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Abstract

Chemical compositions and DPPH radical scavenger activity in different sections of safflower (Carthamus
tinctorious L.) were investigated. Protein contained 28.39% in sprout and fat contained 20.47% in seed, respec-
tively. Linoleic acid as predominant unsaturated fatty acid of safflower contained 80.01% in sprout and 78.27%
in seed. Glucose contained 1253.6 mg% in sprout and fructose contained 970.7 mg% in sprout. Sucrose contained
912.0 mg% in flower bud. Succinic acid was included 2795.3 mg% in flower, malic acid was included 2054.8
mg% in leaf. K as minerals contained 2826.8 mg% in leaf and 2613.6 mg% in sprout, Ca contained 1999.8 mg%
in leaf and 1160.9 mg% in sprout. Total phenolics contained 5.8%, 4.7%, 4.4% in flower, sprout and leaf, and
total flavonoid contained 6.5%, 2.5%, 2.0% in flower, sprout and leaf, respectively. Serotonin-I (N-[2-(5-
hydroxy-1H-indol-3-yl)ethyllferulamide) as serotonin compounds was determined 147.7 mg% in seed, ser-
otonin~- IT (N-[2-(5-hydroxy—1H -indo-1-3yl)ethyl] —-p-coumaramide) was determined 155.4 mg% in seed. Acacetin
as flavonoid compounds was contained 116.5 mg% in seed. Luteolin as flavonoid compounds was identified
388.3 mg% in sprout, luteolin 7-glucoside was determined 692.3 mg% in leaf, respectively. DPPH radical scavenger
activity was measured by DPPH method, it was shown higher 114.2% in ethanol extract of flower and 113.6%
in ethanol extract of leaf than 88.05% of 100 ppm BHA as chemical antioxidant.
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AEe Azt HFNEA o]8rbeAdel At A7(16,17)
ol X3 ole AAolvh 2} F3e] e AR E
Aol izt A= A A7 AAo)H oo  ATME
239 AEAE B HIEA AALdEEZAY =8AL =
o|xAt 4t F3he] Fed AEEA I DPPH(L1-di-
phenyl -2-picrylhydrazyl) radical 27 #4-& ZAtstgdch
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ACH (18)oll whet ¥4 3taich
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A5 1 gl 80% ol &t-2-4-< 100 mLE
4, 225 heating mantelell 4 80°C, 24
7t WH8-3% ¥ Whatman No. 52 o #st¢ich oztofe
hexane2 2 A A& A3} 40°C AFFE A F 254
5mLE A 43 t}-& Sep—pak CisZ 3441 A 0.45 im mem-
brane filter 2 ]33} 3 HPLC £44 A 82 AM43lgdc)
o]u} column-& carbohydrate column(ID 4.6 X 250 mm, Wa~
ters Co., USA)L AL-8-8l9] 21, column oven 2%+ 35°C,
mobile phase+ 809 acetonitrile(isocratic), flow rate= 1.0
mL/min, A 85 8-& 20 pLo] 2712 2 RI detector(Model
410, Waters Co., USA)lA 75319 cH6,19).

714 B2 Az 7 1 gol 80% ol &84 100mLE
7}slket 5 W 7)1 23] heating mantleol A 80°C, 24
7} ¥k8-3% ¥ Whatman No. 52 o #slgdch ofapef2
hexane2. 8 A& & |4 % 100 mL2 &3t ¢ A
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Lol 5 mLS #8ld Sep-Pak Cis cartridges ¥ 0.45 um
membrane filter2 o] 3}t ¥+ HPLC(Waters 510, Waters,
USA)E 84319t ol columne supelcogel C-610H(7.8
x 30 mm)E AH&3stgd o, column &%+ 30°C, ol 54
0.1% phosphoric acid, %2 0.5 mL/min, 73 %7]+& PDA
(Waters 996, Waters, USA)& 215 nmell 4 #4315 H6).

2713 &4

AZA 855 550°CellA 2 1;1;} Ydg F SRR
= AlJ_ HCI: H20(1: 1) 10 mLE 7}3ted &8 Azt o]

£ water bathAellA] Zdw ]5’]_1. HCI: HO(1 : 3)4-9
10 mLE 7}ste] Q3 ¥ 574 100 mLE A &3k 4
gl o2 3ladct Ca, P2 Pt ICPUCP-AES, Jobin-Yvon
38+, France) 2 Asu s, Aziaons, Aozaeroll A ZH2 B4 381 3
Zn, Na, Fe, Mn, K, Cu ¥ Mg 52 AA(Perkin Elmer 303,
Perkin Elmer Co., USA)2 Azizs Asseo, Azass, A2ms. Avss,
Asus, Amsoll A 22t 4 8kedoH6).

