J Korean Soc Food Sci Nutr
44(5), 709 ~715(2015)

(e JrTLENE | =

'Dxcfstm AlEDpste
SAs|tystm 2lo| Mg stn)
‘SMoEtm AlEY

SEREEDEREE
http://dx.doi.org/10.3746/jk{n.2015.44.5.709

Physicochemical Composition of Buckwheat Microgreens
Grown under Different Light Conditions
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ABSTRACT As consumers interest in microgreens is increasing worldwide, the production of leafy microgreens uisng
different LED lights was investigated in this study. The experiment was carried out to evaluate the effects of different
LED lights on the composition and vitamin C contents of buckwheat microgreens. Physicochemical properties of buck-
wheat microgreens grown under different lights (red, blue, and white) and control exposed to a dark room were
investigated. Moisture contents of buckwheat microgreens were 95.65% under white light (WL), 95.75% under blue
light (BL), 90.77% under red light (RL), and 89.71% under dark room (DR). Crude ash contents of buckwheat micro-
greens grown under WL, DR, RL, and BL were 0.39%, 0.39%, 0.31%, and 0.37%, respectively. Crude protein contents
of buckwheat microgreens grown under DR, RL, WL, and BL were 7.12%, 7.81%, 1.60%, and 2.40%, respectively.
Crude fat contents of buckwheat microgreens grown under DR, BL, RL, and WL were 1.12%, 0.54%, 0.35%, and
0.22%, respectively. °Brix was the highest in microgreens grown under BL and RL and the lowest in buds grown
under DR. Vitamin C content was the highest in buds grown under WL and the lowest in buds grown under BL.
Total chlorophyll content was the highest in microgreens grown under RL and the lowest in buds grown under WL.
For mineral content measurement of buckwheat microgreens, Ca, K, Mg, and P contents were high whereas B, Cu,
and Zn contents were not detected. The mineral contents of buckwheat microgreens according to each color of light
showed significant differences. These results demonstrated that treatment of different colored LED lights during culti-
vation was able to increase vitamin C content up to affecting the nutritional value of buckwheat microgreens.
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% 3 3 7]1(SV2100, K-MAC, Daejeon, Korea)2} %
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3ol LED A M 33 (red lighting, RL; 650 nm), LED % 2434
(blue lighting, BL; 447 nm)2] LED #WdlA &35 (white
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°Brix &%
Hﬂ‘j‘ A2 50 g& 50 mLe] S/ £3ste] 10x
e & ARA 2 AR5 o FET Al |
(Atago Pocket PAL-03S, Atago Co., Tokyo, Japan)&
=73lo] °Brix® WEFHITH24).
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A A& 2 3 goll 85% oFAIE 100 mLE 7hske] &3
% 3,000 rpmol| A 5—?_—7& AR to] 42 ZAfel| thA|
85% oMlEg | ZEote A S 33 WS & 4
Tk 2o} 500 mLZ A-83t3th o] & 25 mLE Fskal of
2 50 mLe EH7F 25 mL 7lete] 187 283k 5 ogl 2
S 2o = 248 33 WS AAI%E thg sodium sulfate
2 23 718k SRS AAZ T olH 22 100 mL 483}
a1 660 nm, 642 nmol A EFEE SAdlo] T FEEI,
S22 a, 222 b IHS SAHITH25).
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Aepel). A5 AA = vk 21 stellA] Aug 242t
A& 2 goll 20 mLe] 10% metaphosphoric acidE 7}3}4]
1057 A e 7] & A9 5% metaphosphoric acidS
Yol #4835} th3 100 mL mass flaskoll %713 Aw9]
5% metaphosphoric acid o2 £7]5 AL ¥ mass
flaskell &3led 100 mLE A-E3+G ). 0.45 um syringe
filter® o] 33} HPLC(Agilent 1200, Agilent Technol-
ogies, Santa Clara, CA, USA) £4& A8 2 43} th
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HPLC column< Shiseido C13(4.6X250 mm, 5 ym, Shi-
seido Co., Ltd, Tokyo, Japan)& A-8-315131, ©]& 32 0.05
M KHPOy : acetonitrile(60:40, v/v)2] Z3-& o] &3}
F23}9 ). Flow rate= 0.8 mL/min, UV 32 254 nm,
injection volume< 20 pL ). =248 L(+)-ascor—
bic acid(Shinyo Pure Chemicals Co., Ltd., Osaka, Japan)
S AT o R ARRsle] FHE F=T) 20, 40, 60, 80, 100
ppm°] ¥EE FFHA(y=0.019x+24.370, R*=0.9988)
< AAdste] ALttt

