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Abstract - In order to select potential plant resources as functional materials and natural antioxidants, we evaluated
antioxidant activity and serotonin derivatives of safflower germplasm collected from five countries. N-(p-Coumaroyl)
serotonin (CS) and N-feruloylserotonin (FS) were analyzed by using Ultra Performance Liquid Chromatography (UPLC).
Total polyphenol content (TPC) was determined by Folin-Ciocalteu method and antioxidant activities were estimated by
2,2-diphenyl-1-picryl-hydrazil (DPPH), 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS),
Ferric reducing antioxidant power (FRAP) and Reducing power (RP) assays. The TPC showed a range of 28.25 to 90.53 118
gallic acid equivalent (GAE)/mg dried extract (DE). DPPH, ABTS, FRAP and RP assay were in the range of 18.76 to 93.98,
48.91t0 163.73,3.80 to 132.29 and 26.32 to 80.08 18 ascorbic acid equivalent (ASCE)/mg DE, respectively. Among the five
countries, safflower seed collected from Iran had the highest levels of serotonin derivatives and antioxidant activities than
other countries (p<0.05). CS showed high correlation with TPC, ABTS and DPPH (r=0.673,0.727,0.820), and FS showed
high correlation with DPPH (r=0.740). Accessions 1T321214 and IT321215 could be useful for development of new
functional materials and could be used as a source of valuable natural antioxidant materials.
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DPPH radical scavenging activity = 1 — (A sample = A
sample blank) / (A control — A control blank)

ABTS 0 £A% 534

ABTS 2]z 2752 Re et al, (1999) 9] W& $-8-5}0]
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WAk = aslgieh oFol 2(ABTS)S A4 B 734 mnof|A]
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sample blank) / (A control — A control blank)

Ferric ion reducing antioxidant power (FRAP) &%
Al 9l 319] WE3-S &%51= FRAP A& Benzie and
Strain (1996)9] WS Wsto] Z45Hc). FRAP o4
0.1M acetate buffer (pH 3.6), 10mM TPTZ/40mM HCl, 20mM
Ferric chloride solution (FeCls - 6H;0)= 10:1:19] H|-&-2 7}

o] 7 B8t SAAU GAB Y D AZEY S G 1A

7} A z5o] Egtslal 37°C0) BBt 96well plateo]] A&
10 yL} =H]3F FRAP-E-91 300 uLE S313t &, 39 & W5 2}
o3I}, 37CoAl 30 WAL &, o= EH|o|E £
A= A|(Eon, Bio—tek, USA)E ©|-85}0] 593 m= T4 =S
=731t EEEA2 ascorbic acidS ARSIl SA%t
2 ascorbic acid equivalent =2 3HASIe] B wE}IIT)

3142 (Reducing power, RP) &3

RP+= Yen and Chen (1995) 2] WS- 3arste] S43}3Lt
A& 60 L1} 0.2M phosphate buffer (pH 6,6) 150 xLi} 1%
KsFe(CN)g 150 yLE &3l5fe], 50°ColA] 208 Eot vhgA|7]
T, 10% Trichloroacetic acid 150 yLS 7}5}¢4 13000 rpm©.
2105 F9F 9AET] 519t) 96well plateo]] A5-H 100 4L,
3X} 2842100 yL, 0.1% Ferric chloride 20 L& 25531 & &
A2 912 AeHlo], AHL0A 1087F 9. vjo] L2l
E E3350 %7 (Eon, Bio—tek, USA)E o]-&5}0] 700 m=Z S3%
5 24519t £FE4-L ascorbic acidS ARSI, =
AZF2 ascorbic acid equivalent ‘2 2HAFSIO] H|WSFEATE

H

N-(p—Coumaroyl) serotonin(CS)#}N-feruloylserotonin(FS)
A|ZOJCSHFSE] §HFS Ultra High Performance Liquid

Chromatography (UHPLC, Agilent 1290 Infinity I, USA)S
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Table 1. Conditions of UHPLC for identification and determination of CS and FS

