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Effects of LED Light Conditions on Growth and Analysis of Functional Components
in Buckwheat Sprout

A-Young Jeon*, Ki-Hyun Kim*, Soo—Jeong Kwon*, Swapan Kumar Roy*, Seong—-Woo Cho**, and Sun—Hee Woo*'

*Department of Crop Science, Chungbuk National University, Cheongju 361-763, Republic of Korea
**Crop Breeding Research Division, NICS, RDA, Wanju-gun, Republic of Korea

ABSTRACT Buckwheat sprouts are a vegetable; a functional
food should provide health benefit and enhance performance
as high nutritionally important substances. Buckwheat noodles
are the major buckwheat food in Japan, Korea and China.
In addition, Buckwheat as preventive medicine has undergone
a great advancement in the last decade. Comparison of the
functional properties distribution and utilization in tatary
buckwheat is required of understanding the metabolites. The
study was conducted to identify the sorts of phenolic compounds
and metabolites in tatary buckwheat seedling at 4, 7, and
10 days seedling under the different combinations of light-
emitting diode (LED) such as blue, red, mix (red, blue, and
white), dark, and natural lights in stem and leaves. After
breaking the dormancy, buckwheat seeds were grown in culture
room under lights for 14 hrs and the dark condition for 10
hrs, at 25°C for 10 days. Length of buckwheat was gradually
increased under all of the conditions. Using HPLC, rutin
was highest at 7 days under mix and natural light in stem and
leaf, respectively. Quercetin was highest at 4 and 7 days
under natural light in both. Chlorogenic acid was highest
at 7 days under mix and natural in stem and leaf, respectively.
Taken Together, this study indicates that phenolic compounds
and metabolites present in those plants could be helpful for
the human health and nutritional additive.
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apfgt v & 7} 0.5 g-& Ethanol 10 mlof] &3}35}¢
80°CoflAl 25425 6027t AAISH & 4lwe]7|(HANIL,
Mega 17R)E o]g5to] 4°Col A 12177 E HAgict
3 4°Co] 4] 5,000 rpm & 55 ZoF YA Ea]Eto] Aol
= 7155 °(HYUNDAL 110 mm)E ©]-8-5}o] éﬂi
9] 2 E52 ecthanolZ 10 mlZ 3¢ Ltk =
2 ml& 0.45 um PVDF membrane syringe filter (Whatman,
USA) o]8-3}o] 3 oJa} & Screw cap vial (Agilent)=
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&3 20HE J2HI|(High—Performance Liquid Chroma—

tography, HPLC)EA{dftH

HY AJA-S] HPLCE-A] o] AR5 Methanol (J.T.Baker Co.,
Phillipsburg NJ, USA)2} acetonitrile (B&J ACS/HPLC, SK
chemicals, Korea)2 HPLCH-S ©|-83}% o, $54= Eco-
UP9000 (Mirae ST Co. Ltd.)&2 AA3F 32} Z2H4E AL
Sh1 filtering 3Fo] AFESITE S EoLEUS ALE
519 =d A-gulol= Watero] 0.05%9] TFA bufferS 37}
31, B-Eufjofl= Methanol 60%2} Acetonitrile 40%°] 0.05%
9] TFA bufferE #7}s}o] o]-&35}3ick. EFZ 0 F chlorogenic
acid, rutin, quercetin> SIGMAA}®] HPLCES Y3514
Methanol 2 3]4]5}o] 0.01 ppm, 0.1 ppm, 1 ppm&] EF&

Table 1. Analytical Conditions of HPLC.

Gradient Mobile phase condition
Time A(%): water + B(%): MeOH(60%) +
(min) TFA(0.05%) ACN(40%) + TFA(0.05%)
0 90.0 10.0
5 85.0 15.0
50 60.0 40.0
60 50.0 50.0
61 90.0 10.0
Instrument : HPLC 1100 series (Agilent)

Analysis coln. : YMC-pack OSD-A Cis

(4.6 mm ID x 250 mm, S-5 um, YMC Co., LTD., Japan)
Flow rate : 1.0 ml/min

Coln. temperature : 25°C

Injection volume : 10 pl

Detector : DAD 280 nm (Chlorogenic acid)

DAD 359 nm (Rutin, Quercetin)
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Table 2. Change of Plant Height According to Light Conditions
in Tartary Buckwheat and Common Buckwheat.

