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Oil Compositions and Antioxidant Properties of
Safflower Germplasm Collected from East Asia

Jung Sook Sung’, Yi Jin Jeong, Da Jeong Kim, Awraris Derbie Assefa, Young Ah Jeon,
On Sook Hur, Na Young Ro, Ho Cheol Ko, Hyun Choong Ok, Ju Hee Rhee, Myeong Chul Lee and Hyung Jin Baek

National Agrobiodiversity Center, NAS, RDA, Jeonju 54784, Korea.

ABSTRACT

Background: To obtain useful safflower resources for breeding and research of functional materials, the present study was con-
ducted to determine fatty acid compositions and antioxidant activities of 281 safflower accessions collected from East Asia includ-
ing South Korea.

Methods and Results: Lipid contents and fatty acids compositions were evaluated using soxhlet extraction and gas chromatogra-
phy, respectively. A antioxidant activities were analyzed using a spectrophotometer. The evaluation range of safflower accessions
showed very wide variation. In terms of lipid contents, the China accessions were higher than the collection from other regions,
whereas antioxidant activities did not differ among regions. The result of the principal component analysis showed that the first and
second principal component cumulatively explained 90.6% of the total variation. In clustering the safflower accessions, the tree
showed four major clades. Group II (16 accessions) was high in lipid content, oleic acid and linoleic acid, whereas group III (50
accessions) exhibited higher antioxidant activities than other groups.

Conclusions: It was recommended that the China collections be utilized as a useful resource for research on functional oil materials.
These results provided valuable information for safflower breeders and researchers of functional food.

Key Words: Carthamus tinctorius L., Antioxidant Activity, Fatty Acid, Lipid Content

M o bk = e HAE WIsEES 2] fl8te] FEo kg

Azl e BHEAS PAsl] PuSBYO] B HEA

AU AU 95, sl UE RUHS e Ag WA, AWM 5 A9 A= A8 ts

= A9l walsl AUl Uelel B0 (Choi e ol B AE f2) 05 Auel tha A7k DuS QA

2016). ks 7152 Falst %é*& o] BAE AL ATt (Song et al, 2000; Choi and Lee, 2014; Song and
Z3IAA 778 ArS 9498 4 9= ke st} sk Lee, 2015; Seo er al., 2016).

2 olgHoA= tEA T4 FAISAEE butylated Farag 5 (1989)& M FAE FFHES 3238

hydroxyl-toluene (BHT), butylated hydroxyl anisole (BHA), caraway > sage > cumin > rosemary > thyme > clove =22 3

2-tert-butylhydroxyquinone (TBHQ) -] dtl. 28} o]} 28k Zse] S Bt glEwike EESAHAE
e Ml w2 A 9 oy wggeR A SuE, A WdA o] EvFset SAES Edky
AR Al AEALY] B4R 4 e 5 vk o]E B FEofolrt sk IEAAtol)

"Corresponding author: (Phone) +82-63-238-4931  (E-mail) sjs31@korea.kr

Received 2017 December 4 / 1st Revised 2017 December 21/ 2nd Revised 2018 January 9/ 3rd Revised 2018 January 11 / Accepted 2018 January 15
This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.

ki

32



o

g 540l E

EZSPAILRE A HoAsA gt
Zlol| o] Z2717kA] Q17| gl Wi~ F8%k
A, oA}, 18, 7}&‘% oA}, &
T2, AskEA oY, dAjA T ’;]Eoﬂ @'
(Kim et al., 2010).
OlZ (Carthamus tinctorius L) F3}alol] &3l ddAy
2o IS Zsp, TAE FIAPR Fl] Ao m AL
SHaL QT o= safflower yellowe}l carthamin 5 4%

SHrstal slom, FAtell= o 7HA] Aol
ATH (Kim et al, 1996). YR 2 Au== T2 C
tinctorius®|™ °FFTOZ= C. persicus (syn. C. lavescens), C.
lanatus, C. oxyacanthus, C. palaestinus’} 3L, ©1 52 TFFsh
HEae] Agdolvt WS 7HIAL e AR A
Tt} (Kumar and Agrawal, 1989; Dajue and Mundel, 1996).
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1. g

Foprlo} A GeX FHE SE (Carthamus tinctorius L.)
281 A2 20159 ARAAF] SHFAAAMNE A EA]
Al FA et AAg SAE SRS (Table 1).

