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Abstract

Physicochemical properties of safflower sprouts grown in there different lights red, blue, and white; control exposed to limited light and
subjested to different drying processes were investigated, Moisture contents of safflower sprouts grown different lights and treated with hot
dry air were as follows: 9.38%(white light), 5.70%(blue light), 12.21%(red light), and 7.84%(control; no light). The moisture contents of
freeze-dried safflower sprouts were as follow as: 9.95%(white light), 11.30%(blue light), 11.25%(red light), and 10.45%(control), Crude ash
contents of the hot air-dried sprouts were as follows: 4.82%(white light), 12.22%(blue light), 4.33%(red light), and 6.30%(control). The crude
ash contents of freeze-dried safflower sprouts were as follow as: 4.75%(white light), 4.44%(blue light), 4.00%(red light), and 3.65% (control).
Crude protein contents of hot air-dried safflower sprouts were as follows: 16.52%(white light) 15.40%(blue light), 14.55%(red light), and
15.46%(control). The crude ash contents of freeze-dried safflower sprouts were as follows: 25.19%(white light), 15.72%(blue light), 25.53%(red
light), and 20.13%(control). Chlorophyll contents of hot air-dried and freeze-dried safflower sprouts were higher than those of only
freeze-dried sprouts. b-values of freeze-dried sprouts were lower than those of sprouts dried by other dried methods. The contents of

minerals Ca, Mg, Na, P and K in all the sprout samples remains unchanged regardless of the drying methods.
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A FaEe 2%, U 2 5% 5o 2ER W3
ol 7o) 93wk AEA S AMEeR oke
2 BE orAsit=E Aol gtiMatsumoto T 5 2010), 2]

T

340 gt thre] AT A Al2F FEo] g o
T2 Jx1ov HT LED(Light Emitting Diode) F9S A3
gefet dgellA AulE skEel 7154 ARl o ol A
Ao} gfEtE Rl ok 3 olfe BA 3gdlA
ARst 715 AR f=E 2™t e HES 3
A A FE L HERAE 7] dEelt
(Nishimura T ‘& 2006, Shimada A & 2010).

Al A 1HsP 9452 AAEL E Be AEE
o] B=H, ¢, FUAssH 22 Aoz HY AlS B
z3t7] Qs ek 9 M3 AFS Assa ok A
AEE A Ade] AR s AEY 78 8T
T FFA AR A& &H ES TA FVHANFATAee JG
T 2011). AL FAL SR At 2T 9573)
W EFfE 9 HEAZHER FES Feth(Seung JH
T 2005). 2y 3pEAe g2 IR g 4do] wlg-
T A Btz 28UEFE AR A7to]
4 gt w3 4o dHEo e v cellulose ¥
hemicellulosex= A3 A A3} oS do7|1 vidA] AHEL
kg ol MALE fEElER AFAAIR o] &E T At
o] $tkSeung JH 5 2005, Palter R 1970, Palter R 1972,
Sakamura A 1978). 1L} Kim EO 5(2008) SR E 3~4
Uzt wolete] gspdol AERS Jhdalelt. welgske] A

a2 g 23RS IRl e, 2R 2nh sl

RN
ASEYe gasheln NEFAE s AEY S5 gol
Hashy RS o Fhstn Aol FAY Azl £

ol T4 IAAR o]83ly| Hrpe WolHAE AXWs} of
YA QA AZ Aushd JPeid Astgoe] FrbEa &%
3 =XAR0] g2 AR AFETD FKTroyer JR 1964,
Troyer JR 1958, Troyer JR 1964, Watanabe M, 2007).

Kim TS (201202 SN (WRM), HA(BRM) 2 24 (RRM)
o] FstollA AE FAN A& F FEEE] A
Al 93% oo ® Jehtal FAW ke HAgy, zud
A e A FdoA =ttt Bask b Qo mEgk
229 ke A FYoA Al Al =k vlER C
A Fol A Al Al 71 =A JERY Aol AR
LED #¢e] we} 2 A& o] th=2A Jepdria 2
28k vk ik oY FIE A AAE AplsiAY o}
sle] YRS vlm NI Ae YA o5 AAx
2 ol& Al §%59 AV} Qlu & V54 98 A2
371 A dAE W] ite] Alggt AA ol w4k
o duAse A Wgeld sk wel 44,
=/4Wsl, A sh 227 Fo] gAY olglsty F4 544
2 Ay x WstETHCho SY 5 1994, Jung IC 5 1996,
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[e)
Jang EH & 1997). 55 o g3k A4 Aas AA
o AF FEEY] olEgel Ari=e] HA ] Wil gt
s