Light

b Zo Al A A 7H =L 36.40 cmE Upebgteh
(Table 2). o3t Bi}= oF AT} AL H AL S5k
o] %ol dut A Qe Aol Aol glo] A oy
7} B2 oot = dayo] ojum, Aol He AelA
o] o] glo] Zolyol HAE7| wEolth Cho er
al. (2008 LEDFo] 4 F4k0] 02 3e A7
A3} ok 5 4dAo] B4 L H+ g A o)A 7}
= FA F F 6dA = 2 H(IFFe)7T 2.23
emeld] HE A+ el 217 emE A 9Jslut
WE g2y Beh 2 A0 vehgon], 53] 9t Ae
T=2.83 em=z 71 lj‘},fE}J_ H35Fth Lee ef al. (2010)
o Z| A} %]/\H.T’—]—Q,] l:l]

Fajof Sepsel shuZol ARHUA BT A7]7} %
el £37h AAH o] Aol ks AARAS A%
oA B 49, LEDY 2L S35, B8, 4%
SO0 790] AU o £ANAE 37 I A gho}

Aol AMEA ekt

LEDZE Z=7Z10f | e 71sd 22 =M
EEl(Rutin) gh2f
wd Ajgrof| A FEl ekl Ak vy AjaEE & oy

A A ok 108 o4 A L}E}kkE}(Table 3, 4). Park et
al. (2005)2 W FAA F Hsde e & vl
(15.6)0] Hl W]2(8.59 mg/g dry wt.)E T} oF 28] =9r0
H, o] & ZgtH o= RS & wo] oF 95%, ARt
o] oF 50%0|tty RStk E3t Lee ef al. (2011)

Table 3. Comparison of Rutin Concentration According to Light

conditions Variety 4day 7day 10day
Common
. Buckwheat 20798 34.08a  45.47a
Dark light —
artary
Buckwheat 1639b  32.38a  40.82a
Common
) Buckwheat 18.90b  30.71b  36.40b
Red light Tort
artary
Buckwheat 18.17a  28.94b  34.35b
Common
. Buckwheat 17.51c¢ ~ 28.15¢  33.6lc
Blue light o
artary
Buckwheat 17.87b 23.81¢c 31.90c
Common
Mix light g ckwheat 16.21d  26.52d  30.90d
(Blue+Red+ —
White artary
) Buckwheat 15.95b 24.49¢ 32.25¢
Common
 Buckwheat 1>2%¢ 2263 27.37¢
Natural light —
artary
Buckwheat 1243¢ 21.99d  23.80d

Condition of Common Buckwheat (unit : mg/kg).
Light conditions 4day 7day 10day
. Stem 54.03 33.50 20.76

Dark light
Leaf  173.22 303.73 295.18
. Stem 67.93 74.51 36.33

Red light
Leaf  292.61 318.11 316.71
. Stem 88.11 82.67 55.37

Blue light
Leaf  295.37 323.53 327.34
Mix light Stem  102.47 87.22 65.96
(BluetRed+White) Leaf 324.18  330.59  412.75
. Stem  116.76 92.81 69.07

Natural light
Leaf  337.40 422.52 476.87
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Hj % FEolAs 793 7= A9d 3, AR
A S78taL o] Folls Hashs ¥ Holal Qlrh 4
A fxo Ffols el EolEs AE & 4 3
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Yoon et al. (2006)& & o] AP AL Jul| Lo
H|3)| rutin 3F5Fo| 414, quercetin $FF-2 194)], chlorogenic
acid FFL 59 3, BEdo] e B2 §F % ruin ¢
Fe UVBZA] o8] foldom F7hEus Jag
A o 270 ¥sho] rutinghero] F7hacha shol
2 A9 Aueh SARE AFoIse.

At o A i A9 28 e Aol )
2 AGeIA 3 A4 A ebic 41
S AE 49, , 102o] Ayl =2 Fefo] &
A ol AR T ok 2 8 4
Siek A2 2ol 102 Aokl Ak Al A

2 476.87 mg/L2 FEIZ ghi-o vhH oF 2 A A= 7
2 295.18 mg/LE 33313 Q1 QItH(Table 3)
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Table 4. Comparison of Rutin Concentration According to
Light Condition of Tatary Buckwheat (unit : mg/kg).
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HZ2MIEI(Quercetin) SH2f
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Table 5. Comparison of Quercetin Concentration According
to Light Condition of Common Buckwheat (unit :

mg/kg).

Light conditions 4day 7day 10day
Stem 6.97 6.88 0.00

Dark light
Leaf 6.53 7.36 11.92
. Stem 7.57 8.14 5.07

Red light
Leaf 9.48 7.93 15.58
. Stem 7.24 7.03 5.25

Blue light
Leaf 9.55 8.03 13.79
Mix light Stem 9.37 12.65 5.31

(BluetRed+White)  [eaf 10.04 16.16 16.06
Stem 14.04 11.87 7.06
Leaf  11.50 19.51 17.73

Natural light

Table 6. Comparison of Quercetin Concentration According
to Light Condition of Tatary Buckwheat (unit : mg/kg).

