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Abstract Peppers (Capsicum spp.) are widely consumed vegetables belonging to the Solanaceae
family in Korea. Recently, purple peppers have been cultivated due to consumer interest in healthy
functional compounds such as phenolic compounds, flavonoids, and anthocyanin. This study
investigated metabolomic discrimination of 6 pepper cultivars (cheongyang, green pepper, twist,
cucumber pepper, red pepper, and purple pepper) by liquid chromatography-electrospray ionization-
quadrupole time-of-flight-mass spectrometry (LC-ESI-QToF-MS) untargeted metabolomic analysis.
LC-MS results indicated that monomeric diterpene capsianoside, flavonoid glycosides, and nasunin
were identified as the main compounds in purple pepper. Six compounds were purified and isolated
from purple peppers using ODS and silica gel column chromatography. These isolated compounds were
determined to be 4'-trans-p-coumaroyl rutinosyl 2-(O-galloyl)-6-(O-B-glucopyranosyl)-4-hydroxyphenyl
acetate (1), delphinidin 3-[4-(p-coumaroyl)-rutinoside]-5-glucoside (2), (8R)-isodehydrodiconiferyl
alcohol 4'-B-D-glucopyranoside (3), apigenin 6-C-B-D-glucopyranoside-8-C-a-L-arabinopyranoside (4),
quercetin 3-rutinoside (5), and isorhamnetin 3-rutinoside (6) by MS and NMR experiments. Compounds
1, 2, and 5 had strong radical-scavenging activities. These results provide useful information about

the bioactive compounds of purple pepper.

Keywords purple peppers, phenolic acids, flavonoids, nasunin, radical-scavenging activity

1. M2

[

113(Capsicum annuum L.)= 7}AX|Z}(Solanaceae) 115<(Capsicum)o]] £&3}= Stofato] £, =
_‘T_

S o e AU Sl Eok, A3 fEvEl T Aol LStk AEEA AT, A
B3, Q0]F, FaF, XY} 5 gt FF50] AFEL 9lor, A A, AuE, 5
7F, AAL A, J2|3 2ujE SO o] @HIL IHK(Kim §, 2023). A= B4, At

A=, gl I A 193 7 ES 59 AEAE W35l capsaicinoidS, phenolic acid
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£ flavonoid$, saponin¥, 12|31 carotenoid™ 5-& $Hol1L
ot B %3 QItK(Chilczuk -5, 2020; de Aguiar 5, 2019;
Gang 5, 2008; Kwon &, 2009; Saha 5, 2015; Tobolka &,
2021; Yoon &, 2012). o]&gt 1150] 53k A% 7|5AHLE
Asf et 19 Bt AHFS 191 7I1E0E 89 go & 1
| A&Hoz Frkekal Qltk(Batiha 5, 2020).

22, A7l =8 F= AE0 gt Iilo] F7tstEA
YN, FAF, B, Q0|1 Za15, Y|}, A
7H R 59 ot 15 F59 Al @ 4H)7F S
QltH(Choung -5, 2012; Ciccone -5, 2013; Kim 5, 2008; Kim
£,2018). 1 %, 98 13 FRE A TRt S
T3 Qlow FEi1Zof H|5] provitamin A, vitamin C, p-
carotene, capsaicinoid®, “12]11 anthocyanin©] & 3F0|3]
o+ B 1% Qlch(da Silveira Agostini-Costa 5, 2017; Jin 5,
2022). H2A1} 3 thil20f| = capsanthin, capsorubin, P-
carotene, _L2| 1! cryptoxanthin 5] 500] £9] carotenoidH
S 395t itk Ha1E HE Itk (Arimboor 5, 2015; Kim
, 2016). TESE, 1130 capsianoside A, capsianoside BS X
diacyldigalactosyl glycerol2} diterpene glycoside®l Tk
9] capsianoside 2] ZA)|7} Br& X1 Q1 th(lorizzi 5, 2001).
13 FF0) Uigt AR A7 B oy =y 1
&8 LC-MS 7|5t H[$Ed AR At |9 AgH

It al

1

1o ok

AN e > oot o
u T
Nk

o
39,
T

AA7IA 1= 2 1% Z2F7F 2] anthocyaningl
nasunin(delphinidin 3-p-coumaorylrutinoside)S 75} )
ot A 9th(Meng 5, 2022; Tang 5, 2020; Wahyuni
. 2011). Delphinidin#= ., HE 5 TRt 20 $Ha5
o Jlom, &/ 4ta A 5, TEY, Y 54 A, A

49 3 o) 53, TelT JAF A LHHHasech

23 & A7 S F= 8% 13 F5E S U=
oA AZI}. I8, AHH7EA] 1520 = nasuning A 2Jstal A7}
o] & F= 74 AR A= e Aol

GAOE LCMS b BHS Bof A7b150] Sol4
ol YAE okt nat STt B3, A TRERE
£ SUBS BeolL 1 728 Yol 229 SRES o
AYO & radical-scavenging &AL H7}o}1AF 51T
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LC-MS /8 LiAtA 24

1F I 52 AR BT 1 gol 10 mM HCle] 334 70%
MeOH 10 mLE 7}3to] 4204 24413 &6tal ofi}A]
No. 2(Whatman, Maidstone, England)Z o]1}5}%it}h. Qo7
MeOH #E&52 AT 5=7|(N-2N, Eyela, Tokyo, Japan)E
ol-gsta] 36°CAA A FFSHAUH. 15 HF FEEC
water-saturated n-butanol(BuOH; 30 mL, 23])& 7}5}o] -&ff
B39 AN TS 749t B33510] BUOHSS B4 A3 AF
g3t