Q77 Ay solop s olu] Auolt Aol & HEHE
= A48 Az Pel Adel s o3 slow AzE,

S 2 F 22 83 A A 297 A 635 (2013)

uEbr 2 AT Heed AladdlM A YikE
TRl HAje wRlew dFAx FAUERE ARES

of [z Az FAR olstE E4E Husel Y
R Fsphse] AAe Pel mE olsthy 54E ¥

43t

1, XHel X AZ

2 g A8 S AEFT AlaFe] gz
A kel 5YF 9d FE 3R 124K A LED FUS A
A AFAEZ Auisiast. 2=¥eE 21-23 T, §ET
45~60%= HA3}ste] &gFA(White light, W), 4213 (Blue
light, B> 430~460 nm 3 HE|, FAFA(Red light, R}
650~680 nm ¥$]e] LED FYU(SSLIGHT, Seoul, Korea)2 & Z
AVSPEA AulskaY, Ak ZF(Control, C)2 259} HE7}
T 2oy Fo] glE Ao Apiste WHoeZ A
Histe] 144 3 FESIGT I3 UEE 50 TY 2xE 9E
Az7VeA 2447 F9F xS, I 82T 20 ¢
g WE I XF ZAAZRI|(FD5508, Ilshin Lab Co., Lud.,
Korea)& ©]&3le] -70 TellA 12ARF zdxstdet, dAxz€
SRS EHste] FAAER ARSI

Alge] U AOACS] HHH(1995) Fate] SA433]
&, TR gz, 29 AL microKjeldah,
ZAE soxhletd, B A3 ow FAe

Z3A# 3 goll 85% acetone 100 mLE 7Fke] Hi F
3,000 rpmollA] 5EZE A Eelgte] de FAb| thA] 85%
acetate® Yol FE3= FAL 33 WkE A & Gt
ol 500 mLE A-L3ATHAOAC 1984). o|He] 25 mLE
3o ether 50 mL9} S/F 25 mLE 7kt 183F A9 &
35 etherzS FHol= 2Z-S 33] 2A] 3l sodium sulfateS
2 718l SRS A AT TS ether® 100 mL A-83H4
660 nm, 642 nmollA FH=E SH3l F FREE FEE
H a, 2229 b FFE SHE}AL

A

4, Mz

Zalgrte] MeiE= AabA(Model CR-200, Minolita Co.,
Tokyo, Japan)S AM&-3te] ZA&F 0™, Hunter scaleol] ]3|
L(Lightness), a(redness), b(yellowness) #ko2 FEAISFAL, Zt
7 33 Z4ste] PaAgor ehidt. EEdRoz w
(Y=94.2, x=-0,3131, y=0,3201)% A}&3}3c}.
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7714 ghFe AAEdE AlE 0.5 goll HNOs 9 mL, HO, 1 ml
E 7} & Microwave system(MPR-300/12S,
Milestone Co,, Sorisole, Bergamo, Italy)& ©]-83}o] AHE3|=
A AeE stk AAEs Alsdd FRFE 99 50 mL &
43k & ICP(Inductively Coupled Plasma, Thermo Jarrell Ash
Co., Franklin, Mass achusetts, USA)E &3}t 24 4
+ Ca, K, P, Mg, Cu, Zn, FeQ 2 ICP ZEFA|9F(AnApex Co.,
Ltd, Daejeon, Korea)S ARg3te] TFEIAS ZHA5IQ1AL o] &
Axbell ARSI FEde HFsE7E 0, 25, 50, 75,
100 mg/mLE HEEF gAsle] FFAFAE ZAste] ALt
stolrk. BE SAe 33] vHESGIT)

digestion

6. SAIAz]

A A= SAS Z 2T W(Statistical  Analysis  System,
version 9.2, SAS Institute Inc,, Cary, NC, USA)}S ©|-&3}4]
meantsp2 UERNQT, BEgel EAA fold BAe
Duncan’ s multiple range testl]l 98] «@=0.05 FFolM 7A
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LED €S gefste] e Sshjds 8 & 454
z28 $AAx F FE, 238, =AY, 2EE 5 dukd
Bo] 3k BA3 AvE Table 13 2oh, FREIGFS 9%
AZ FT W 9.38%, B 5.70%, R 12.21%, C 7.84%J A7
Z 5 W 9.95%, B 11.30%, R 11.25%, C 10.45%3{tt. 24
F stolA AulE FsRe] i e Axzdel
2t fFoFoR Apol7t e AR YT