Light Conditions 4day 7day 10day Light conditions 4day 7day 10day
. Stem  297.01 180.38 27.69 . Stem 23.99 22.11 34.60

Dark light Dark light
Leaf  1591.75 255796 3119.19 Leaf  136.38 40.12 92.19
. Stem  301.94 272.67 132.46 ) Stem 33.54 22.59 43.11

Red light Red light
Leaf 184932  2919.68  3302.34 Leaf  222.44 47.38 113.85
. Stem  317.85 325.48 138.57 . Stem 37.02 27.37 54.73

Blue light Blue light
Leaf 191433  2988.71  3368.69 Leaf  182.55 44.15 115.29
Mix light Stem  352.07 435.50 185.57 Mix light Stem 34.85 27.43 64.05
(BluetRed+White) Leaf 2133.30  3097.24  3419.85 (BluetRed+White)  Leaf  215.00  47.39  118.58
. Stem  363.67 462.11 228.99 . Stem 45.60 37.51 65.31

Natural light Natural light
Leaf  2360.35 314495 3360.35 Leaf  255.74 54.30 124.25
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A Z7hstel 1003 elE tha S7kshs Aare mac,
Jin (2009)%5-2 Quercetin< flavonolsZ polyphenol 313}
Eolw ¢futo] oheF R-E o] 9lom, free radical 4~7A, A
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T Mizuno ef al. (1992)2- oFsko] 72 A ElL- 1,500Lux] 4]
484t ke Al 7 50%7HA] ZAsRithal Balsh.

Z=2Z 27 KChlorogenic acid) &tz2f

o] w2 oY g FRZAL FgHHels o
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Table 7. Comparison of Chlorogenic acid Concentration According
to Light Condition of Common Buckwheat (unit : mg/kg).

ul 7V 9k oF 2ol A 714 Wskeh LED % %7
X 2RRANE B Aol BT, AL, 4T ¢
Stk FRRALL ot F 42, 79, 1090] A} W4
AR SVt Ads Holal AAd 24oA 1047t A
vk Ao A 7H =2 S Hlth dut viE Aj 4k
Ag Tt v 5 Uro] BAgH A3t 283 F2A" A= ok
27 w0l A oF 5ujreF o =2 S S tH(Table 7).
ARE wi e A viE O] - ol & TUA} Ao A 7t
A =2 311.93 mg/Lo & Vet o} & 4213} 9 27
oA 7 22 89.42 mg/LO 2 e Clifford et al.
(2000)2 == 2 AlAKChlorogenic acid)> 7| T At} F YA
o JAHE Ao s JAH EdHE =Y dFolet
3 3} 90 Rodriguez et al. (1998)2 A} 7449 &
ZEo| HEAlo] F5 o]Rm 1 04 chlorogenic acid
7} 50.3%5 AHA|SHHA FARSE RS 74 58
Fpxick ek

2 ujm) Aue] Aap uES Uieo] RSt A3 ot
o AR o] wEelA o e e Rt Az}
HjSof] BAIglo] F 2o W F AolE HwsEH
Ao A 7 =2 S YER AL oF 2HoflA M}
e S YEItK(Table 8). LED 33 2oA= 3
Z7lo| wE & Apoli= Ho|A] otk & HiE Ao viEo]
A5 AdFolA ol & 4dxpo A 7Y =2 162.79
mg/L3EFS el 93 7P W ghekl whol & 102}
F 2014 7911 meLE etk & Y Ajae) 2l
Aol Tk e ke veh AT B2
wof = elshol iz Sl 4t i, 2 o
o) At 5L wEARY Pt F 4R viEe) 2
Aol 4 7M. 143.02 myLol gL, 427 Aol Al

o
o

1%
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0 = K 1o

Table 8. Comparison of Chlorogenic acid Concentration According
to Light Condition of Tatary Buckwheat (unit : mg/kg).

Light Conditions 4day 7day 10day Light Conditions 4day 7day 10day
. Stem  89.42 116.66 103.28 . Stem 61.14 100.18 79.11

Dark light Dark light
Leaf 0.00 19.19 19.99 Leaf 11.55 22.26 17.02
. Stem  130.87 187.38 130.04 . Stem 70.79 116.64 97.40

Red light Red light
Leaf 0.00 38.85 24.45 Leaf 15.12 26.85 16.64
. Stem  121.03 210.72 104.42 . Stem 80.05 118.90 91.53

Blue light Blue light
Leaf 0.00 39.27 24.81 Leaf 16.43 2542 21.56
Mix light Stem  138.40 311.93 161.82 Mix light Stem  143.42 114.18 134.82
(BluetRed+White) Leaf  0.00 40.51 25.37 (BluetRed+White) Leaf  18.85 28.41 20.90
. Stem  143.02 274.79 181.79 ) Stem  162.79 130.71 137.08

Natural light Natural light
Leaf 19.11 43.28 26.49 Leaf  23.54 33.63 21.80
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