ETA= R ated, A W alst 24 A
AANERE o] &3ttt Fatst SAHEAS 913l ASE 200
(Dionex, Sunnyvale, CA USAYS ol&atd 75% olgha= 70
T, 1,500 L&ollX 531921, Genevac HT-4X (Genevac
Ltd., Ipswich, England)2 &Z*12|3}5H

Az w

V- =X

2. N9k

Az H71E Y3 94k, 14% boron trifluoride-methanol
(BF3-Methanol) & % #1tst &g Ao AHEE 1,1-
diphenyl-2-picryl-hydrazil (DPPH), L-ascorbic acid, 2,2-azino-
bis  (3-ethylbenzothiazoline-6-sulphonic  acid) (ABTS), 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox),
Sigma-Aldrich (St.

L=N{e}
o

Folin—Ciocalteu reagent, gallic acid
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6. DPPH 2iC|Z s

DPPH ZUZ &A5e] 442 Piao 5 (2013) WHS o]
SISt 5=7] (HT4X, Genevac Ltd., Ipswich, England)

o]&3at] 75% ollehE SlE FEES T AIEE 100
ppmi 8]43te] DPPH &A% HAAIEE ARSI

3|21l 100 #29} 75% EtOH 100 14 E 96 well plate] Zt
Zkol wellel &F3tSaL, o719 100% EtOH 150 /4 <}
150 uM DPPHE 150 140 & S9H3 The, ¥S Adsted 30
B Ao ¥bEA# T WESA]Z]l 3 ELISA reader
(Epoch, BIO-TEK, Winooski, VT, USA)Z ©o]&3le] 517 nm

Iﬂlo

oA THE=E =43t DPPH radical £27 59 ¥5=2
& L-ascorblc acid= /‘PQ—;F}i—o—tq T SHEE 45

FAPA R gL Asd.
7. ABTS 20|22 S HS
ABTS %ol& 27159 4L Re 5 (1999)°] o] o}

2} 7mM2] ABTS £ potassium persulfateE 2.45 mM

< &SIA1R the, 12 AIZE o) W Bagste] vkl &
7B4mmolA] 0.70] HEE FHIE AT ABTS €92 A}
3Tt
FE=9E 500 ppmoE fﬂ’“@]@] 3|2 10#29} 75%
EtOH 10 /£ E 96 well plate®] Z}z2}e] welloll 531312
=z =2 >~

Z822 190 140 9 ABTSS
2pekated 30 B7F AL

o7]ell 75% EtOH 10 1L 9} 3 =}

Hlo
=

NS 190 A E33 T,
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Table 1. The accessions of safflower collected from East Asia for this study.
Accession Collection Accession Collection Accession Collection
No. No. No.
number area number area number area

1 K184982 China 48 305573 China 95 300396 China
2 K185133 China 49 K186120 China 96 K186218 China
3 K185134 China 50 300367 China 97 K186219 China
4 300327 Japan 51 K186122 China 98 K186220 China
5 300328 Japan 52 300368 China 99 300397 China
6 300329 Japan 53 300369 China 100 300399 China