X|gHat 24
AZA R 10 g€ n-hexane 100 mLE 48417k A&kt 3

Whatman No. 2 o] 3}=) 2 ofs}sbgdc}. of pei-2 40°C 7t
x2%3}o] n-hexaned $413] A|AE F A4 0.1 g& 13%
BF3y/MeOH-4 ¢ 2 2] HFAF methyl ester$}sle] gas chro-
matography(GC, Hewlett packard 5890 series I )2 #4335}
oot olu) 23-& HP-INNOWax (60 m* 0.25 mm id)<, Z
-2 %= 150°C(10 min)—5°C/min—200°C(2 min)—1°C/min
—220°C(20 min)2- 2, 7} %7]+& FID(Flame Ionized Detector)
£ AH&-3FsTH6,7)
ZHE 4 S8R0l £
A 5.9 &9HE e 754 54 o) phosphomolybdic acid
9} uh-g-3le] FA-g el ZE o143 Folin-Denis™
(20-22)0. 2 &4 syt & AFA 8 1 goll 80% o524
4 100 mLE 713k $t5-324 717} 32 = heating mantles]]
A 80°C, 2417} ¥¥8-3% & Whatman No. 52 o] %3}l c}
of }f-2 hexane 2.2 A A& AAZ obg 5 50 mL<
#Hsbo] 40°C A T5S AL F80% AL LA 5mLE A&
sksith. 19 A4} 1 mL9} Folin-DenisAl ¢ 3 mLE &3t
shod 3087 A2l W7} ohg 10% NaxCOs 49 3mLE
7}ate] Eista A4 1A A X AZ] F 760 nmel| 4]
F45E SAskch olw £F7%F41L tannic acid g ©]
43t zA el
% flavonoid %S A2 A 7 1 goll 80% ol &h-g-4-< 100
LE 7}sle] 5 d7zt7] 7} %35 heating mantleol 4] 80
2/‘] ZF WbE-F 2 & Whatman No. 52 o] 3}3}ic}, 3=
-2 hexane2 i A A& AAZ obg FFH 10 mLE 3}
o} 40°C A AF55 A1 F50% NS4 5mLE AL
stk 91 A %"—‘1 1 mL#} diethylene glycol 10 mL-& &3s}
2 ©37]ell 1 N-NaOH4-9 1 mL 7}3}e & &3¢ A& 37°C
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SerotoninsletE, acacetin, luteolin ¥ luteolin 7-glu-

coside Mzt

A=A R 1 goll 80% ollgh-2-4-9 100 mLE 7}3}ho] g5
Z+717} ¥#29 heating mantleol| 4] 80°C, 24| 7} vt E-Z& &

fo

Whatman No. 52 ¢} #}3}9jt}. o] 792 hexane o & x4 &
AL 329 50 mLE #ste] 40°C 2AF 55 Az ¥
5mlLE A3t AL 3 mLE Sep-Pak Cus cartndges
% 0.45 um membrane filter2 o 23+ 3 HPLC(Waters 510,
Waters, USA)& Al-4-31], 1 Z314-2 PDA detector(Model
996, Waters, USA)Z &3 % 2 scanning?dr ¥ o} 3}
Aoz BAslgdo) ol column u-Bondapak Cie(3.9x%
300 mm), EJrﬂQ— serotonin % A & 300 nm, acacetin< 330
nm, luteolin ¥ luteolin 7-glucoside® 340 nmel 4] &4 5}
S5, o] FA A £l 20% 24N (pH 3.0, HsPO4), B
4= 80% WgtE4dog slo] FE)L7E HAetg
i, BFEH 5 N-[2-(5-hydroxy-1H-indol-3-ylethyl]
ferulamide, N-[2-(5-hydroxy-1H-indol-3y})ethyll-p-coum-
aram-ide, luteolin ¥ luteolin 7-glucosidet Kang2] W+
(22)el] whet A A sko] A}-8-3}91 31, Acacetin Sigma Chem-
ical Co.(St. Louis, USA)ol|l 4 8] 8o AR8-3}51v}(8,11,24-26).