115 78 BuOH £8E& A2 ultra-performance liquid
chromatograph(Acquity UPLC system, Waters, Milford, MA,
USA)?} quadrupole time of flight mass spectrometer
(QToF-MS; Xevo G2-XS QToF, Waters, Manchester, UK)S
ol-gsto] A LC 279 A% columnd Acquity
UPLC® HSS T3(1.8 pm, 2.1 x 50 mm, Waters)S AF85}3]0.
™, column temperaturex= 40°C, flow rate:= 0.35 mL/min,
photodiode array(PDA) detector range+= 210-400 nmZ 5}%)
t}. o]5Ar |1ll= 0.1% formic acid7} 35 H,O(A)2} 0.1%
formic acid’} $-8-% acetonitrile(B)& AFM513 0, oA}
ZAL 2% B(0 min) — 2% B(2 min) — 25% B(7 min) —
50% B(24 min) — 90% B(28 min)Z linear gradient ST}
MS Z79] 7% ionization mode= ESI(positive & negative),
scan range= m/z 50-1,200, scan timeZ 0.2 s, capillary
voltagex= 2.0 kV, sampling cone voltage:= 40 V, cone gas
flows= 50 L/h, desolvation gas flows= 600 L/h, desolvation
temperature:= 500°C, ion source temperature~= 150°C, collision
energy= 6 eV(low), 25-50 eV(high)Z 3}T}. Lock massE
leucine-enkephalin(positive: 556.2771 Da, negative: 554.2615
Da)E AREolTE 115 thARA| Q) ZHE (intensity)= Progenesis
QI(Waters, UK)E, 18|11 113 £ tHZFEA|(principal
component analysis, PCA)+= MetaboAnalyst 6.0(https://www.
metaboanalyst.ca/yE ©|-85fo] AA|519t).

2.3 zglz 1-69 = Z2l A

A7HA| 1159] I+ 10 kgofl 10 mM HCIO] 7 70% H
Z(pH 1.3) 10 LE 75t mpfet thg, 42004 2441 &
b FE3 AT AHZIA| L 3552 o] FA] No. 2(Whatman)

stof ojFsiglon, 1 odg AF 5571 ©l831]

m
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36°ColA gl 935 AAD A et BEsrt
70% HE2(pH 1.3) FZ90| ethyl acetate(EtOAc, 3 L x 3
3))°} BuOH(3 L x 33])2 <A 07 7lsto] g} #£92 4
Al o™, BuOH #85(54.36 gy AU 550kt
A 7R 1159 BuOH £3&S A4S & octadecylsilane
(ODS) E:
liquid chromatography(MPLC; Isolera, Biotage, Uppsala,
Sweden)Z o]-gsto] ShlES £ 9 HASIAh SRHEY]
AE oL 2549 280 nm=z EE519ct. 15 BuOH £3&
(54.36 g)°o] &= 20 g9 ODS gel(LiChroprep RP-18, 40-63
um, Merck, Darmstadt, Germany)Z} ODS column(Sfar C18
120 g, Biotage)o|] YZAH MPLC[C]54; €19 gradient 2=
H,O/MeCN(v/v) = 100:0(17 min) — 70:30(30 min); 32, 20
mL/min]& AAJ5to] 107]9] dE(A-H)o= —,:_,O}CEJ‘/]-. IR
C(360 mg)E tAoz ODS-MPLC[column, Sfar C;z 50
g(Biotage); 0]1:-% 29 isocratic 8%, H,O/MeCN =
87 12(v/v) , 25 mL/min]& AA|5t] 3= 1(9.3 mg)dt
& C2(255.1 mg) EIottt & C2(255.1 mg)E WA
Qi silica gel-MPLC[column Sfar silica 50 g(Biotage); °|5
A} 81)9] isocratic 2=, CHCly/MeOH = 73: 27(V/v) L&
50 mL/min]& A A]5}o] 2]-01'“ 2(19.9 mg)E 519ict &
£ D239 mg)S HACZ silica gel-MPLC[column, Sfar silica
50 g(Biotage); ©]54; &1 9] step-wise -8, CHCly/MeOH(v/v)
= 73:27(0-30 min) — 71:29(30-110 min); 3, 30 mL/min]
£ A5t 3RS 3(46.8 mg) 1211 4(65.4 mg)y= E-2]5}%]
ct. & E(170.1 mg)E O silica gel-MPLC[column, Sfar
silica 50 g(Biotage); isocratic &2, CHCly/MeOH = 71:29(v/v);
84 20 mL/min]E AA|5k] S$HE 5(54.9 mg)E EE|51%
tt. & H(148 mg)E JACZ silica gel-MPLC[column,
Sfar silica 50 g(Biotage)‘ isocratic €%, CHCl;/MeOH =
70:30(v/v); 45, 20 mL/min]E A5} 3}8HE 6(170.1 mg)
= &9 O}NJ’%-

silica gel columno] HZA%E medium pressure

24. NMR % MS 24

dalel SgHE9 NMR EA4S Korea Basic Science
Institute(KBSI, Gwangju Center)2] “"INOVA 500 Z 600
spectrometer(Varian, Wainut Creek, CA, USA)E o|-835}%t}
NMR £ul= CD;OD(Merck), DMSO-dg(Merck) 121
CF;COOD(TFA; Sigma-Aldrich)E o]-&35}o] BA5}%ic}. 18
I 'H- 9 BC-NMR £4 9]o] 2D-NMR<L 'H-'H correlation
spectroscopy('H-'H COSY), heteronuclear single quantum
coherence(HSQC), heteronuclear multiple bond correlation
(HMBC) 248 A9 e sharee] 24e 9 54
Ao X719} ZUSH 242 =F $F UPLC-ESI-QTOF-MSS 9]
83to] BABHoTE