7 300330 Japan 54 300370 China 101 300400 China
8 K185389 China 55 K186126 China 102 K186225 China
9 300331 China 56 K186127 China 103 300401 China
10 300332 China 57 300371 China 104 300402 China
11 300333 China 58 300372 China 105 300403 China
12 300334 China 59 300373 China 106 300404 China
13 300335 China 60 300374 China 107 300405 China
14 300336 China 61 300375 China 108 300406 China
15 300337 China 62 300376 China 109 300407 China
16 300338 China 63 300377 China 110 300408 China
17 K186088 China 64 300378 China 111 300409 China
18 K186089 China 65 300379 China 112 300410 China
19 300339 China 66 K186137 China 113 300411 China
20 300340 China 67 K186138 China 114 305576 China
21 300341 China 68 K186139 China 115 K186238 China
22 300342 China 69 305574 China 116 K186239 China
23 300343 China 70 K186141 China 117 300412 China
24 300344 China 71 300380 China 118 K186241 China
25 300345 China 72 300381 China 119 300413 China
26 300346 China 73 K186144 China 120 K186243 China
27 300347 China 74 K186145 China 121 K186244 China
28 300348 China 75 305575 China 122 300414 China
29 300349 China 76 300382 China 123 K186246 China
30 300350 China 77 300383 China 124 K186247 China
31 300351 China 78 300384 China 125 300415 China
32 300352 China 79 300385 China 126 300416 China
33 300353 China 80 300386 China 127 300417 China
34 300354 China 81 300387 China 128 300418 China
35 300355 China 82 300388 China 129 300419 China
36 300356 China 83 300389 China 130 300420 China
37 300357 China 84 300390 China 131 300421 China
38 300358 China 85 300391 China 132 300422 China
39 K186110 China 86 300392 China 133 305577 China
40 300359 China 87 K186159 China 134 300423 China
41 300360 China 88 K186160 China 135 300424 China
42 300361 China 89 K186161 China 136 300425 China
43 300362 China 90 K186162 China 137 300426 China
44 300363 China 91 K186163 China 138 300427 China
45 300364 China 92 300393 China 139 300428 China
46 300365 China 93 300394 China 140 300429 China
47 300366 China 94 300395 China 141 K186264 China
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Table 1. Continued.

S0l wWE S8t FHUAH M

Accession Collection Accession Collection Accession Collection
No. number area No. number area No. number area
142 K186265 China 189 300471 China 236 300500 Korea (S)
143 300430 China 190 300472 China 237 300501 Korea (S)
144 300431 China 191 K186314 China 238 300502 Korea (S)
145 300432 China 192 K186315 China 239 K186690 Korea (S)
146 300433 China 193 300473 China 240 300503 Korea (S)
147 300434 China 194 300474 China 241 300504 Korea (S)
148 300435 China 195 300475 China 242 K186693 Korea (S)
149 300436 China 196 300476 China 243 K186694 China
151 300438 China 197 K186368 China 244 K186696 China
150 300437 China 198 300477 China 245 K186723 China
152 300439 China 199 300478 China 246 K186724 China
153 300440 China 200 300479 China 247 K186725 China
154 300441 China 201 300480 China 248 K186726 China
155 300442 China 202 300481 China 249 175073 Korea (S)
156 300443 China 203 300482 China 250 183233 Korea (S)
157 300444 China 204 300483 China 251 185433 Korea (S)
158 300445 China 205 300484 China 252 209879 Korea (S)
159 300446 China 206 300485 Korea (N)" 253 212780 Korea (S)
160 300447 China 207 300486 China 254 221709 Korea (S)
161 300448 China 208 K186383 China 255 247682 China
162 300449 China 209 K186384 China 256 247683 China
163 K186286 China 210 K186575 China 257 247711 China
164 K186287 China 211 K186576 China 258 247712 China
165 305578 China 212 K186577 China 259 247713 China
166 300450 China 213 K186578 China 260 252150 Korea (S)
167 300451 China 214 300487 China 261 252151 Korea (S)
168 300452 China 215 300488 China 262 252152 Korea (S)
169 300453 China 216 300489 China 263 252153 Korea (S)
170 300454 China 217 300490 China 264 252154 Korea (S)
171 300455 China 218 300491 China 265 252155 Korea (S)
172 300456 China 219 K186598 China 266 252156 Korea (S)
173 300457 China 220 300492 China 267 259082 Korea (S)
174 300458 China 221 300493 China 268 259205 Korea (S)
175 300459 China 222 K186625 China 269 259265 Korea (S)
176 300460 China 223 300494 China 270 259270 Korea (S)
177 305579 China 224 300495 China 271 259331 Korea (S)
178 300461 China 225 K186631 China 272 259419 China
179 300462 China 226 K186634 China 273 260731 Korea (N)
180 300463 China 227 K186643 China 274 260732 Korea (N)
181 300464 China 228 K186655 China 275 260733 Korea (N)
182 300465 China 229 K186680 China 276 260734 Korea (N)
183 300466 China 230 K186681 China 277 260735 Korea (N)
184 300467 China 231 K186682 China 278 267832 China
185 305580 China 232 303012 China 279 278506 Korea (S)
186 300468 China 233 300497 Korea (S)? 280 278568 Korea (S)
187 300469 China 234 300498 Korea (S) 281 278678 Korea (S)
188 300470 China 235 300499 Korea (S)