DPPH radical &7 M &3

DPPHel| ¢]3t gh4tsl ety S A28 1 gofl 80% i
&4 100 mLE 713t #FE247171 222 heating
mantleoll 4] 80°C, 24] 2k HF&-%-% ¥ Whatman No. 58 o3}
gt t}-& hexane 22 XA A A F 100 mLE A -&-3}sich
# A4 1 mLE #3led 0.15 mM DPPH #&t-&-8-9% 4 mL

7}ate] voltex® o 3}711 T3 ohg A 204 3087
A& F 517 nmell A FEEE SA 3ot o)@ BHA %
£41& 001,005, 01% S 52 3le] T3ty g &5
£ &#%}9 .21, DPPH radical scavenger activity (%)=
A BAH7HF FAPEY R EAE M-SR BA S
(10,27,28).
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Table 2. Content of free sugars and organic acids in different sections of safflower

&7 24 735

Table 1. Proximate composition in different sections of

safflower (Unit: %, dry basis)
Composition
Sections Crude Crude Crude Crude Nitrogen
protein  fat ash  fiber free extract
Shoot 2839" 345 1736 1364 37.16
Root 2.89 1.31 348 2453 67.79
Stem 2.23 0.46 514 2742 64.75
Leaf 17.40 674 1172 1175 52.39
Flower bud 12.02 5.44 563 1253 64.38
Flower 15.31 484 651 10.51 62.83
Seed 17.24 2047 3.51 6.88 51.90

YEach value represents mean of triplicates.

DPPH radical scavenger activity (%) =
A+ F3=
HzTe FHT

(1- ) X100
Date Xz|
B AT nE AFe 33 uE &
A FiFzte s ehliglch

Hatel A8, 2

+A4
"R 9o, 7‘]‘” ke
$oll 714 wol sl
3131 ] :Lf# & 747k 28.30%, 17.36%, 20.47% L 27.42%
o] Ao AAE £ w F3te] o =
/51% A ‘}“—‘V‘—/] FHLR2A o] 47A7} ok & 5 gl
o, £3F F 58] K 2= A S wol el 9le] A%
Bl Al EA f-A] AAte] Al EU 52 AS-He] 458 3l
& & it

welg o 7o =4 .

E3he] F9 frelda f7)4F 242 Table 294 2t
T2 F2l4dell = sucrose, glucose, fructose S-o] el =gl
I o g8 E4ol+ glucose’} 1,253.6 mg% fructose”}

(Unit: mg%, dry basis)

Free sugars

Organic acids

Sections - - -
Fructose Glucose Sucrose Tartaric Malic Succinic Fumaric
Shoot 970.7" 12536 16.6 - 9342 237.7 8.1
Root 660.8 3835 1,055.5 - 538.9 95.1 78
Stem 2758 1374 358.2 - 57.1 769 1.1
Leaf 1377 110.1 931.6 1,1629 2,004.8 972.4 33.0
Flower bud 812.8 489.4 912.0 - 281.0 117.0 2.2
Flower 731.2 248.2 2.8 230.6 780.7 2795.3 6.6
Seed -2 - 157.3 106.3 - 97.6 2.2

‘”Each value represents mean of triplicates.
PNot detected.
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970.7 mg% 2., sucrose?]

oll = sucrose, fructose %

mg% = 489.4 mg% &
crose?} 157.3 mg% §H-51e] lalct &

S ‘l“‘f‘ E,—E] 9’]’

mg%2} 931.6 mg% 2. ol &=l it
! glucose”} 247+ 912.0 mg%, 812.8
Ho} slglond, A ¥-glelx

AEY - AFF A9 - s - A4 - £3
9ol 10555 Ao} ek olake] AtE 2 Tt ojAM o
FB 08 no F-9+= K, Ca, Mg, P ¥ Na 59 Al E449 7714 33

su-

F2 F7|AF B suc-

cinic acid, malic acid, fumaric acid, tartaric acid -] &<l

H2, 2 F Y $9) FLRANHE

ke 27953 meg% g 3, A ol A
malic acidZ4] Z}7zb 2054.8 mg %2} 934.2 mg% g o). w gt

# 9l el &

106.3 mg%, 97.6 mg% %

o1& =4
Table 3ol £35}¢] ¥-914 F7) ke el 3
F714-& K, Ca, Mg, Na, P 5ol¢it}h %94 F 2 7744
o Fg 2yl Ko A9
mg%2} 2613.6 mg%, Cas %

mg%<2} 1160.9 mg%, Na-2

12.6 mg%, Cux & 2} ¢}

% Q3 oy

o] A
1,7_01_,,]_ oi%]_»sll
mg%2} 355 mg%, Mg-2 o1: 4 29 500.8 mg%, P 3
o 397.5 mg%, Fex o1& &-%2] o] 306.3 mg%, Mne 4
23 59l -7 24.7 mg% 2} 20.4 mg%, Zn<

ot alsdet.