2 AOACHE@N)d &3kl Agol 2183
BE vial¥ 54 714+ A AHCL: HNOj - Ho0=3:2:5,
v/l 8AIZE E9F T $ SRR 8W AlF sl 7]
2 e 0.5 g9 AlZol 9 mL HNO;, 1 mL H0.5 7+t
% microwave digestion system(MPR-300/12S, Milestone
Co., Sorisole, Bergamo, Italy)oll A Ak Hﬁﬂ’é‘}oi A8
Al5E5 HPLCE £#75 % 50 mL A8 % ICP(inductively
coupled plasma, Thermo Jarrell Ash Co., Loveland, CO,
UsA) = A8t S49 #7142 Fe, K, Mg, Mn, Cu,
Na, Zne. 2 ICP %% *]2F(AnApex Co., Zhubei, Taiwan)
& Tl A BEFAE AF w7} 0, 25,
50, 75, 100 mg/mL7} El =5 s|Aste] RS A4
@ Apgelglon, BE BAe 33 wEelglt)

I
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32

A = SAS 3 =2 13 (Statistical Analysis Sys-
tem, 2000, Cary, NC, USA)<S ©]-8-3}o] meantSDZE YE}
Wolth Hiate] 414 £94 #412 Duncan's multiple
range testel ]3] a=0.05 FFolA o4& HAA

(28)
Zn o D
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Aol AR oY o] AWk E-2 Table 13 72
o}, 8 =S BL 95.75%, RL 90.77%, DR 89.71%, WL
95.65% % Zmd| uwe} ool xfo]= VEh L EFS

270 sl A AwE WY AL o)sheA 5y 711

Azt P35 90.37%, A% 90.86%, XA
HBSo)| A Ak Aol A FE FHeko] 71
v gtk S FAHE U g9 How #3
AR FE TS v 9] e 840
.53 i o] How 7]Fe] vk At TEo] A3
A T AR Ydo] FHo] FHo] Zﬂ 3= Ao
ATH29,30). A& F DN E FHS 1~39%=2 &
= Ao=w 4#A Ark3E1). #H4E HA—*}zHiA Zehig
2 BL 2.40%, RL 7.81%, DR 7.12%, WL 1.60% %
A A A Ak wld AR o] el SRS 1
5 AWxﬁi th Eokout AT FFTolA Ag \Y
= BRE FFovy. =AW e DR 1.12%,
WL 0.22%, BL 0.54%, RL 0.35% % $FAol A gk Ao
A 7V =k FagselA 7HE A e Al A] ARS-
g5 Aol whet ztel7 AT A& T 2A J gL
0.1~0.5%% <& Aol T3k A0 A gt A
o] & FFEo R yeht ot ehaell A Aul Al °“ﬂ&x Bl
A R wob Aujsle 5o Az upel f2 %<l
2ol 7t Ak &3} AA-S WL 0.67%, BL 2.78%, RL
0.17%% Hi3}o(19) A& 4o S/l wat A
o] th=A vreht A4 Sl mEkA e Xfolrt Q& Ao
2 AzZtEc) Aoke] A sheEe 359 o] do] |k kol
A AERR QG T AW FFo] A8 i), x23)E
e DR 0.39%, WL 0.39%, BL 0.37%, RL 0.31%%
HA T FFToA AE w 7F kA Aol A Al
Al 71 weokth mE AR A F EestE e BL
0.95%, RL 0.77%, DR 1.66%, WL 2.15% = & 3%l
Al Al 7HE = %kaL atkgo] HA I AT 18 A Al
ToR x| Mol A4 AP R A FFS VA
E Aow FdHAT
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FA9F dolE A3 Adl= Table 29 2t} Al Af2-
A2] 107) F#F-71= WL 1.39 g, DR 1.14 g, BL 1.08

g, RL 0.84 g0 & gF5ol A 714 =skoh, Al A2 1070
ﬂ it 7ol WLP DRE 10.17 cm o7k glglon}

BL 8.40 cm, RL 6.00 cm® %959 A7z ulg} t}= A
LERSETE Carvalho®} Folta(32)+ AL ] vl A% ol 1]
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Table 1. Proximate composition of buckwheat microgreens grown in LED vegetable garden system (unit: %)
Light sources” Moisture Crude protein Crude fat Crude ash Carbohydratez)

DR 89.71£0.97" 7.12+0.32° 1.12+0.31° 0.39+0.04° 1.66=0.29°

WL 95.65+0.71" 1.60+0.11° 0.224+0.11°¢ 0.394+0.09* 2.15+0.79"

RL 90.77+0.59" 7.81+£0.34" 0.35+0.19° 0.31+0.07* 0.77+0.67°

BL 95.75+0.71° 2.40£0.01° 0.54:0.34° 0.37£0.13" 0.95+0.51%

"DR: dark room, WL: white lighting, RL: red lighting, BL: blue lighting.