Instrument Agilent Technongies 1290 series
Column Eclipse plus C18 (1.8 um, 2.1 x 50 mm)
Buffer A 0.1 % formic acid in water
Buffer B 0.1 % formic acid in acetonitrile
Flow 0.4 mL/min
Injection 2 uL
Wavelength 324 nm
Time (min) A (%) B (%)
0 85 15
6 60 40
15 20 80
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£ B}, S7hE Hatgh o]7ko] 80,40 ug ASCE/mg DEC. 2
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HEbiE, S foi Aol R0, 0550 %
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Table 2. Antioxidant activity, total phenolic contents, and contents of selected individual CS and FS of safflower germplasm
collected from 5 countries in south asia

No. Accession No. Origin® Ccs” FS* TPC" ABTSY DPPH" FRAP' RP*
1 IT321096 AFG  23.64£3.36  26.3443.99  52.22+0.23 117.174825 49.76£0.94  67.82+4.16  65.88+4.88
2 K184774 IRN 27.85+1.31 30.12+1.51 57.45+0.32  110.14£1.28  49.76+0.43 57.37+0.77 59.44+4.18
3 K184775 IRN  17.01+0.66  11.57+0.55  52.06+0.17  83.09+2.96 31.43+0.69  65.82£2.66  52.09+2.51
4 K184776 IRN 19.82+2.21 17.39+£2.09  66.20+0.08 109.47+£0.74  43.78+2.41 83.38+4.28 49.67+0.69
5 K184777 IRN 11464326  10.99+3.63  38.97+0.08  71.09+6.59  32.13+0.69  89.16£5.77  32.76+1.39
6  1T322853 IRN  33.50+0.97 33.57+0.97  43.83£0.32  73.1046.79 37.05+1.45  98.2843.15  42.4240.69
7 K184779 IRN  26.84+2.97  23.06+2.63  54.44+0.31 115.49+10.80 50.91+0.29 116.73+0.38  30.34+2.51
8 1T321224 JOR 8.69+0.43 12.03£0.51  43.78+0.08  62.84+1.99 32.93+2.17 111.62+2.03  33.96+2.79
9  IT321225 JOR  12.28+0.23  12.98+0.27  39.54+0.15  60.88+5.40 29.10+1.44  27.14£2.00  46.45+1.20
10 1T321226 JOR  10.93+0.07 14.88+0.12  60.29+0.17  77.18£3.27 39.96+3.55  43.37+1.01  34.37+2.09
11 1T321227 JOR 3.28+0.08 1.92£0.05  32.65+0.23  60.99£3.27 21.14+£2.01 61.60+1.01  59.74+2.41
12 1T321228 JOR  22.71£043  25.16+0.49  60.45+0.32  97.43+0.75 58.93+1.87  84.50+£5.03  53.29+1.84
13 17321229 JOR 4.52+0.07 3.06+0.07  44.14+0.39 58.72+0.75  32.80+0.74 91.16+3.71 35.17+1.39
14 K184932 IRN  64.74£590  19.62+1.91  71.22+0.15 147.7442.25 72374141 13229+2.69  53.70+1.20
15 1T321219 ISR 8.95+0.26  14.20£0.50  48.34+0.58  55.35+£5.32 37.95+1.54 111.17+1.33  44.43+1.84
16  1T321220 ISR 1225£040 11.60+0.46  43.5240.35  77.4545.30 37274022 113.62£1.92  67.39+0.69
17 1T321221 ISR 17.20+0.39 19.43+0.44  54.81+0.17 78.46x1.51 43.43+£1.11 28.03+1.38 42.4242.79
18 1T321222 ISR 22.65t1.14  20.57+1.07  57.14+0.35 87.94+2.73  45.28+0.41 34.70+£2.03  41.21+£2.51
19 1T322854 ISR 6.67+0.51 6.45£0.67  49.160.26  63.57£3.47 32.33£1.05  40.26x1.54  46.05+3.88