https://www.ekosfop.or.kr

3k 1: ESI-MS(positive) m/z 953.2[M+H]", 975.2
[M+Na]"; 'H-NMR(600 MHz, DMSO-ds) 8y 6.27(1H, d, J=
2.4 Hz, H-3), 6.53(1H, d, J=2.4 Hz, H-5), 3.64(1H, d, J=17.2
Hz, H-7a), 3.43(1H, d, J=17.2 Hz, H-7b), 7.07(2H, s, H-2"),
4.74(1H, d, J=7.8 Hz, H-1"), 3.25(1H, dd, /=102, 7.8 Hz,
H-2"), 3.17(1H, m, H-3"), 3.08(1H, d, t, J/=9.0 Hz, H-4"),
3.37(1H, m, H-5"), 3.50(1H, d, J=12.0 Hz, H-6"a), 3.69(1H,
t, J=12.0 Hz, H-6"b), 5.34(1H, d, J=7.8 Hz, H-1"), 3.08(1H,
dd, J=9.0, 7.8 Hz, H-2"), 3.24(1H, d, J=9.0 Hz, H-3"), 3.20
(1H, d, J=9.0 Hz, H-4"), 3.37(1H, d, J=9.0 Hz, H-5"), 3.45
(1H, m, H-6"a), 3.82(1H, d, /=9.0 Hz, H-6"b), 4.62(1H, br.
s, H-1"), 3.70(1H, dd, J=3.6, 10.2 Hz, H-2""), 3.67(1H, dd,
J=10.2, 9.0 Hz, H-3""), 4.87(1H, t, J=9.0 Hz, H-4""), 3.63
(1H, m, H-5"), 0.98(3H, d, /=6.0 Hz, H-6""), 7.55(2H, d, J=
9.0 Hz, H-2""), 6.79(2H, d, J=9.0 Hz, H-3""), 7.55(1H, d,
J=16.2 Hz, H-7""), 6.39(1H, d, J=16.2 Hz, H-8""); “C-NMR
(150 MHz, DMSO-ds) 8¢ 107.1(C-1), 150.4(C-2), 103.4(C-3),
157.7(C-4), 100.6(C-5), 157.1(C-6), 28.8(C-7), 169.5(C-8),
117.9(C-1", 109.2(C-2', C-6"), 145.6(C-3', C-5"), 139.3(C-4"),
164.1(C-7", 101.5(C-1"), 73.0(C-2"), 76.3(C-3"), 69.4(C-4"),
77.1(C-5"), 60.6(C-6"), 94.5(C-1"), 72.4(C-2"), 76.0(C-3"),
69.5(C-4"), 76.0(C-5"), 66.4(C-6"), 125.1(C-1""), 130.3(C-2"",
C-6"), 115.7(C-3"", C-5""), 159.7(C-4""), 144.7(C-7""), 114.4
(C-8"), 166.3(C-9"), 100.3(C-1""), 70.3(C-2""), 68.2(C-3""),
73.5(C-4""), 66.0(C-5""), 17.4(C-6"").

3= 2: ESI-MS(positive) m/z 919.2[M]"; "H-NMR(600
MHz, CD;OD) &y 8.81(1H, s, H-4), 6.96(1H, d, J=12 Hz,
H-6), 6.94(1H, d, J=12 Hz, H-8), 7.64(2H, s, H-2'. H-6"),
5.60(1H, d, J=7.8 Hz, H-1"), 3.85(1H, d, J=7.8 Hz, H-2"),
3.69(1H, m, H-3"), 3.60(1H, m, H-4"), 3.63(1H, m, H-5"),
4.07(1H, d, J=10.2 Hz, H-6"a), 3.73(1H, d, J=2.4 Hz, H-6"b),
4.73(1H, s, H-1"), 3.84(1H, d, J=9.6 Hz, H-2"), 3.55(1H, m,
H-3"), 4.88(1H, t, J=9.6 Hz, H-4"), 3.78(1H, d, J=9.6 Hz,
H-5"), 0.99(1H, d, J=7.8 Hz, H-6"), 7.35(2H, d, J=8.7 Hz,
H-2"", H-6""), 6.80(2H, d, J=8.7 Hz, H-3"", H-5""), 6.17(1H,
d, /=15.6 Hz, H-7"), 7.52(1H, d, J=15.6 Hz, H-8""), 5.22
(1H, d, J=7.8 Hz, H-1""), 3.73(1H, d, J=7.8 Hz, H-2""), 3.90
(1H, m, H-3""), 3.75(1H, m, H-4""), 3.87(1H, m, H-5""),
3.97(1H, br. d, J=10.2 Hz, H-6""a), 3.81(1H, d, br. d, /=10.2
Hz, H-6""b); “C-NMR(150 MHz, CD;OD) d¢ 163.6(C-2),
145.5(C-3), 133.4(C-4), 156.6(C-5), 105.7(C-6), 169.5(C-7),
97.8(C-8), 113.0(C-9), 156.8(C-10), 119.0(C-1'), 113.0(C-2',
C-6'), 147.5(C-3", C-5'), 146.0(C-4"), 102.1(C-1"), 72.2(C-2"),
71.45(C-3"), 75.6(C-4"), 68.0(C-5"), 17.8(C-6"), 102.1(C-1"),
72.2(C-2"), 71.4(C-3"), 75.6(C-4"), 68.0(C-5"), 17.8(C-6"),
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127.3(C-1"), 131.5(C-2"", C-6""), 117.1(C-3"", C-5""), 160.6
(C-4"), 115.0(C-7"), 147.5(C-8"), 169.5(C-9""), 102.7(C-1""),
78.1(C-2""), 77.7(C-3""), 74.9(C-4""), 70.6(C-5""), 62.2(C-6"").

31HE 3: ESI-MS(negative) m/z 521.2[M-H]; 'H-NMR
(500 MHz, CD;OD) &y 6.58(1H, d, /=1.8 Hz, H-2), 6.56(1H,
d, J=8.4 Hz, H-5), 6.48(1H, dd, J=8.4, 1.8 Hz, H-6), 2.72
(1H, dd, J=13.8, 8.6 Hz, H-7a), 2.96(1H, dd, J=13.8, 5.4 Hz,
H-7b), 3.96(1H, m, H-8), 3.75(1H, m, H-9a), 3.69(1H, m,
H-9b), 3.69(3H, s, 3-OCHs), 6.93(1H, d, J=1.8 Hz, H-2'), 6.91
(1H, d, J=1.8 Hz, H-6"), 6.56(1H, d, J=15.6 Hz, H-7"), 6.30
(1H, dt, J=15.6, 6.0 Hz, H-8"), 4.22(2H, dd, J=6.0, 1.8 Hz,
H-9"), 3.82(3H, s, 3-OCH;), 4.68(1H, d, J=7.8 Hz, H-1"),
3.54(1H, t, J=7.8 Hz, H-2"), 3.41(1H, t, J=7.8 Hz, H-3"),
3.65(1H, m, H-4"), 3.65(1H, m, H-5"), 3.77(1H, m, H-6"a),
3.65(1H, m, H-6"b); *C-NMR(125 MHz, CD;OD) &¢ 133.3
(C-1), 113.8(C-2), 148.5(C-3), 145.4(C-4), 115.7(C-5), 122.7
(C-6), 39.3(C-7), 70.6(C-8), 66.9(C-9), 56.3(3-OCHj), 135.5(C-1"),
109.2(C-2"), 153.5(C-3"), 145.1(C-4"), 139.0(C-5"), 119.2 (C-6"),
131.6(C-7"), 129.7(C-8"), 63.8(C-9"), 56.5(3'-OCH3), 105.4(C-1"),
76.0(C-2"), 78.0(C-3"), 71.3(C-4"), 78.2(C-5"), 62.5(C-6").