2)Carbohydrate 100— (m01sture+crude proteint+crude fat+crude ash).

Means with different letters in the same column are significantly different at 0=0.05 level by the Duncan's multiple range test.
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Table 2. Weight and length of buckwheat microgreens grown
in LED vegetable garden system

Light sources" Weight (g) Length (cm)
DR 1.140.17° 10.17+1.42°
WL 1.39+0.12° 10.17+1.42°
RL 0.84+0.14" 6.00+1.34°
BL 1.08+0.17° 8.40+1.13"
YDR: dark room, WL: white lighting, RL: red lighting, BL: blue
lighting.

Means with different letters in the same column are signifi-
cantly different at a=0.05 level by the Duncan's multiple range
test.
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9] LED+ brassica micro-
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i A 4] °Brix 54 A= Table 3%
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Table 3. °Brix of buckwheat microgreens grown in LED vegeta-
ble garden system

Light sources" °Brix
DR 0.2+0.05"?
WL 0.5+0.21°
RL 2.2+0.41°
BL 2.5+0.26"
YDR: dark room, WL: white lighting, RL: red lighting, BL: blue
hghtlng

*Means with different letters in the same column are signifi-
cantly different at a=0.05 level by the Duncan's multiple range
test.

Table 4. Chlorophyll contents of buckwheat microgreens grown in LED vegetable garden system

thE Azke] 2w stoll A A wEd AR ERE
4 gheke Table 49 2l F223 a9 33L& BL 4.92
mg%, RL 5.96 mg%, DR 5.54 mg%, WL 4.63 mg%= RL
¥} DROIA 38k WLoll Al 718 shtth, S 229 be] g
< RL 9.90 mg%, DR 9.32 mg%, BL 8.35 mg%, WL 7.06
mg%= RLI} DROIA =931 WLoll A 718 Wt & =2
23 g2 BL 13.27 mg%, RL 15.86 mg%, DR 14.86
mg%, WL 11.69 mg%& RLoIA 7} =9kar WLelA 713
St AE5AE AEAMES] MxA 4 =A)(chloro-
plast)oll EAJakaL o F¢ %Oﬂﬁ Aol & oW Es
ks, durd o2 w5 Ed 311 WA 3:29] HE=E
a, b o] EA|gTh(34). :LEM AT Ay 2] Azs
dejato] Aujek wE AR o] SRR as) be] H] &)
3:10] ohd Ao = Vel 235]2 b ngﬂ frejAos
= UERRh o) FakEe] AS Al 54 ) 4
i 7(45‘]. 4&7417} o1 omyg g2 )Hoﬂ oﬂ?ﬂ:_f; F =
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r\i
m d

o 2
Y
o
N

3

e oz

Ao Aol A%k ARTE 2w P4 o] I}k e A=
T e xoxgn oy 71x 27 ue J=4 e
o] thE2H, AEAe] E22IH JIRE kot MirE 5
F o] o8 YRz A FEed ad A F5

4L 663 nmO]al b= 642 nmZ o] W] Aj1de A9
phototropins®} il 3} photoreceptor@F Tral A& = &) 4
A Ao Q1A FTH35,36). £ B Aol E wYS
WolA| A AR LZ A Al wE A= g JdELE
AFE  Qlo] AAAAEA Ao gloka Bk vf itk
(37-39).

E

[o

H|E}2I C

zrg o] M-S e ste] Auigk v AR Ao BlE}
C 32 Table 59 vl o) w2 nelwl C dFe
BL 5.43 mg%, RL 5.98 mg%, DR 6.72 mg%, WL 10.43
mg% = Vet E38] WLl A =9k BLAlA 713 w9k
th. o] Z¥= Kim 5(19)9] ATelA &3 A2 vlghl
C 3o 3% 157.57 mgh, 485 164.64 mg%, 34
s 1568.10 mg%= H.arste] A AR ae] Aul Al o] A
@oﬂ LE}E]— H]E]—U C 8Lal:oﬂ o:l%]:_q 77];1]‘; 74 o7 /\]/\]_E]OA
th Xu 5(40)e 35 =4 T/HE st LR
A EtH A vlER C ﬂ%}% =748 A} A AGol A Al

A=

o g

(unit: mg%)

Light sources" Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll a/b”
DR 5.5440.01% 9.32+0.03" 14.86+0.02" 0.58+0.01°
WL 4.63+0.03" 7.06+0.03° 11.69+0.03° 0.64+0.01°
RL 5.96+0.03" 9.90+0.05" 15.86+0.04" 0.60+0.02°
BL 4.92+0.01° 8.35+0.07 13.27+0.04° 0.57+0.01

"DR: dark room, WL: white lighting, RL: red lighting, BL: blue lighting.