20  IT321223 ISR 12.86+0.35  11.5740.42  65.37+0.79  65.88+2.74 37.27+0.80  33.14+0.66  44.84+2.79
21 17322855 ISR 12.49+0.85 10.71+£0.84  39.64+0.47 81.97+1.31  32.89+0.74 43.15+1.76 35.17+£2.79
22 IT321218 IRQ 2.56+0.12 2.01£0.05 35244047  61.43£2.70  18.76+0.45 34.03+2.69  38.80+1.84
23 K185030 AFG  33.48+1.53  26.58+£1.29  64.69+0.15 124.11£3.95 67.20+1.11 86.05+3.42  37.59+1.39
24 K185031 AFG  21.57+0.45  2238+0.52  63.45+0.26 115.44+1.50 56.66+1.91 27.36+0.77 26.31+1.84
25  KI185032 AFG 19444424  19.36+4.54  42.43+0.44  68.98+1.98 35.88+1.02 4.0240.38  65.38+1.39
26  KI185033 AFG  20.22+#0.57  25.45+0.75  39.69+0.00  84.98+2.59  39.50+1.12 3.80£1.15  65.98+2.51
27  KI185034 AFG  11.63+0.20  13.48+0.27 42.64+0.15  95.36+1.29 42.93+£2.26  26.92+1.67  48.26+2.09
28  KI185035 AFG  16.72£149  1627+1.63  44.61+0.44  93.19+£3.96 38.75+1.02  20.03£1.01  49.87+0.69
29  KI185036 AFG  4327+1.82  27.42+1.15  63.9240.31 117.69+£5.46  64.56+2.21 52.48+4.66  44.23+0.69
30  KI185037 AFG  3242+0.53  3391+0.68  77.74+0.15 125.12+5.71 71.06£1.63  69.60+£1.92  39.80+0.00
31  KI185038 AFG  26.15£0.35  25.11+£0.43  49.94+1.07 75424420 41.66+2.38  56.71£1.54  61.15+0.69
32 IT321097 AFG  46.81+1.56  31.92+1.11  72.93+0.41 126.65£6.03 71.87+0.89  55.60£2.03  67.59+2.09
33 KI85136 AFG  19.81+0.88  29.74+1.42  44.61x0.44  86.91+4.53 42.20+1.86 11.36£1.01  42.22+1.20
34 IT321212 IRN  4575+0.92  49.64+0.96  63.09+0.44 121.41+2.72  70.90+2.43 38.92+1.01  62.76+2.09
35  IT321213 IRN  4592+1.80 46.82+1.85  83.49+1.42 140.48+0.76  81.44+1.31 67.82£6.43  47.86+0.69
36 IT321214 IRN  64.99+1.25 6536+1.41 86.80£1.10 163.73x1.50 93.98+0.90  88.50+4.05  59.54+1.39
37  KI185249 IRN  41.04+3.62  50.02+4.58  66.82£0.44  122.4246.67 70.70£1.02  65.60+5.00  67.99+1.84
38 IT321215 IRN 49.43+£1.86  50.86+2.09  90.53+1.01 154.16+2.71 87.61+2.22 97.174+3.52 76.85+1.39
39 K185251 IRN 46.08£1.48  52.91£9.97  28.25+0.35 48.91£3.98 27.93+1.25 96.06+6.19 55.11+0.69
40  1T321216 IRN  3823+0.70 21.97+0.42  68.99+0.54  123.29+5.20 57.42+0.63 73.16£0.00  80.07+1.39
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Table 2. Countiued

No. Accession No. Origin® Ccs” FS* TPCY ABTS' DPPH" FRAP' RP*

41 11321217 IRN 32274131  29.75+1.44  53.15£0.08 121.76+7.17  55.95+1.13 35.81+0.00  28.93+1.20
42 17221709 KOR  21.43£1.65 19.50£1.73  61.90+0.15  131.46+3.23  59.04+0.33  124.96+3.28 54.30+1.20
43 1T252154 KOR  14.11£1.66 16.98+2.29  54.44+0.15 138.73+#3.23  52.81+1.32  128.96+1.01 59.13+0.00
*Origin : AFG : Afghanistan, IRN : Iran, IRQ : Iraq, ISR : Israel, JOR : Jordan, KOR : Korea.