D Korea (N); North Korea, ? Korea (S); South Korea.
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A HRSAIZAT

HES-AIZ1 & ELISA reader (Epoch, BIO-TEK, Winooski,
VT, USA)Z o|&3t] 734 oA FF=E =A3IHth
ABTS radical 2752 ZFE4L TroloxE AMESINY &
H 5T E S0, AFATNOEZTE S ALkt
8. & polyphenol &t 5

% polyphenol $#-2 Folin & Ciocalten WS M3}
ARS8 TE (Waterhouse, 2002). 9% 5=4S 1,000 ppm=
3]A4ste] F polyphenol g S8 HHAIREE o] &35t
349 100 1 ¢+ 75% EtOH 100 144 Z 96 well plate®] zFz}
o] welldl] EFa1om, o719 3 2} F5 10049 1 N
Folin & Ciocalteu A|2F 100 /0 -S H7}slar ALojx 3 Bk
WEEAIZATE 2 v, 3 2F SR 100 42k 2% Na,COy8-2Y
100 £ S F7k2 A7vste] 30 £7F w4121 3, ELISA
reader (Epoch, BIO-TEK, Winooski, VT, USAYS AR&-3}]

B}

A
0

750 mol|lN FFEE S Y. BEEFL gallic acidE Al
|39 o, BFAFN O ZRE F polyphenol TS AlLkst
AT},

9. SHIA2]

BE A¥e o= i £ ITUAE AEsien, 7+ A
X 7ke] FAEAIS R Project (www.r-project.org, R i386
3.4.1, Vienna, Austria)s ©|-83150M, p<0.059] ZZAA
el frold S sk

a i

71574 AR F-&3 AdS Adetarat sollot 4 s
Ql g (South Korea), 53 (North Korea), ¥ P F=
O 2RE] £ 281 A SIFEFAE e R =78k A
He, AR kst w7 AAlsith

1. A DI

Folrlolol X FE SIFE (Carthamus tinctorius L.) 281
Aol =719 HEFS Table 294 72tk FApdo9} &
& 7¥7} 58-8.5mm, 3.4-55mE EEIFon, HiEe 7kt
6.9mm, 43 mm Atk HHFE] 3%, Hat 52.0 g™ 27.0-
832 g% H-¥E3I%

ALY FAA7)E 45mm x 6.5 mmo| PO FAAY L
43mm x69mm, YEZLL 42mm x72mm, 32L&
48mm x7.0mme] A7t H7PE FApe] Zoj9} Zoll= &
z2tol7h gilev, F= Ao dHFol 30.7-832¢g0= W
o|7} Z1om, HHF 60 goldel A HAA F 45 2k
o2 BF FoALECIUTh

- Ofef2[~ OMITt - HHot - ==
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Table 2. Mean, standard deviation and range for seed characters,
antioxidant activities and oil compositions of 281
safflower germplasm collected from East Asia.