AE W e AT 2 7R Al vl 283 820

Table 1. Proximate composition of raw safflower sprout dried by different methods
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CI2 B ZAI2 MiE Bshisel 2T W olseis Sy 719
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a4
%0,

o2 A 7 3F AT F3 FHAE AuE AL
£33 9t} Kim TS §(2012)9] AFAH by Ax o
Ao g Fddd wgt F45d Aot e AL
2 Biusged FFFYWRM)  90.37%, FE33-U(BRM)
90.86% % AAFY RRM)O] 93.20%F YeR} FLo uwje}
TR oAl o7k AL Az W wEk FE
Shegol dA3] Aty Aoz veRgth dubdom A%
AN F FERIFL 90w oJFoR ZAEHYL o)E oY=
dozAE HE JHATE glov Zgold <, H3 2
vZg vlad Fo| Ffat o] AFFr|de £
o] Pk de|A chFeng 1997). 232 T
Z 3 W 4.82%, B 12.22%, R 4.33%, C 6.30%}3L &2
AW 4.75%, B 4.44%, R 4.00%, C 3.65%% A T8 A
2o sl 3l FEke] WA SAEeH, B 2ol
A FspAAe s)RsheFo]l Eghth =AM ke w244
Z Al W 8.06%, B 6.88%, R 12.29%, C 3.77%, GZAZ Al
W 6.24%, B 5.28%, R 5.66%, C 5.28%2 Wwe| BA4Adx% &3}
Aol A geFo]l A JERHtE R ZWEtdlA AuE
Feligte] 2F FAAZ Al AsEFe] =4 Jehdt &
3t 24 ) A e 359 o]Ato|y wol 3 jir AF
StHAl A gheFo] RAdtal FAEo] W AW FEA|
Wog R} Wol gy T A WA Geth o
AL ol Al B2 4ol UATE AREHEH ojuf ojFE
ARgEo] AieME Ao HAEHA @ethChoi BH &
1993)

Zehd ke GEAZR W O1652%, B 15.40%, R
14.55%, C 15.4602 Fodt zto]E Jegga, 54712 W
25.19%, B 15.72%, R 25.53%, C 20.13%= W<} RollA =7
UL BE B2 S|t o] A dx W et
Zoh e welb RrolA FAZIE Al E9kTh Kim B &
(2013)9] ATAY FYLE DEst Auig 22Adz] A
Tl e R 16.59%, B 15.36% % W 25.16%% B.1sto]
S Blek dlE SRS YER QT

Kurtzwell P (1999)2 A AR A Al #o] Ex
A7l 4E A3l JFUARE AT 3] Hste] @A) b

oo

[e)
L.‘_:U

fo o
2 ol ofy
BN Azl

(Unit: %)

Method light color Moisture Crude fat Crude ash Crude protein Carbohydrate
w 995+3.31™ 8.060.52" 475+0,30™ 25.19+1 84" 52.0540.35"

Freeze B 11.30+3.51° 6.88+0.24° 4,44+0.80 15.7242.01° 61.66+0.40"
dry R 11254414 12.29+0.77" 4.0010.56 25534202 46,2310.43°

C 10.45+3.78" 3,7740.34° 3.65+0.19 20.13+1.79" 62,0020 46"

NG 9.38+4.36" 6.24+4 46" 4824093 16524167 63,0420 46"

B 5.701.85° 5.28+3 49" 12,2240.21° 15.40+1 36 61.420.49°

Hot air dry . b . b

R 122145 43 5.66+12.55° 4331070 14.55%1.06 63254027

C 7 84410 5.28+3 20" 6.30+0.79" 15.46+1.12 65.12+0 49"

VW white light color, B: blue light color, R: red light col

? The same superscripts in a column are significant each other at @ =0,05 level by the Duncan's multiple range test,

