources on the hypocotyl length of
broccoli sprouts. Means with different letters
indicate significant differences (P < 0.05) by
Tukey's test. The bars indicate the standard
error (n=4).
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ZHELTWA, 2FD, 660 nm {3 DA IR O R
oM R AT HIEHERFOLE 2O, /o, FHLN
AV F 2R—Y T2 EEBTIE, 50 x mol m™2s™ DIk
FATICE WG FTA0 W DT 592540 1, 3 BXU5 A%
BATER A, 7Tuya)—EAEOR) 7 —VE R
ML7=b00, WEIIZT T2 54 MOR KM TH B 41T
Lotz (F—2EM). ThHDIEDS, AEBRTHREN
12X B HI AT 572X I23BWT, RFL 8 BL 4 [X Xhd RFL 12
X%, HREDEISH DO TR R R o722
i, At EOMREATT Ty ) — 275 O IR il EE I E
Rt 11 AV el "B X DY 3R oY (D20

—77, 7ava)—ATIIIOEREARLE, KX OMEAKY
720D |E dark [X 2% 46.8 mg Tlikb L, WFL 12 X 78
33.4 mg Tib#EH 72 (Fig. 4). dark XOAAMDXIZxF
LCAHBEICELS, B2 KM TIdA F2IFRD5
Neh otz (Turkey ©F 8k, n=4). AREIIEEEOHFEL
RGN T, BiRSRCKIZEAERTEWENE
RTEVIERTHo72. LirL, WEZALELX OB
HEEALEDRRBOLN L olz. ZOTEHS, BERX PR
G IX TR RS R o700, il 4 DMl E 12
KM ESTMHRLIZZEDRELENT, k)0
A pE RIS XA BRI OB KR B IHIFL AL
5.2 Vb DEE Z bhe.
T0yaAY—RTSINDER) T/ —ILEB B IV HERLAE
ICRIZTRAREDZE

T (dark X ) TEIELA- 70y — 2757 bOFR
V72 —=VERIE 9.2 mg Q/g dw Z/RL7z. THITHL,
HEAEEEZ TR Z T2 K TR 72— Vi &
BT RTOKIZBWTH FIZE T -7 (Turkey D), n
=4). F¥ERRSMEBL: WFL 1 X T 10.4 mg 27RL,
KSR FD72 WEL 12 [X T 11.5 mg, 512757
F4 MelAEbH7: WEL 8 BL4 X Tid 13.1 mg T, Hfs
HOGIT HAORIEIV DA I WliZ /R L7z, — T, #fa
HOEHF 2 V72X Tl RFL 12 X T 8.8 mg & dark X XD
b (F %L ), RFL 8 BL 4 X Tl 11.2 mg
T, dark XXYA EISEL, WEL 12 X222 EOEE
RL7: (Fig. 5). ¥7=, B o AZ e L7234, il
AE, HLAIRE S REWIEIERAR) 7o/ —VERIE
WS AL Ho7A, RERTIE, Hf, REazib
F, TRKEOHEEORKD AR, TIv7 74 Ve llAE
bEZED N A, IR IE B LB R E OV R 2K
ZH2 b5, R 7/ —IVE R FITE e AEN
HRDONT.

Higashio 5 (2005)? 1, 4 F X7 F9 774 D EE%
WENTHD UV-AZRE§LE, TN TorERVAE

wu foa
o o

N
o

fresh weight per plant (mg}
N w
o o

=
o

o

w » w

dry weight per plant (mg}
— N

o

RFL12 WFL8BL4 RFL8BL4

dark WFL1 WFL12

Fig. 4  Effects of the irradiation with different combinations

of light sources on the fresh and dry weight of
broccoli sprouts. Means with different letters
indicate significant differences (P < 0.05) by
Tukey's test. The bars indicate the standard
error (n=4).
N B2 AL TS, $72, Jovanovic 5 (2006)”
%, UV-B (280-320 nm) SV /NDEAHFDTFREIA DA
BWREIAEL, fixOPBILIEZ BOLIEEMEL T1A.
ThHDZEND, AEBRIZTTIv7 574 bR &L THRE
$TAHIETTaYI)—DOR) T ) =V RABIL 70,
UV-A 53R 7 =) = VEOA G RAEL /-2 LI2E 0D T
brLmRmgEnz. —F, RESEHMORSE T, Tayay
—ZBVTIER) 72/ = VEDOAE A BIIXTIEAEF 5 L
WIENH AL STz
FHSOBH > TIE, 7Oy ) =TT MDA
Tz =V EGiE tEE (DPPH 797 VAL RE, A—/3—
T IRBRFEN ) [3EbD TEWH B BFR RO LIz
ZEDD, ABIRTT 9774 MellAGbETHINEITHZ
ETRAR) 72/ = VERDPEESTZATIVMNE, ZOHIRIL
HELEFToTWVALDEIEN SIS, 4#%1L UV-A R H MG
DB TEDIIBRALE WAL TV D0 EW SN
LUERHLEEDNS. T, SHICSFTEERMNEMLT
P ALAEZ W0 28R R oMEEITHLEbIC, TuyaY
—UANDIEH DAT TN THRMDBE 21T FE Ths.
B, 77T OEELBENER S THIIVFFITH
— MR ZFDOREETH LT VT )L — RIS KIZTHIED
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Effects of the irradiation with different combinations of
light sources on the total polyphenol contents
of broccoli sprouts. Means with different letters
indicate significant differences (P < 0.05) by
Tukey's test. The bars indicate the standard
error (n = 4).

Fig. 5

BEIZOWTHREZED TV TFETH S, AWFZE TR
L7-EZEBREEE 1L, Fi4 DX RMFICEBAT T MDD SG
DERROMIIIAT R TH A, T2, Wi EOHEITD
WTHBHITRETTEBIENS, Bl AT MNUES AT
LADBFRICDH M THHEE 25N, I IFROA il fiE >
BWATSYMEEDOERLICEHIRTEZbDEE RS,

& L3

Fi 2 OFROM AL D AT Ty )= AT F7hD
HBBLUFR) 7/ = VERIIRIZT B E IR
THIERAMELT, BEEE AT AL R EL
HEN, BUELZ. Tuya)—X 7S5 hoREE, AE, Y
EBIORAE) 7/ — VERICKIZTT A O ROHLE
DOARIZLBM OB BT LR R, 48 K o#i
#%i2, 1) AfdoEEE 7992540 (UV-A) 5 2) akth dBe
LTI 754 NOBARIZBWTRAR) 7o/ — V& mhshE R
RWEAPELNVONFREICH L THBICE 7. — 4,
Wil R 3R R JL T o o ASRE M I A A LR O N2
ofz. ZDIEWD, T4 MelAEbETHNEITHIT
LT, Bl LiEE O A TSy MR R/ B B 2 R
CEREETELLDLE DN,

51 A X
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