Collection sites

Characters

China Japan South Korea North Korea
n=240) (=4 (=31 (=6
|2Eedh 6.9+0.4  7.2+0.7  65+03  7.0%03

(m% (5.8-85 (64-81) (59-69) (6.5-7.5)

stfjt?] 43+03 42203  45%03  4.8+05

oy G449 (3945  (.8-52) “41-55)
Vfge?]t 53.7+8.0 49.9%3.9 40.5+7.5 44.9+49

(5 (30.7-83.2) (47.2 - 55.8) (27.0 - 56.1) (37.8 - 50.8)
1p1 685%212 589+21.8 627+149 703+15.4
(21.0-197.0) (41.3 - 89.5) (36.3 - 93.2) (60.6 - 100.5)
Dppry? A7E19  46%46  44x12  46=11
0.5-143) (3.5-7.3) (2.5-7.4) (2.9-5.9)
ApTSd  724%27.3 685%17.0 7124162 726+11.4
(5.6 - 195.7) (54.4 - 89.2) (44.0 - 109.7) (56.3 - 84.4)
Totaloil  22.4+3.4 209+3.6 19.8222 20.5+2.9
©%) (12,5 -34.1) (17.2 - 25.7) (15.0 - 23.3) (17.6 - 25.9)
Pa;gg'c 6.0+0.6 6.0:0.5  6.6+0.6  63+05
oy 48-85 (55-65 (5.0-7.6 (54-68)
0,
Sge;gc 23404  2.6+05  2.5+04  2.6=04
oy (16-47) (22-34) 0-37) (19-29)
0,

Oleic  13.6+3.8 13.7+12 10.9+0.8 11.5+0.8
acid (%) (9.8 - 48.5) (12.9-15.4) (9.5-12.7) (10.3 - 12.3)
L'gg'g'c 77.7%3.9 77.3%20  79.6=1.1 79.2+16

o (43.6-81.8) (74.3-787) (76.4 - 81.4) (77.7 - 82.0
L'“a‘ﬂied”'c 0.3%0.1 04+0.1  04+01  0.4+0.0
o 02-07) (03-04) (03-06) (0.3-04
0

Values are presented as means = SD (standard deviation). Values in
parentheses indicate the range (minimum to maximum). "TP; Total
polyphenol content (1g"GAE-mg™), ?DPPH; 1,1-diphenyl-2-picryl-
hydrazil (ug-ASC-mg™"), PABTS; 2,2*-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) (ug-Trolox-mg™).

2. K| ket
ZA ko] JHe 21%3om, HA 12.5%, H
34.1%At FFAY L 12.5-34.1%] BXE Byom Ho

22.4%°10th F=ALE 15.0 - 23.3%, B 19.8%Ac. &

SAAL 17.6-259%, HIT 20.5%, LEALLS 172-
25.7%, B 20.9%Ath =3 B3-S 31 ke 2Rlo]

ZA SRS 15.0-25.9%% BXE HoH Hi 19.9%E
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Fhatal AATE 2 el 30%ed F A 9 A
o7 AAAAL] 32%AoH, BF F=AI0I0T (Table 2).

3. Algheh =4

HAAE ] 23 (palmitic®} stearic acid)?} B 3HA]
WAk (oleic, linoleic & linolenic acid)9] H] &2 8.4%<%}
91.6%= HESIAIAE Fhefo] =it ZSIAARe] ek
< FHH7EEE Alol= A9 glgler, EXSIAIAE S oleic
acid®] 95 A|Q|S}aL linoleic acid®} linolenic acid®] 73-%-
T 7F 7R Bargke] Aol A9 flinh

EXsAA F, 7P o]l =2 linoleic acide] A}
Ao HFS 78%A M 43.6%-82.0%2] HEZ WHolr} Zitt,
SR 9] linoleic acid HiF2 79.6%32H  76.4% - 81.4%
o] BXE Btk AAAY F 182 Ado] HHolde]
linoleic acidE SHal= AFolglon, 3= 29 =1, H3l 5
A, i 2 A B T 146 LS XFET

Oleic acid®] 749, AAAL Fde 133%A2™ 9.5%-
48.5%°] EExE BTk F=ARLe] WS 13.3%A,
B T 7P =2 3 (85%)S 7H= ARde] Egy

o] AAT} (Table 2).