313HE 4: ESI-MS(negative) m/z 565.1[M-H]; 'H-NMR
(500 MHz, CD;0D) &y 6.63(1H, s, H-3), 7.99(2H, d, J=8.5
Hz, H-2', H-6"), 6.94(2H, d, J=8.5 Hz, H-3', H-5"), 4.87(1H,
d, J=10.0 Hz, H-1"), 4.01(1H, t, J=10.0 Hz, H-2"), 3.64(1H,
t, J=10.0 Hz, H-3"), 3.99(1H, t, J=10.0 Hz, H-4"), 3.47(1H,
m, H-5"), 3.79(1H, dd, J=12.0, 5.5 Hz, H-6"a), 3.96(1H, dd,
J=12.0, 2.0 Hz, H-6"b), 5.03(1H, d, J=10.0 Hz, H-1"), 4.09
(1H, dd, J=10.0, 9.0 Hz, H-2"), 3.54(1H, t, J=9.0 Hz, H-3"),
3.66(1H, t, J=9.0 Hz, H-4"), 3.75(1H, m, H-5"a), 4.05(1H, m,
H-5"b); C-NMR(125 MHz, CD;OD) 3¢ 166.8(C-2), 103.9
(C-3), 184.4(C-4), 160.4(C-5), 108.5(C-6), 163.0(C-7), 105.9
(C-8), 157.6(C-9), 105.6(C-10), 123.5(C-1'), 130.3(C-2', C-6"),
117.1(C-3", C-5"), 163.0(C-4"), 76.6(C-1"), 71.3(C-2"), 75.3
(C-3"), 70.5(C-4"), 83.1(C-5"), 63.2(C-6"), 75.2(C-1"), 73.2
(C-2"), 80.4(C-3"), 72.5(C-4"), 72.1(C-5").

3]3S 5: ESI-MS(positive) m/z 611.1[M+H]"; 'H-NMR
(500 MHz, CD;OD) &y 6.30(1H, d, J=2.0 Hz, H-6), 6.39(1H,
d, J=2.0 Hz, H-8), 7.67(1H, d, J=2.0 Hz, H-2"), 6.87(1H, d,
J=8.5 Hz, H-5"), 7.63(1H, dd, J=8.5, 2.0 Hz, H-6"), 5.11(1H,
d, J=7.5 Hz, H-1"), 3.25-3.49(6H, m, H-2"-H-6"b, H-4",
H-5"), 3.80(1H, dd, J=11.0, 1.5 Hz, H-6"a), 4.52(1H, d, J=
1.5 Hz, H-1"), 3.63(1H, dd, J=3.5, 1.5 Hz, H-2"), 4.52(1H,
dd, J=9.5, 3.5 Hz, H-3"), 1.12(3H, d, J=6.5 Hz, H-6");
BC-NMR(125 MHz, CD;OD) &¢ 159.4(C-2), 135.7(C-3),
179.5(C-4), 163.1(C-5), 100.0(C-6), 166.1(C-7), 95.0(C-8), 158.6
(C-9), 105.7(C-10), 123.2(C-1"), 117.8(C-2"), 145.9(C-3"), 149.9
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(C-4"), 116.1(C-5"), 123.7(C-6'), 104.8(C-1"), 75.8(C-2"), 78.3
(C-3"), 71.5(C-4"), 77.3(C-5"), 68.6(C-6"), 102.5(C-1"), 72.2
(C-2"), 72.3(C-3"), 74.0(C-4"™), 69.8(C-5"), 18.0(C-6").

S15LE 6: ESI-MS(positive) m/z 625.1[M+H]"; "H-NMR
(500 MHz, CD;OD) 8y 6.20(1H, d, J=2.4 Hz, H-6), 6.39(1H,
d, J=2.4 Hz, H-8), 7.94(1H, d, J=2.1 Hz, H-2"), 6.91(1H, d,
J=8.4 Hz, H-5'), 7.61(1H, dd, /=8.4, 2.1 Hz, H-6'), 3.94(3H,
s, OCHy), 5.23(1H, d, J=7.8 Hz, H-1"), 3.18-3.50(8H, m,
H-2"-H-6"b, H-3"-H-5"), 3.80(1H, dd, /~11.0, 1.5 Hz, H-6"a),
3.82(1H, dd, /=114, 1.2 Hz, H-6"a), 4.53(1H, d, J=1.2 Hz,
H-1"), 3.63(1H, dd, /=3.0 Hz, J=1.2 Hz, H-2"), 1.10(1H, d,
J=6.0 Hz, H-6"); “C-NMR(125 MHz, CD:;OD) &c 158.9
(C-2), 135.6(C-3), 179.4(C-4), 163.1(C-5), 100.1(C-6), 166.1
(C-7), 95.0(C-8), 158.6(C-9), 105.6(C-10), 123.0(C-1), 114.6
(C-2'), 148.4(C-3"), 150.9(C-4"), 116.2(C-5"), 124.1(C-6'), 56.9
(OCH3), 104.6(C-1"), 76.0(C-2"), 78.2(C-3"), 71.7(C-4"), 77.4
(C-5"), 68.6(C-6"), 102.5(C-1"), 72.2(C-2"), 72.4(C-3"), 73.9
(C-4™), 69.8(C-5"), 18.0(C-6").