2)Ra'uo of chlorophyll a and b.

Means with different letters in the same column are significantly different at 0=0.05 level by the Duncan's multiple range test.
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Table 5. Vitamin C contents of buckwheat microgreens grown
in LED vegetable garden system (unit: mg/100 g)
)

Light sources' Vitamin C
DR 6.7240.07"
WL 10.43+1.02°
RL 5.98+0.25
BL 5.43+0.31°

YDR: dark room, WL: white lighting, RL: red lighting, BL: blue
lighting.

Means with different letters in the same column are signifi-
cantly different at a=0.05 level by the Duncan's multiple range
test.

gk A Aol A HIERT FheFo] 71 okl dhrt Fell=
ascorbic acid7} §l+=d] o} A] L-galactono-lactone de-—
hydrogenase AF3}a4o] 2807 [-galactono-1,4-
lactone®] ascorbic acidZ MEF L Fp(41). o] =
ge] Az gl A 7le)] o5 o] mAzrgel FIFE 7% Ao
2 3T, 53] ZE HEgH C §%9 Sl 2% Y
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Table 6. Mineral contents of buckwheat microgreens grown in LED vegetable garden system

2}o]7F Atka WarstQivh46,47). A5 =58 pH A
glol] d3FS F= Ca™, K, H" S8 29 2o H4E Ea)
guard AIEEFO] &F Al %] WstE frrEghrhal
FeH48). FA Aol A Fo wEe wE A mi-
crogreen A SHE B FU|AS FoHoR FUt
A F=H], ol 7S 4ol FaL vt sl TS
7N AN G0 GFo R nFPYanE F7HAI7IAL wE Al

o
W Ao VFIYLE GF FHA

133
(46-48). o] =7l

HE el TAE AEANLE NEs] kel S BL), 4
AS(RL), BF5WL), FEDORANA AN 22 A3t
o £ & Z+F o33t 5EAE Atk |E A
Y o] 8 ke BL 95.75%, RL 90.77%, WL 95.65%,
DRe] 89.71%%1th. #3]& &< BL 0.37%, RL 0.31%,
DR 0.39%, WL 0.39%= Zwd w2} §2% <l 2ole 1}
Elubx] ekgkt), Zuad 8k RL 7.81%, DR 7.12%, BL
2.40%, WL 1.60%= RLoNA 7} =9kal WLoA 7H4 &
Skt AW heke BL 0.54%, RL 0.35%, DR 1.12%, WL
0.22%% DRoA 7} E=kar WLl A 718 WA ekt
F= 542 RLY BLoA =9kal WL DReIA Al Lhe}
Wt S22 32 DRA #b v AR & 2
223 ko]l Hhal WLoll A ek Aj#) Aol A 71 v
ko). HIERY C S &4 A3 WLAlA Az Aol 7+
= %A BLoA Ak Aol A b wiokth ol &4 A
3 B, Cu, Zn<& SAHHA &%l Ca, K, Mg % P7} %2
FEo 2 Yyt 2 A5 Ay Wl TakE bE A2
o] LED #2271 3l A Al gk A& A= o] 5182 B4 o]
zrol we} xpo| 7} yElaL, 58] HlERl CoF 7714

5 FUr FH 2ol Q= AR HrlEo] o] A&
Aol ek F87F 2 A Fd A A%l T3] Ees
= Ao FuEh

(unit: mg/100 g)

Light sources" B Ca Cu Fe K Mg P Zn
DR ND?  0.057+0.06"  ND 0.0120.00™"  0.043+0.03" 0.022+0.01° 0.023£0.00°  ND
WL ND  0.070£0.01° ND 0.012£0.00 0.072+0.05° 0.043+0.00° 0.066£0.00°  ND
RL ND  0.072+0.00 ND 0.012£0.00 0.083+0.01° 0.0700.00° 0.070£0.01°  ND
BL ND  0.037£0.01° ND 0.012£0.00 0.062+0.00°° 0.0470.05" 0.065+0.00°  ND

YDR: dark room, WL: white lighting, RL: red lighting, BL: blue lighting.

ND: not detected.

Means with different letters in the same column are significantly different at a=0.05 level by the Duncan's multiple range test.

“NS: not significant.
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