4. DPPH 2iC|1Z2 2s

DPPH #tjZd &ASE H7ist 4
4.6 g ASC'mg'e] B4S 7L ANor, SR A
0.5-143 pg-ASC'mg'2 ol 7} S22 25-
74 pug-ASC'mg 'S BTt (Table 2). Folro} 1AL F
DPPH 2}t 275 0] 10 1g-ASC'mg 013l A& A=}
4 F 14%° P om 25 F=Ado|3drt.

s AAAL B
o

ZA3L,

E5} RENY M

5. ABTS &

TRl ABTS 4)-& AA| Ht 72.2 pg-Trolox-mg'$
o, FFAYL 5.6-195.7 pg-Trolox-mg™ ' 2 WHo|7} Z7, 3
AL 44.0-109.7 g Trolox'mg™!, BE3ALL 563 -84.4
pg-Troloxmg' 2 A B, dEAYLS 544-892
(g Trolox-mg' 2 H-Z 3131 (Table 2). ABTS 4°] 100
(g Trolox-mg ']} =& 2118 25 29 (8.9%) o, o]
S 2 Ado] EAESITE HES, 20 - Trolox-mg™ o8}
o] vk B4 S Hl AL 4 A (14%) & BF T=A}
Holrt.

6. = polyphenol &2

Folrlo} A = polyphenol TFHEFS H 67.8 1
GAE-mg o]0 3, AAAFA-E 21.0-197.0 1g-GAE-mg'2] <
2 EXen, Ak Eameleh 2tk = 363 -
93.2 g-GAE'mg™!, B3+ 60.6-100.5 1g-GAEmg™!, Y& 413-
89.5 1g'GAE'mg' 2 FE3I T (Table 2). AAAL T
100 1g-GAE-mg'o]d =2 A2 12 2ol led, o5 &
gk 1 Akdo] EgtEo] dgler vHA| 11 A T=AE
o] ATh.

L

2

Folrot - 9lE (Carthamus tinctorius LYEAS] ¥
T2 27.0-832¢g0 HEE B3O, FHAMHC] Ht 53.7¢
o= et FIAEED Eokor, AYE HolFE itk
(Table 2). °l= =] ¢, W& FES| o Aol gl
o] Aui=EL o} A 7 B7] wiite] thldel &

Table 3. Pearson correlation coefficients for seed characters, total polyphenol, DPPH, ABTS and fatty acid compositions of 281 safflower

germplasm of East Asia.

Characters SL SW SWT TP DPPH  ABTS TO PA SA OA LA LLA
SL 1.0 .093 A433*%*% 023 -.007 -.073 238** 019 .061 .024  -033 -.064
SW 1.0 -127* .055 103 081  =277**% 048 .078  =203** .181** .122*

SWT 1.0 215%*%  179** 100 14 -183** —206**  157** —098  -.167**
TP 1.0 738**  595** 105 -.086 -.138* .018 013 -.065

DPPH 1.0 910** -138* —-.085 —.122* .016 .012 .039

ABTS 1.0 —.162** —.086 -.086 .010 .014 .053
TO 1.0 -183** -.093 .049 -003  —.223**
PA 1.0 206 -.094 -103 369**
SA 1.0 023 -181**  367**
OA 1.0 -973* -.065
LA 1.0 -.058
LLA 1.0

*and **denote significant (p < 0.05) and highly significant (p < 0.01), respectively. SL; Seed length, SW; Seed width, SWT; Seed weight, TP;
Total polyphenol, DPPH; 1,1-diphenyl-2-picryl-hydrazil, ABTS; 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid), TO; Total oil, PA;
Palmitic acid, SA; Stearic acid, OA; Oleic acid, LA; Linoleic acid, LLA; Linolenic acid.
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< Aog FSHTh

S A4 SlEA S HYHFTS 27.0-56.1 g =, Park
(2003)°] K3k olZ: wigFo] 2.9-3.9 01 Aol Hlsl FAR-
Ale] Wol7t Zitk. FALe] FARIe|7t A eha] S
S mXE 240|M (Hoy and Gamble, 1987), Lim &

Table 4. Cumulative variances of first and second principal
components and loadings of 12 characters on each
principal component.