2.5. ABTS’ radical-scavenging &4 5%

7R D22 e dE|E sehE9] ABTS' radical 47
s 2732 Song 5(2024)9] WS ozt WS S5t
ABTS' radical §Fg €942 7 mM ABTS9} 2.45 mM9]
potassium persulfateZ 1:1(v/v) H|EZ 12A|17F 59 A40f A
HRSAIL & ol &stlrh. WAL 734 nmolA BT #
(optical density, OD)°] 1.0+0.027} HEE F742 3]45}0]
Az= et @eld $9HE 10 uLi ABTS' radical ¥H-3-89
190 pLE 147 EQF Fao)Af HESAIZ] & 735 nmofl A} &3
FE=A(MQX200R, BioTek, Winooski, USA)E o]&3lo] &
FEE SA5tAT}. EEEZ QI ascorbic acidE ©]-&dto] EF
248 A5 A, ascorbic acidi} A3-51= 5 (equivalent
to ascorbic acid, AAE)Z gHilsto] YeRfict

2.6. 4 &4

FAA = Prism 5(GraphPad, Northside, San Diego, CA,
USA)S Ag3to] U BAL A (one-way analysis of variance)
2 AN, A DR R 2o SRS ABTS'
radical-scavenging &AJof| Tt 5-2]3t X}o]= Tukey’s honestly
significant difference testE® 53t ARE HA(p<0.05)S A A|5}

At

3. =4 iJ_'_E

3.1. IF E&F & [C-MS 7/E} LfAtA] 24
UM A s 15 F5E F €2 &HEL e 6F

https://doi.org/10.11002/fsp.2025.32.3.371



Food Sci. Preserv., 32(3) (2025)

9 ALF[AA7HA L3 (purple pepper), 2015 (cucumber
pepper), $115+(green pepper), &-3L5(red pepper), T3

(twist pepper) 2 ¥ 3 (cheongyang peppen) & HALZ
LC-ESI-QToE-MS HJA] 548 E3] 488ty E4< mjo}
SR i3 67 F59 BuOH 352 5Y% do= &9
5} LC-ESI-QToF-MS& EX3t A3}, TIC chromatogramo]|
A 4659 8 T I 50| HEEHJOCH(Fig. 1), MS spectras
7|4t 2 FOODB, HMDB, 18|11 MassbankS ©]-83f0] 11
79 gAAIE FF3H A (Table 1). & A ARt 6552
T304 HEH F8 YAAEE monomeric diterpene
capsianosidess, dimeric esters capsianosides:, coumaroyl
glycoside®}, flavonoid glycoside’®, “18] 11 anthocyaniny< &
= QIiT}. 73of|A] monomeric capsianoside(capsianoside I,
I, Il ), 2F9] diterpeneo] A HIFA
capsianosidef(capsianoside A, B, C -5), coumaroyl glycoside
%, flavonoid glucosides, 12|11 anthocyaninFS E 35t T
9] tAAIEC] BA= v} )2 (Macel 5, 2019; Materska

dimeric esters

100+

S, 2003; Syukur 5, 2018), o] & A Ak} SARBHIC
E5], 1%9] ufut AEQ] capsaicind} dihydrocapsaicin 5-&
E3} capsaicinoidFE= YHMAOoZ 13 IL-HTE Koto|nt
capsaicin #H|4A 5 WE F9)o] tF EAsta ot & &
2{A Qltk(Srinivasan 5, 2015). 2 04?01]*1—‘: Hotolnt
capsaicin glands 52] Y& 25 A|ASt 13 IS Ao
ARE3IA7] Wizl capsaicinoidF= T |FFo]o]Al LC-MS
BA0)4 ABHA G2 A0 AmEd. 159 HHS el
Ye AMAAEO] capsaxanthin® S O|FFO 2 QI3 LC-MS
AN AEHA ¥ Ao AR
LC-MS A £4 Z3E 7|91 2.2 principal component
analysis(PCA)E AAJSH A3}, 1% 6252 3719 JAHEL
Z, BEaE, I8 FERE 1), 20|13 HFIFH
ot 2), AFA7}A| 3 3oz IA FEEUHFig. 2A).
;Ltﬁ = VIP>1.09] F2 HAAE 7btew
2 AAJSE A1KFig. 2B), E£11%, #E|73, 18
$758 Bgele U 12 Qe 20] vE) Aojgon
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S
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Fig. 1. Representative LC-ESI-MS chromatograms of pepper cultivar fruits. The BuOH extracts of six peppers (purple pepper, cucumber
pepper, green pepper, red pepper, twist pepper, and cheongyang pepper) were mixed in the same amount and then used as quality

control (QC) in LC-ESI-MS analysis.
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Table 1. LC-QToF-ESI-MS result of metabolites identified in pepper cultivar fruits