succinic acid2 1
299 FRH7)AR

tartaric acid, succinic acid & fumaric acid”}
1 22 mg% =

-] ol 2826.8

F-9]ell 77+ 1999.8

Ito)l M
= 3 T

el Zhk 418

ol
F-9 el 0.8 mg%2} 0.6 mgHhE B

3°]

Table 3. Content of minerals in different sections of safflower
(Unit: mg%, dry basis)

Sections

Minerals Shoot Root Stem  Leaf Flt(;:(;er Flower Seed
K 26136 8276 1137.2 28268 12806 1659.4 779.8
Ca 11609 240.2 4131 19998 780.2 4634 162.7
Mg 500.8 916 1494 3656 2619 1845 2408
P 179.1 871 2604 3975 3333 1801 540.1
Na 3925 3050 1945 2346 1717 4500 748
Fe 3063 584 112 173 16.5 185 98
Mn 73 25 23 247 87 204 23
Zn 9.1 32 26 109 71 126 55
Cu -2 - - 0.6 - - 0.8
Pt - - - - - - -

i)Each value represents mean of triplicates.
“Not detected.

Table 4. Content of fatty acids in different sections of safflower
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3o} #-4d Aal 24 4 2 3E Table 49 Vet
Ak EF3le] Rod Fo ¥IAWAOTE 14:0, 16:0,
18:0,20:0,22: 0 5-& &Fstz UH L, 2 5 16: 07} A
Aoz Howd o ek noled 53 £3 9 297}
8.92% % Feko] 714 wkgtc). w3l %ﬁ Bx3ixuato g
£18:1,18:2,18:3 Eolalx 2 &2 87.89~90.19%¢l
galct 18: 12 5 F-9] ol 1563%2 713 wel 3¢
3 9, 5 FHAHE s EAE] Al s A2
2 oeyzl 18: 2 ol == A 29 ol ZH7}+ 80,0199} 78.27%
2 7P we] F3tz N2, 18: 28 £319) 2 E ¥-9e
72.29~80.01% TH-= o] 18: 271 39 Fd B E3px]u4l
de o Ut

Zdls ¥ &2 0|=E g2

33te] 59 FuE3 S Eet R ol = e Fig. 1o
Jellch ek 2y oais o 9 ZRog) 1
ol 22k 5.8%, 4.7%, 4.4% H 35% 2 Wol &i=] =
9], o] 71 Kim $(9)8} &g ﬂﬂk—q}ak 22 oﬂ;ugﬂrow
shEol 44 280 1270%, F3h 544 325 875
%, T3¥ HEE FE5E 1234%E f}g 3} s B
sef vias] & o ok Zpolr} gl ot o] = A8 7] B4
I &Ll o2 Aujo] ol R AztE|e ) w3, =5
gr ol §ake| Aw ol oA g o F9lof 42
6.5%, 2.5% 2 2.0%2 wo| &=l alddch ol kel Az
2] 33 293 ol F Felele i B %o
AeeEs ghstn glees A4

SerotoningtgHE, acacetin, luteolin ¥ luteolin 7-glu-.
coside &zt

Fig. 2= &3}9] ¥99 serotonin3}3tE4] serotonin- I
(N-[2-(5-hydroxy-1H-indol-3-yl)ethyl] ferulamide)3} ser-
otonin-II (N-[2-(5-hydroxy-1H-indol-3yl)ethyll-p-cou-

(Unit: %, dry basis)

Saturated fatty acids

Unsaturated fatty acids

1 D 2)
Sections 14:0 16:0 18:0  20:0  22:0 1871 18:2 18:3  ISFAT TUSFA
Shoot 018 753 2,50 050 0.84 829 80.01 0.16 1155 88.46
Root 0.16 7.70 3.13 1.0 0.08 12.77 74.19 0.93 1212 87.89
Stem 0.15 761 067 051 086 1379 76.24 016 9.80 90.19
Leaf 0.19 892 2.03 0.39 035 15.63 72.29 0.20 11.88 88.12
Flower bud  0.13 6.72 2.00 041 068 12.29 77.63 0.14 9.94 90.06
Flower 0.12 6.83 192 0.40 0.69 11.89 7790 0.14 9.96 90.04
Seed 013 6.90 1.83 0.38 063 1173 7827 0.13 9.87 90.13

1)TSFA total saturated fatty acids.

TUSFA total unsaturated fatty acids.