¥ NS : Not Significant
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vl 54 2 gaksl B3] 3 o) Frleked ole ¢
3] A3t Aaof vla Al 3u] o) wrhal Bagh uf 9l
Han JH 5(2003)2 & WolAlA 7z & ditdES
Ay} 8 2.8%, =T 31.43%, ZAW 20.0600 2
Shako] 4.18%2 Aog Huslth I3RS T
g Wk gty R 2
2 =2 A9t ol A AEE AR F3pA
27h oy obd AAE HE] AujEAY] wiite] =%
WA 222 WolAl7] B 74k Zo g AZhEr
Park ] 5200802 Hz| ¥& 4% 52 1z F zuy
9 22 SRR foAd Aolrt YERA] gttt Bl
sto] B dAFAFels dAEHA @ AEFeIL, Kim TS &
20122 th& F9o A FapAte] e FEF2 W
oAl ok A ShF2 BolA] EQktha Halste] F¢le
Fio wel 2 Al o7t JSE ARXFEFLE A
Kim HR 5(2007) Si-E%s s21%, A30x, 431z
of WHog X T VAR =4 2 Az o2
7} Adae] shgHlEe Akt okl sk4lal, Ki
(2000% wiste] Azugol uh2
o7} gltha Huate] B AFAdel dAehA ettt 3
Kim EJ 5(2013)& 24 F22 9 gRoka Foja Aufh
ZIYE Y oAzl RS A dFdx o
Aek Ad £E2 RoA 7P Sk 2ddE,

3 ol welM 7P =7 Yehsitha g

4

SE o
PN F
3L

N

2z &

Axg g3 2229 IS BAe A= Table
20} 2t AzWHS 2t S 222 a0 g
IZAZ Al W 793638 mglh, B 7468.86 mg¥%, R 7,872.96
mg%, C 5905.92 mg%, &AAZ Al W 15,247.56 mg%, B
15,855.78 mg%, R 16,326.60 mg%, C 10,015.02 mg%ct. &
229 b e IFAX Al W 1,726.56 mg%, B 1,580.48
mg%, R 1,645.16 mg%, C 1,276.88 mg¥%, SAAZ Al W

6,422.24 mg%, B 7,573.94 mg%, R 7,261.54 mg%, C 3,787.74
mgndith, ZEEd F FEFe EFUER Al W 9,662.94
mg%, B 9,049.34 mg%, R 9,518.12 mg%, C 7,182.80 mg%, &
AXZ Al W 21,669.80 mg¥h, B 23,429.72 mg%, R 23,588.14
mg%, C 13,802.76 mg% AT},

229 ax SN, F224 be FEAS Yy 1
HE2 3R E2A% S22 9 F42 Mg, A9
3 S Feoldh A 9fo] o] &2 & phorphyrin 30|
M, o] FEol GEAE AFstY AstE W &% §E
EAEF= Fedt Mgo] X|$HEo] HMAE AAshs 2P &gl
#FoJsl= Aog RuEI QYUHKim KT 2003)

2 A3 gix272 controld} H|WE| E uf, HSAM
Uetll= 2229 a9 ol S22 boll Hla] w2 7
< Boom, 3E A2l Bluelt Red®] F3p&elr] F2
2 ool = YT Kim KT 5(1994)2 Eelele
229 11387 mg%, F22Y a 823.5 mgh, FEZEE b
315.9 mg, 1L AlgA| F SRR 947 mgh, SEEZ
a 698 mgh, FEEI b 249 mgh, VUE FFEEF 612
mg%, FEEZ a 462 mgh, FEEZ b 153 mgurttl H
&K (Schwartz SJ, Lorenzo TV 1990).