YCS : N-(p-Coumaroyl) serotonin, mg/g DE, *FS : N-feruloylserotonin, mg/g DE, “TPC

: total polyphenol content, /g GAE/mg DE,

YABTS : ABTS radical scavenging activity, #g ASCE/mg DE, "DPPH : DPPH radical scavenging activity, & ASCE/mg DE, ‘'FRAP

: ferric reducing antioxidant power, ¢g ASCE/mg DE, °RP :

reducing power, (g ASCE/mg DE,

The component and antioxidant activity values were expressed as the mean and standard deviation of three replicates.

Table 3. ANOVA on serotonin derivatives and antioxidant activity between collection sites

Origin N CS FS TPC DPPH ABTS FRAP RP
AFG 12 26.26+10.70ab* 24.83+6.08ab  54.91+13.06a 51.84+13.65abc  102.59+20.71bc 40.14+27.96¢ 51.19£13.73ab
IRN 15 37.66+15.86a  34.24+17.11a  61.69+17.56a 57.56+21.20ab 113.75+32.66ab 80.40+26.58b 53.30£15.49ab
IRQ 1 2.56+0.00c 2.0140.00¢ 35.24+0.00b 18.76+0.00d 61.43+0.00d 34.03+0.00c 38.80+0.00b
ISR 7 13.30+5.28bc  13.50+£5.00bc  51.1448.69ab 38.06+4.86bcd 72.95+11.57cd 57.72437.67bc  45.93+10.11ab
JOR 6 10.40+6.97bc  11.67+8.52bc  46.81+11.29ab 35.81+12.87cd 69.67+15.13d 69.90+£31.64bc  43.83=11.05ab

(IIji?al:)) 21.43+1.65b 19.50+1.73ab ~ 61.90+0.15a 59.04+0.33a 131.46+3.23ab 124.96+3.28a 54.30+1.20ab
KOR

(Cheongsu) 14.11+£1.66bc 16.98+2.29bc  54.44+0.15a 52.81+1.32abc 138.73+3.23a 128.96+1.01a 59.13+0.00a

“Value are Mean + Standard deviation. Same letter between rows are not significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 1. UPLC chromatograms of the two target compounds (A: N-(p-Coumaroyl) serotonin and B: N-feruloylserotonin) and the
ethanol extracts sample(C). UHPLC chromatograms of ethanol extracts in safflower seeds recorded at 324 nm and peak of
N-(p-Coumaroyl) serotonin(a) and N-feruloylserotonin(b).

Table 4. Pearson correlation coefficients for ingredients of serotonin derivatives and antioxidant activity

CS FS TPC ABTS DPPH FRAP RP

CS

FS 0.838**

TPC 0.673** 0.562%**
ABTS 0.727%* 0.589** 0.821%*
DPPH 0.820%* 0.740%* 0.903%* 0.915%*
FRAP 0.235 0.094 0.213 0.272 0.238

RP 0.371* 0.356* 0.238 0.297 0.298 0.079

“**> and ‘*’Correlation are significant at "< 0.01 and P<0.05, respectively. Pearson’s correlation analysis was done using

average values of each variable(n=43).

-429 -



Korean J. Plant Res. 32(5) : 423~432(2019)

2.5

15

0.5

0.5

Relative Antioxidant Activity Index

e ]

7321218
1321227
7321225
1321229
7322855
7322854
K184777
IT321224
IT321226
K185034
1T321223
K185032
K185035
K185136
IT321221
1T321219
K184775
185033
IT321222

K185031
IT321220

K185038
1T322853
IT321217

K185251

K184776

K184779
11321228

K184774
IT321036

K185036
IT252154

K185030
1T221709

K185037
IT321216
IT321212
1T321097

K185249
1T321213

K184932
IT321215
IT321214

Fig. 2. Relative antioxidant capacity of safflower germplasm collected from five countries.
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