Characters Eigen vectors
1 2
Seed length -0.001 0.004
Seed width 0.001 —-0.001
Seed weight 0.051 0.149
Total polyphenol 0.563 0.812
DPPH 0.058 -0.007
ABTS 0.822 -0.565
Total oil -0.018 0.013
Palmitic acid -0.002 -0.001
Stearic acid -0.002 -0.003
Oleic acid 0.002 0.007
Linoleic acid 0.002 -0.003
Linolenic acid 0.000 —-0.001
Cumulative variance (%) 73.4 17.2

Tabel 5. Average values of each groups based on seed size, oil
composition and antioxidant activity.

Characters (Gnrc;u%) ((irch (l.)l) ((:r:O:pS g; (ﬁriuf 32/)
Seed length  6.7£0.4° 7.5+0.4° 7.2+04" 6.8+0.3
Seed width ~ 4.4+0.4*  4.0+0.4° 4.3+03% 43+0.2°
Seed weight 46.8+9.6° 58.7+9.6" 58.2+9.2% 52.0%6.0°
polyTgfe'nol 652+149" 542+263° 87.6+266' 63.5+150"
DPPH 45+13%  2.7+23° 6.8+2.1° 41+12°

ABTS 71.4+19.7° 413+27.4° 97.4+29.7° 67.1+19.7°

Total oil  20.1+2.6° 28.8+4.3' 22.8+3.6" 222+21°
Palmiticacid 6.5+0.6>° 6.2+0.8" 6.0+0.5" 5.9+0.5°
Stearicacid  2.7+0.5* 2.5+0.4> 2.3+0.3° 2.2+0.3¢
Oleic acid  13.1+3.2° 18.6+11.72 12.9+1.4Y 12.9+1.5b
Linoleicacid 77.3+3.1* 724+114° 78.5+1.6° 78.8+1.6°
“”aoclifj”ic 04+0.1*  03%0.0° 03+00° 03%0.0°

Values are expressed means = SD (standard deviation) and means
within column with the same letters were not significantly different at
p = 0.05.

20k - OfoRRlA OWITH - HOL - BiR% - Y - ISH - S5E - 0FFS| - 0[HE -

2012y FAFFAE FAE SIETAE ARgste] Al 7
¢ ZHEe] ol gl Ko frelshd fAL oM
gt o] opetal Biaigith & A7) ARl A
At FA TR Aol s Holile ot Aol
E04L s s = ofE e, ATt AR ARE AR
Ft} (Table 3).

Carthamus % 2= ZAY &2 C. ftinctorius’t 29.2
-34.0%, C. oxyacantha 20.0-30.8%, C.
20.8%°] M= FFstal Utk (Mohammad er al., 2008).
E AT Folrle}l SIEAMA (C. tinctorius)e] 735, AR
e AAHOR 12.5-34.1%332, o]F =Lt A
15.0-25.9%% ¥¥2 HJt}l (Table 2). YHkz o7 olgEA}
= 6-8% palmitic acid, 2-3% stearic acid, 16-20%
oleic acid, 71-75% linoleic acid® Z/d¥o] Ut} (Velasco
and Fernandez-Martinez, 2001). A"F 242 A1E4 24
#8408 ARk FoF 8o, ABFd we} 24 W
017} thyeh Holoh.

NLEA 0AL A8 E ARIGOE olgo] Zle] 1)
2 2 TeERE oAl Atk Adle dElEEil o ®
3 Q7R wiEEw gk, 22
A 29e] A9t The BRe) ABY Holodst FYs
YT wold] o gu, LA 0] AP, 4%
2o olgAom ArHgion), MEe 1R Aol
E 715 AR, A8AA, o 5 TiFE RollA 1
7E7F SHEAL T (Liu et al., 2016).