Park S 5-(2008) Hez|gle] 1z WHE F223 3
A3 A9 ARy FEFEEE dHe 805 mgh, FEE
g a2 597 mgw, Z229 b 208 mgh, A T 7AZMHD)3H
B9 2Fea9 FF 2489 mgw, S22 a 1863 mgk,
FE229 b 627 mghE B8ttt S2A(SD)gE Hejele] FF
229 3R 2547 mgw, FZEY a 1783 mgh, FEZ2F b
763mgn %L, AT FANRED)F Helde] & 2 IF
L 1562 mgh, FEEE a 1240 mgh, FEEH b 321 mgh,
AxERIA HAx=mw)gk ®edle]l FEE2d ke 629
mgh, S22 a 414 mgh, FE22E b 215mgu= IAF T
AZHD), F76D)FE Heldlolx] F FAAZRFD), A
A AZMWD)e} Bl 2 S22 TS Ve

2840 2229 e Y Al Efste 2T
upet vl th2A vepdth A4 W R Fho]l How 3

opu fil oo mlo

Table 2, Chlorophyll contents of safflower sprout dried by different methods

Chlorophyll

Method Light color (mg%)
a b Total a/b ratio
w” 15,247 5620.0" 6,422,240 1 21,669.8040.2" 2371
Freeze B 15,855.78+0.1" 7,573.9410.2" 23,429.72+0.1" 209 : 1
dry R 16,326.600.0°" 7,261.54+0.0" 23,588.14+0.1" 224 01
C 10,015.02+0.2° 3,787.7410.5° 13,802.76:+0.2° 264 11
W 7,936.38+0.4" 1,726.56+02" 9,662.94+0.1" 459 : 1
B 7,468.86+0.17 1,580.48+0.1™ 9,049.34+0.2" 4731 1

Hot air dry . b .

R 7,872.9610.2° 1,645.16+0.1 9,518.1240.1 479 1 1
C 5,905.9240.0° 1,276.88+02° 7,182.800.1° 463 11

VW white light color, B: blue light color, R: red light color, C: control

? The same superscripts in a column are significant each other at a=0,05 level by the Duncan's multiple range test,

S 2 F 22 83 A A 297 A 635 (2013)



o] daste] F1Bel Bt Sele] Asue] PR wk
of Qdlow ZEed Aol Azl Fdo| Astut
Aom gelAl itk web Az F 2xed Pl Az
ol ol Aololr] mrke NEA W G AN Bf
& 5% Gl ek Aolh 9 Ao BEHErHKang YH
1997, Kim MJ 5 2007),

3 ME

Ace oIy F4& Wgsied Fad 29l F9 v
olm, Ao Awg ZH% A Table 33 2t H7
AeE YePe 13 g4 2dS Ho 3l = =
AHA ol 2x9 9FS A WA g ¥ FE
Z 3 Z3AolN b2 Axos HAxd IIAg%
o ZHE o] AA dojyty] WiEoE AlEET)

28 ALs YelE a 32 BolA Aulgte] dF =
Al 7V =93 AR A A& g BAE Y
ERIQltt. 53] woellA Auist as FEAUE Al 22002
Ueht Ao el Wil A9 glltt FAEE vehle
b Fhe dFA= 3 W 923, B 1423, R 11.78, C 10,44, &
AAZ Al W 24.46, B 22,10, R 22,78, C 23.2291 FME-E
YehlE b 2 52471x% A =3t Y] A=E Y=
L 7S IE7A% Al W 21,96, B 27.38, R 23.70, C 25.10, &
AAZ A W 45,05, B 44.65, R 48,55, C 397291 TAAZ
StaL ReA Aig St fejHoR =A JERT
2 AFEY Azxd wE HATE el a 32 wollA
Auste] w212 Al 71 A BoA Aulsie] dFdx
Al 7P A JElET RS JERE b 32 wollA
Aujste] AR Al 7P =9ka wollA Auiste] dFA
Z Al 71 wekth ek ¥)1E JERE L 352 RelA A
Histe] FAUAE Al 7P =9ka wellA Aulste dFAx
Al 71 Gkt Park §) 520080 AAEE dejdt Ry

[ |
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Table 3, Color value of safflower sprout dried by different methods

Color Index
Method Light color 2
L a b

W 45051003 -2.26+0.02° 24 4620,04"
Freeze B 44654002 -0.49+0,04" 22.10+0,04°
dry R 485580.03"  -2.44%0,02° 22784003
C 39.720.00° -0.4940.05" 23.22+0,00"
W 2196+0.00°  1.38+0,00" 9.2340,00°
Hot air B 27.38+0.14" 2.74%0.06" 14,2310,03"
dry R 23700000°  2.38+0.00° 11.78+0,05"
C 251040,03"  1.2240.10" 10.44+0,00"