No. tg (min) Fragment ions (m/z) Molecular Predicted compounds
formula
Positive Negative (MW)
1 0.69 365.10 ([M+Na]"), 290.05, 203.05, 387.11 ((M+HCOOTY), 341.10 ((M-H]), C2H»,01; Sucrose
146.08 179.05 (342)
2 0.72 215.01 ([M+Na]"), 141.95, 113.96 191.05 ([M-H]), 155.95, 111.00 CeHsO Citric acid
(192)
3 0.75 268.10 ([M+H]"), 136.06 266.08 ([M-HJ), 133.01 C1oH13N504 Adenosine
(267)
4 1.08 268.10 ([M+H]"), 136.06 - CioHi3N504 Adenosine isomer 1
(267)
5 2.09 120.08 ([M+H]"), 103.05, 77.03 - CsHoN Indoline
(119)
6 3.97 188.07 ([M+H]"), 125.98, 118.07 - C11HoNO, Alkaloids
(187)
7 4.84 439.22 ([M+H]"), 277.16, 147.04 437.20 (IM-HJ), 174.95 C2oH30N4O7 Tripeptides
(438)
8 5.08 265.15 ([M+H]+), 177.05, 145.02, - C14H20N>O3 Feruloyl putrescine
117.03 (264)
9 5.50 349.09 ([M+Na]"), 198.18, 147.04, 325.09 ([M-H]), 185.02, 146.96, CisH50s Coumaric acid glucoside
119.04 119.05 (326)
10 6.64 595.16 ([M+H]"), 409.18, 325.14, 593.14 ([M-HJ), 431.19, 174.95, Cy7H30015 Kaempferol 3-O-rutinoside
198.18 146.96 (594)
11 713 565.15 ([M+H]"), 409.09, 198.18 563.14 ([M-H]), 353.06, 146.96 CaeHag014 Apigenin 6-C-glucoside
(564) 8-C-arabinoside
12 727 919.25 (IM+H]"), 757.20, 565.15, 917.23 ([M-H]), 755.18, 647.16, C4H47053 Nasunin
303.05 301.03 919)
13 772 565.15 ([M+H]"), 409.09, 198.18 563.14 ([M-HJ]), 353.06, 146.96 Ca6H2s014 Apigenin
(564) 6-C-arabinoside-8-C-glucoside
14 8.16 633.14 ([M+Na]"), 611.16 ([M+H]"), 609.14 ([M-H]), 300.02 Cy7H30016 Quercetin 3-rutinoside
303.05 (610)
15 842 581.15 ([M+H]"), 449.10, 287.05 579.13 ([M-H]), 447.09, 285.04 Ca6H2s015 Luteolin
(580) 6-C-glucoside-8-C-arabinoside
16 9.13 647.15 ([M+Na]"), 317.06, 287.05 623.16 ([M-HJ]), 286.05, 174.95 Ca3H3:016 Isorhamnetin 3-O-rutinoside
(624)
17 948 603.13 ([M+Na]"), 581.15(IM+H]"), 579.13 ([M-HJ), 285.912 Ca6Ha3015 Luteolin
287.05 (580) 6-C-arabinoside-8-C-glucoside
18 10.34 651.15 ([M+H]"), 271.06 649.13 ([M-HJ), 605.14, 411.13, Ca9H30017 Malonylapiin
269.04 (650)
19 1155 - 393.12 ([M-H]), 146.96 CioH209 Unknown
(394)
20 11.79 84535 ([M+Na]"), 683.32, 584.37, 867.38 ((IM+HCOOY), 821.37 ((M-H]), CssHeO19 Diterpene triglucoside
315.17 727.31, 659.32, 497.13 (822)
21 11.92 84535 ([M+Na]"), 683.32, 584.37, 867.38 ((M+HCOOY), 821.37 ((M-H]), CssHeO19 Diterpene triglucoside isomer 1
315.17 727.31, 659.32, 497.13 (822)
22 1222 931.37 ([M+Na]"), 847.40, 425.76 907.38 ([M-HJ’), 701.33 C41He40n2 Diterpene malonyltriglucoside
(908)
376 https://doi.org/10.11002/fsp.2025.32.3.371
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(continued)
No. tr (min) Fragment ions (m/z) Molecular Predicted compounds
formula
Positive Negative (MW)
23 12.36 931.37 ([M+Na]"), 847.40, 425.76 907.38 ([M-H]), 701.33 C41HesOn2 Diterpene malonyltriglucoside
(908) isomer 1
24 12.52 1123.51 ([M+Na]"), 1101.53([M+H]"), 1145.52 ([M+HCOOY), 1099.51 CsoHs4O26 Capsianoside 111
570.24 (IM-H]) (1100)
25 12.86 1209.51 ([M+Na]"), 829.41, 624.39, 1185.51 ([M-H]), 1141.52, 1081.50 Cs3Hs6029 Capsianoside new II
271.18 (1186)
26 13.09 683.32 ([M+Na]"), 365.10, 275.99 659.32 ([M-H]), 319.22 C3Hs2014 Capsianoside 1
(660)
27  13.20 1123.51 ([M+Na]"), 769.34, 570.24 1099.51 ([M-H]), 745.36, 539.31 CsoHs4O026 Capsianoside III isomer 1
(1100)
28 13.41 1107.51 ((M+Na]"), 1085.56 ((M+H]), ~ 1129.52 (IM+HCOO]), 1083.52 CsoHs4Ons Capsianoside VIII
562.24 (IM-H]) (1084)
29  13.55 769.32 ([M+Na]"), 451.10, 275.99 745.32 ([M-H]), 701.33, 319.22 C35sHs4017 Unknown
(746)
30 13.74 1193.52 ([M+Na]"), 1171.53 ((M+H]"),  1169.52 ([M-H]), 1125.53, 745.32, Cs3Hg6Oos Malonyl capsianoside VIII
769.32, 451.10 701.33 (1170)
31 13.96 683.32 ([M+Na]"), 365.10, 275.99 659.32 ([M-H]), 319.22 C3Hs2014 Capsianoside 1
(660)
32 1412 1107.51 ([M+Na]", 1085.56 ([M+H]"),  1129.52 ([M+HCOO]), 1083.52 CsoHs405 Capsianoside 11
562.24 (IM-H]) (1084)
33 14.15 915.38 ([M+Na]"), 753.32, 451.10, 891.38 ([M-H]), 685.34 C41HesOn Diterpene malonyltriglucoside
303.23 (892)
34 1442 1193.52 ([M+Na]"), 1171.53 ((M+H]"),  1169.52 ([M-H]), 1125.53, 745.32, Cs3Hs7028 Malony! capsianoside VIII
769.32, 451.10 701.33 (1170) isomer
35 1496 915.38 ([M+Na]"), 753.32, 451.10, 891.38 ([M-H]), 685.34 C41HesOn1 Diterpene malonyltriglucoside
303.23 (892) isomer 1
36 1541 829.39 ([M+Na]"), 712.34, 447.25, 805.38 ([M-H]), 663.32, 595.25, CssHe2O18 Capsianside IV
365.10 565.24, 146.96 (806)
37 1558 1851.81, 1835.35 ([M+Na]"), 1025.62,  1811.83 ([M-H]), 1767.84, 1125.53, CgiH36044 Capsianosides
467.08 1083.52 (1812)
38 1575 1921.83 ([M+Na]"), 1431.62, 1025.61,  1897.82 ([M-H]), 1225.53, 663.32, CoiH 13404 Capsianosides
467.08 264.93 (1898)
39  16.18 1587.79 ([M+Nal"), 1052.62, 447.27, 1563.79 ([M-H]), 1083.52, 568.83, C76H24053 Capsianoside A
290.27 264.93 (1564)
40 16.33 1673.79 ([M+Na]"), 1025.61, 467.08, 1649.78 ([M-H]), 1605.80, 1083.52, CyeH 122031 Dimeric esters capsianosides
447.27 568.83 (1650)
41 1641 1775.76 ([M+H]"), 1025.61, 593.33, 1773.73 (IM-HJ), 1735.78, 663.32, Cg3Hi2204 Dimeric esters capsianosides
467.08 264.93 (1774)
42 16.52 1733.84 ([M+Na]"), 1009.62, 431.27 1709.84 ([M-H]), 1083.52, 568.83, C71H,33045 Capsianoside E
264.93 (1710)
43 16.70 1819.84 ([M+Na]+), 1775.76, 1009.62, 1795.84 (IM-HJ), 1751.85, 1083.52, Cg1Hi36043 Dimeric esters capsianosides
431.27 264.93 (1796)
44  16.84 1921.81 ([M+H]"), 1415.62, 1009.62, 1919.78 ([M-HJ), 1881.83, 1751.85, C3H,360s3 Dimeric esters capsianosides
577.33 264.93 (1920)
45  17.73 1819.84 ([M+Na]"), 1775.76, 1009.62,  1795.84 ([M-H]), 1125.53, 1083.52, Cg1Hi36043 Dimeric esters capsianosides
431.27 264.93 (1796)
46  19.40 437.18 ([M+Na]"), 41520 ([M+H]"), - C24H3006 Unknown
119.08 (414)
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Fig. 2. PCA score plot (A) and heatmap plot (B) of six pepper cultivar fruits. Metabolites having variable importance on the projection