¥Each value represents mean of triplicates.
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Fig. 1. Content of total phenolics and total flavonoid in dif-
ferent sections of safflower.
Each value represents mean of triplicates.
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Fig. 2. Content of serotonin derivatives, acacetin, luteolin—-
7-glucoside and luteolin in different sections of safflower.
Serotonin I: N-[2-(5-hydroxy-1H-indol-3-yl)ethyl] ferulamide,
Serotonin O: N-[2-(5-hydroxy-1H-indol-3yDethyl]-p-coum-
aramide. Each value represents mean of triplicates.

maramide) & acacetin, luteolin, luteolin 7-glucoside &%-&
4 galg AnE el £33 A F e HFFE
3} FAFEE ARAALGEA © AAALIZ2E 45
7} 1 8)= A o2 &4e)Al serotonin(5-hydroxytryptamine,
5-HT)3& 3 &<l serotonin-I< 147.7 mg%<2} serotonin- I
= 1554 mg%S -3k %2, flavonoid3 &< acac-
eting 1165 mg% & 531 2122 &3t} Flavonoid
31380 =3 lipoxygenase A 8 2 T4ks}t 24-8-(28)% 7}
A2 e Aoz 4l A luteoline AL 43} 280 2] 29
o} Z+7} 388.3 mg% <} 20.7 mg%, luteolin 7-glucoside= %
Z3 o2 g oz 29 ztzt 692.3 mg%, 196.8 mg% ¥
1782 mg% = 7} @ol rse] slsdch ol A==z &
] Z35}2] 4] F-3$ el = serotonind}3HE# flavonoids &&
3l acaceting @53tz glol 7IsAA ELN 2 F 83 7}
22 7HA 2 dcha #etE v, obge F3he o oA
B oo & flavonoid3 &4 luteolin®} luteolin®l 34 & &
f3kaL glo] 019 o] &A= Wi Fobx At

DPPH radical 27 &4

2319 230y Azt S 54 3817] 918 DPPH rad-
ical 284 2AAFE Fig. 33 2o} 299 4 #-49
80% o ¥H-& & & °] DPPH radical 47 &4 114.2%%}

P

DPPH radical scavenger activity (%)

Shoot Root  Stem Leaf Fiower Flower Seed BHA
bud 100ppm

Fig. 3. DPPH radical scavenger activity in different sections
of safflower.
Each value represents mean of triplicates.

113.6%% vebfe] 71&¢] §HAd34tstl <l BHA 100 ppm
=% 2] DPPH radical *7% A 881% KT} m$ =L 3Hak
3 84S nely, =3 gEew], oud g A 792 80%
o er-e 2EE % 94.4%, 86.1% 2 84.0%2] DPPH radical &~

A #A-e ek o] A& E314 ethylacetate 8 E9]
DPPH radical 7] #&4J¢| 34 g4tstAl<l BHT 50 ppm -5
x9] DPPH radical 24 A ¥l =2 4348 1y
thE Roh $(10)9) A7A=e} fA18 235 vehfe] &
ghe) Zd3} o F9ollE $53 g & veblle F
29 313 250 g4t 2A & ke sleele A4
o] o] & o] &3 HAZAA ArtEAE Fohn A4
o] zlc},

Q ot
= =

33le] A FANZ2A o] 84S ol FE] FHH
43324 2 DPPH radical 27 84< ZAshgch @
& oA 9] o) 28.39%, A HF-E K 9] ol 20.47%E Eo]
55 91t Glucoser A& & el 12536 mg%, fruc-
tose o] el 970.7 mg%, sucroses ZEE 22 -9
912.0 mg% 2 o] g-55¢o] 2l%rh Succinic acide 2%
2-9]¢)] 2795.3 mg%, malic acide %3 A2 -9 o 742}
2054.8 mg%<}t 934.2 mg% 2 Hol| IF-3tx itk 7714
2L Ko g3 ofaa B9 ztz}t 2826.8 mg%t 1999.8
mg%, Ca =3t 45} -4 ¥ o) 27} 2613.6 mg962} 1160.9
mg%E @ol sl ). Llinoleic acide ol H&4
A 39l 74z} 80.01%9} 78.27% 2 7+ wel &R-3tz AR
o}, e B9, 98, o ¥l A7 5.8%, 44%
9 25%, 2ZetRcole Fuke 9, o4, o F9ldll 7
7+ 4.7%, 65% 2 2.0%= ol i3t 3l ct. Serotonin
(5-hydroxytryptamine, 5-HT)3}E4l serotonin-I 33}
x] B-9] o] 147.7 mg%, serotonmin- 11 =3 344 3-2jol 1554
mg%E 4513 U3, flavonoidd§HE<l acacetin® ¥
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