VW white light color, B: blue light color, R: red light color, C: control
7L lightness, a: redness, b: yellowness
¥ The same superscripts in a column are significant each other at @

=0.05 level by the Duncan's multiple range test.

o B2 AxE Uthlle L #e 33 29 e s28dx

FD)E g Relde] 71 =A SAHES
g3t Azmw)g Helele] 7P vigltkar ®askeict, o
v 2x9 JFgs A wAgs A ARAZx (FD)3+ B
YollA the AzxHorn Ax @ wHejdrt 2wl
A7 dojutr] wiEolgtar AAsch, B Ao Ane %k
LS Y FAAR Al ZHd ] 7 HA dojytt

AL, AzAERJIAE A

ofd uL.
ofl

H

il
it

c

Az Aol vlg] L e =4 a, b 2 A SHHAG
31 gk shin CS 5(1999)¢] Aot Uttt Az ol
2 kol WAy 5ATAN Ax2e 2 &
Aolgkal HIgk Park JW 5(2002)9] I+ Aol AR
o} o] An XF FAAZED) Wo] thE Az o
2 AAEEEE w Addde] Mg GA Yehve Zle=
At H)

4 oliE e 2o

Bae gelste AF FHAAe A% 2 5A Az
o2 AA7stS Ca, K, P, Mg, Cu, Zn % Fe?| $}3FS =
e AT Table 49} 2T Fe, Cu, Zn9 F=FE 10 mgh
nRko 2 Gekal K, Mg, Ca, PO e Stk 53] pe
100 mg¥% o|de] IFEER FHate] 7 ol IHESATH
Aze geltel A2E I ¥ pRe 52
Az Blas] dFdx Al =4 YERE 53] Ca, K, P,
Mg ¥ ZnoA frelHom Tt ey Few FAUES
Sl A E= A JEbTE R AR AA Ca, Fe,
Mg, K 55 ofF shrethar givh o] 945 AAl WelA
Qole) WaEE ollsi 28 Brokn deld sl
(Greenwald T 1998), £ oM %E Ca, Mg, Fe, K 59| =
A it G ARAES 1A F 240 S fAt
A UEbtal(Feng F 1997) Axde dAz] @l whet
2713 240l AR Aol7} SIS ol Azaie Wy
of w2 ol wie Aol feH Y Ex g A ZE
U dio] fEld Aoz FE

Kim EJ $(2013)& FA7AZ3 B2Fglo A9 K, Mg,
Cu, Nao| E=kal, Fe, Mn, ZnS GEAX3 B2 Zglo A%
o] ESktha gt} o]Fx WIS A gt thEe AR
dze] 92(Ca, Fe, Mg, Na, K)E W FHratar glo] o
o] 2HstE WA Bk olue} o= Arol Hfet 2
A7 A0l Fslel ol A58 Fe AAe Ave ot
H31(Greenwald T 1998, Montville & Schaffner 2004)2} H]
A W, &3 A% A ca, K, P, Mgd| $FFo] &l
QE02e AN po} Ca, Mgl Tl o} o}
A zst $214 ges 240] vls- v,

Kim DS} Lee KB(2010)9] MAALE FAAZE Foo
Ca 9 P Shge dvbaiie] FAURFEH vlas] 3w o],
Fe2 s, K& 2v], Nax 30-40%7} =gkoba gt} Son
DMQ009)el st BRI AReA Fr)E FEFE K
Aol 714 Esten] theee duks Aageld

Scha wIBhelm, Mge FAY TR A4, /me 4

H

e L E] rlr
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Table 4, Mineral contents in safflower sprout extracts by different dried methods

Method Light color Ca K P Mg Cu Zn Fe
R 79.68+4.36" 56241446 136581993 79.63t767°  1451046°  075%0.15° 2.54+0,50"
Freeze w 71.08+1.85" 73,9543 49 157.92+16 21 87.79+11 36 1.50%0.49 0.88+0.16" 31241017
dry B 73,7625 43" 70.31+12.55 156.26+36.70 85.98+17.06 1.53+0.27 0954075 3.47+0.78"
C 73724410 74.14%3 .20 166.02410.79 91.65%6.12 1.57+0.49 1.0140.11™% 2924072
R 109.82+1.49" 91.21+10.03 1944441162 117.66+5.28 1.62+0.43 1.61+0.34™ 2.63+0.32"
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