(VIP>1.0) were represented in Heatmap plot.
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2 gEFolut, capsianoside E 52 XESH dimeric ester
capsianoside 7} capsianoside 1 52 X3St monomeric ester
capsianoside 771 8 A2 HEE AT}

Q0]1F09} HFNFE E3sl= Yo 2= capsianoside A
9} BE& 233t BEAgFo] thE dimeric ester capsianosideH-2}
capsianoside 1 52 X&3%t HEA}FFo] th2 monomeric ester
capsianoside 77} 8 hAAIZ AESE U AA7R 13T
3)y= EAJgFo] thE dimeric ester capsianoside’}, capsianoside
17} & Z33st EX15Fo] t+E monomeric ester capsianoside
2. nasunin, quercetin 3-rutinoside, “L8] 11 feruloyl putrescine
7} 78 SIFEE AEFUt. AFA7IR| 13= late anthocyanin
biosynthetic gene52 W A|A nasuning AJAISch G4
UTK(Tang, 2020). E3F A7 3= QtEAJolY AJ3HA]
T4 % coumaroyl glucosideF2} flavonoid glycosideF2] T
Ao weo] gwe & 4E Ao wud oo
(Fernandez-Ronco 5, 2013; Liu 5, 2022). AFA7}R] 1130]=
nasuning THF Rl Eol AR ST 4 e,
4o A8 T2 15 B Ve AR B U
coumaroyl glucoside®, flavonoid glycoside®, 1&]
capsianoside = EHRIT 4= QUUTh £ ALoA = 652 1=
B3 RUS G BAslson, 1k 55 EE 59 2
AAZR hAA B4 A7 o= g4tEHh

S e o

R
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3.2. MM IFZPE 22fE SIEfE 1-69 T4

RAAATHE B Qo] AT 1% BFEH 99
coumaroyl glucosidesF, flavonoid glycosidesF, capsianoside:+
59 BT -8 FES RO AU RISkl olof
APA7IR]| 115-0] A& Hlo]E o] Ao 7| AR E E85}7] ¢
sto] 7 94 ShEEe] wsk A FxAHE AEsY
ot AA71R| 1739] BuOH E8EZ2HE ODS Y silica gel
column chromatographyS ©0]&5}9] 6%9] 33l&E(1-6)S &
gstglon], MS % NMR #42 53 1 F£25 WAt °]
% (8R)-isodehydrodiconiferyl alcohol-4'-B-D-glucopyranoside
(icariside E5, 3)(Iorizzi, 2001), apigenin-6-C-B-D-glucopyranoside-
8-C-a-L-arabinopyranoside(isoschaftoside, 4)(Materska, 2003),
quercetin 3-rutinoside(rutin, 5)(Aisyah 5, 2017), isorhamnetin
3-rutinoside(narcissoside, 6)(Kwon 5, 2011)2 thofst 13%
Fol 742 v Atk ke 12 ASRER BeEglon,
SRME 2= AMZIA S 8 MAAYER] nasuninCE -
% Ao ofof Tt AAIZE NMR 24 H7} n] g3t
Aol ool ket 134 200 gt FEA ZIE AA]
sf9ict

313lE 19] ESI-MS(positive) spectrumO]|A] sodiated molecular
ion peak®l m/z 975.2382[M+Na] @} protonated molecular ion
peak?l m/z 953.2406[M+H]©|, fragment ion peakZ m/z
791.20, 521.09, 7182 293.100] &=t ESE high

https://doi.org/10.11002/f5p.2025.32.3.371



Food Sci. Preserv., 32(3) (2025)

resolution mass spectrometry(HR-MS) 4] ZAx}o] 4 o] 3}5+
B0] BAFALS CHyOnlm/z 951.2407, CooHyOns, +0.0 mDal
S & 4 Y9t} FBHE 19] 'H-NMR spectrum(600 MHz)o]|
A benzene ring®] meta-coupling®l| SF5l= 359 proton
signal=[6y 7.07(2H, s, H-2', H-6"), 6.53(1H, d, J=2.4 Hz,
H-5), 6.27(1H, d, J/=2.4 Hz, H-3)]3} 19| methylene proton
signal {5y 3.64(d, J=17.2 Hz, H-Ta), 343(d, J=17.2 Hz,
H-7b)jo] &=l IHEY aglycone5S gallic acid?t
trihydroxyphenylacetic acid®] 2A7} AAME AT ESE
trans-p-coumaric acido]] gsH= 229] p-substituted benzene
ring proton signal=[8 7.55(2H, d, J=9.0 Hz, H-2"", H-6""),
6.79(2H, d, /=9.0 Hz, H-3"", H-5""]1} 2%9] olefinic double
bond proton signal=[8y 7.55Q2H, d, J=9.0 Hz, H-2"",
H-6"), 6.792H, d, /=9.0 Hz, H-3"", H-5""|} 2] olefinic
double bond proton signalE[dy 7.55(1H, d, J=16.2 Hz,
H-7"), 6.39(1H, d, J=16.2 Hz, H-8"")Jo] T&Egit}. o]o]
golo] 259 B-glucose?} 159] a-rhamnose®]| 3|Fol= 35
9] anomeric proton signalS[dy 5.34(1H, d, J=7.8 Hz, H-1"),
474(1H, d, J=7.8 Hz, H-1"), 4.62(1H, br. s, H-1")]} 1 9]
proton signalE(Sy 3.82-0.98)0] T&AE oM, o]&2 'H-'H
COSY spectrumO]|A] &%  proton-proton ATLHAET}
coupling constant valueZ5-E Az} EQl= i}, sieE 19
BC-NMR  spectrum(150 MHz)o|4] 3%9] carbonyl carbon
signalE[(3c 169.5(C-8), 164.1(C-7), 166.34(C-9"")], benzene