Folrlol A F, IT300331 ()= 4845%%] &
oleic acid®] TFFEXAFS EIth ©|= Sung 5 (2016),

lanatus  15.3 -

Principal Component 2

Principal Component 1

Fig. 1. Projection of 281 accessions of safflower from
different countries. *; accessions of China, +;
accessions of Japan, X; accessions of South Korea, and 0
; accessions of North Korea.



Fig. 2. Clustering analysis of oil compositions, antioxidant activities, and seed characters in
281 safflower accessions collected from East Asia.
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=

Knowles (1965) % Fernandez-Martinez 5 (1993)°] 7|23l
gk QIE g wpF|2ek YRS Hls] gl =4 Fhe

U, 7129 gEiA dE s AuiE Qe olZZo)
oleic acid TEFZAART} S8 =gt} HLAFZEL linoleic

acid gHgo] 2 AlEo] tiF-2el7] wiel 1T3003319F 2
2 A g Ao S B8] 8 o=
Abs T

EFAE 715S AL
A kst B8 THE RS
B3 (Choi et al., 2011) %3l UL
-feruloylserotonin®]2H= Zlo] 830w
o] o] &% a-tocopherolZt Bl WA= 3
AR A EA e 7HsAS BATH (Song et al,
2000).

2 AT sotrlol £ slEARAAE FR=7PE A
slegdol ztol= A9l fIoL}, ABTS &4 H7klA T=4}
YEo°] 5.6-195.7 1z Trolox-mg™ & Wol7} ZAt} (Table 2).
=R A19le] DPPH 2752 Bt 4.4 g ASCmg 9
2.5-74 18- ASCmg™ €] W<l 3USNem, ABTS 274
Hat 71.2 pg-Trolox'mg™ o], 44.0-109.7 12 Trolox-mg™! 2]
EXE Bth & polyphenol S B 63.9 g+ GAE-mg!
O]9 363 - 1005 12 GAEmg ' 2 21T} (Table 2).

< polyphenol 3z Akt &2 7kl A=A e
o2 RISIAZ o™ (Lee et al, 2005, Kim et al.,
2010b; Choi et al., 2013), ¥ AFolX % o]o} kst A}
£ 4& F AUAgTh Forol = SlEAAS] WriaEE g
SAAAAI= Fig 1 E Table 33 722 A5 AU}

DPPH =t 475S ABTS 4 (0.910%) %
polyphenol $H3F (0.738**)7} =& o] A4#A (p < 0.01)
E HYOom, o= Pasko 5 (2009) ¥ Sung 5 (2015)<]
Ao} FAFSIE. Linoleic acide oleic acid (—0.973%**)9}
73t Fo] AHAAE B0, stearic acid (=0.181%%)2}%
o] A#S vERlTh 77 A7) ®ogks o]&ate] F
A1 (principal component analysis)dt A3} A1 3} A
AEEEA AA "ol 90.6%% AT & AT
TR (PCHOE w09 734%E dMT + A=,

s 9 ABTS E4#9] 719=7F Utk

al

b
x|

A

3

AN M

A1
% polyphenol
(Table 4).

SoprolrR SlEA ] At kst BAde] A
JAH3l 4 aFo=R
79 Ale Eoshs IEl & X3

o
=

T = R
4 7 ZERT HwF =& APEo|QTt 2EN & 16 AL

S ¥gel dlew, AW Hadhsk, B =
oleic @ linoleic acid ZAIVE& 8|3 FAke] Hgdol7} th

2 aEFE9 Hja) Atk 22 L 50 ALe Tegon,

- Ofef2[~ OMITt - HHot - ==
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o2 250l vlE] =2 % polyphenol =3} ksl A4S
Btk 51V & 4278 S et 136 Aol &

3G} (Tabel 5).

AHNHOZ, ol FHALES] A=A F lsl S
AoME FHARIZIE o7t tFdlnt. $HA F oleic
acid &&o] ¥2 IT3003313 F polyphenol T&o] &2
K186161, IT305578 5= =ful ol¥ F3/Md
2 A AR &E 7T Aoz AlsEH

T 754

LAl 2

B ATE FRAEY FUEYAe

o% ole] ZAIEFUL.
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