(A) (B)

oM

(D) (E)

ring 2 olefinic double bond]] 3JFo}= 20%2] carbon signals
(8¢ 159.76-107.16), 19| methylene carbon signal(8c 28.84),
23 F 52l 1859 carbon signalS(Sc 101.58-17.40) &g}t
St & 42%9] carbon signalE°] TEE AT MS ¥ 1D-NMR
£ A2 HE FRME 12 gallic acid, trihydroxyphenylacetic
acid, trans-p-coumaric acid, 712]1l 3%9] go] Ay 1X=2
AAFE QAT HSQC, 'H-'H COSY, HMBC £9] 2D-NMR £
e 53 o] IREY aglyconeE2 gallic acid, 2,4,6-
trihydroxyphenylacetic acid, ZL2]3 trans-p-coumaric acid=
RI= . HMBC spectrum© Al T2 §y 4.62(H-1"")¥ 8¢
66.4(C-6")2] *Juc ABTAZHE glucose?] 692} rhamnose
9] 191717} A4 rutinosedS & = ATk EE HMBC
spectrumol| 4] TH2HE §yy 5.34(H-1")2} 8¢ 169.5(C-8), 1811
Sy 4.74H-1"2F 8¢ 157.1(C-6)2] “Jye ALBAERRE 1%
9] glucose®} rutinosex= 2,4,6-trihydroxyphenylacetic acid®] 6
99F 89lo] 27 APl &L T % Uik T2, by
4.87(H-4™E 8¢ 166.3(C-9"")2] “Jue AHTAT} Hate|of
p-coumaric acid= rutinosel] C-4"™of AjlEo] IS & &
Ql3itt. HMBC &4 ZAIE Z3s] HWH, gallic acid=
2,4,6-trihydroxyphenylacetic acid®] 29]0] Z3}Eo] Q= A o=Z
Ay 1EE FME 12 4'-trans-p-coumaloylrutinosyl
2-(O-galloyl)-6-(O-p-glucopyranosyl)-4-hydroxyphenyl acetateO.
2 SjAElon, ol A4t SRIEE W EUH(Fig. 3). 3kt
= 19] & D/L configuration= S 2FQl A7} Q75

Fig 3. Structures of the isolated compounds (A-F) and important HMBC correlations (arrows) for A-D. (A), 4'-trans-p-coumaloylrutinosyl
2-(O-galloyl)-6-(O-B-glucopyranosyl)-4-hydroxyphenyl acetate (1); (B), nasunin (2); (C), icariside ES (3); (D), isoschaftoside (4); (E),

rutin (5); (F), narcissoside (6).
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S 29] ESI-MS(positive) spectrum O Z5-E protonated
molecular ion peak m/z 919.2533[M]'7}, m/z 757.19, 465.10,
J18]31 303.059] fragment ion peakE°] IWEE ;. E3|
fragment ion peak? m/z 303.057} TEEo] IFE 29
aglycone anthocyanin®] 7| E2-ZZ9l delphinidin®. & AJA}E]
9itk. 3 HR-ESLMS 24 2325 of 3HBe] HA4)
L CyHy0n[m/z 919.2540, +0.0 mDalS & 4 AT} ESH
BC-NMR spectrum(150 MHz) 0 2 2.8 1£9] carbonyl carbon
signal[8c 169.55(C-9"")], benzene ring & olefinic double
bondo] 3Fsl= 23%9] carbon signalE(5c 160.68-115.05),
183 F 2 18%9] carbon signalS(8c 102.75-17.89) X
et F 42%F:9] carbon signalEo] TEEQH. E 29
'H-NMR spectrum(600 MHz) Q. 2XE anthocyanin A ring®]
| Z5= 2%9] meta-coupling proton signal={dy 6.96(1H, d,
J=12 Hz, H-6), 6.94(1H, d, /~1.2 Hz, H-8)], B ring®] gallol
ol fgsR= 159] proton signal[8y 7.64(2H, s, H-2', H-6")], L
2|1 C ringo]] 3F3l= 15:9] proton signal[éy 8.81(1H, s, H-4)]
o] TaEjo] o] BRHEY] aglycone?] 7] EZ<1 delphinidini©]
Z5HA AAFE Q). ESE trans-p-coumaric acido] sfEdl= 2
2:9] p-substituted benzene ring proton signal=[dn 7.35(2H,
d, /=8.7 Hz, H-2"", H-6""), 6.80(2H, d, J=8.7 Hz, H-3"",
H-5"")]2} 2%:9] olefinic double bond proton signal=[dy 6.17
(1H, d, /~15.6 Hz, H-7""), 7.52(1H, d, J=15.6 Hz, H-8"")]0|
HEESIT old] Hsto] 2F9] B-D-glucose®t 159 a-L-
rhamnose®]| 3|95l 3%2] anomeric proton signal=[dy 5.60
(1H, d, J=7.8 Hz, H-1"), 5.22(1H, d, J=7.8 Hz, H-1"), 4,73
(1H, s, H-1")]3} 1 9]9] proton signalE(Sy 3.44-4.88)0] &
ZESth MS 9 ID-NMR £4 ZAi=RE 3RRIE 2+
delphinidin, trans-p-coumaric acid, 71811 3%9] go] Agte
TERE AAER. SE 29 BEFRXES HSQC, 'H-'H
COSY, HMBC 59 2D-NMR EA4& 53 3Hl=qich
HMBC spectrum| 4] ZHE §y 4.73(H-1")T} 5¢ 67.4(C-6")
9] 3y AIAZEE glucose®} rhamnose”} Z3HE rutinose
AS & 4 YSiT}h E3F HMBC spectrumol| A TH2E 5y 5.22
(H-1")%} 8c145.5(C-3), LT 8 5.60(H-1"2k 8¢ 156.6(C-5)2]
e ABBAEREE 129 glucose®} rutinose= delphinidin®]
3919k 590l 27 Aol A2 & - AT 1AL Sy
4.88(H-4"2k 8¢ 169.5(C-9"9] “Jye AETA7F FEE of
p-coumaric acid rutinose®] C-4™o] A= Y2 & &
ATk FRHE 29] MS € ID-NMR 2= 7HR 2 RE 5435
delphinidin 3-[4-p-coumaroyl)-rutinoside]-5-glucoside(nasunin)
o] RS dA|7to] ZlEAth(Ichiyanagi 5, 2005). w2}
A SIS 2% delphinidin 3-[4-p-coumaroyl)-rutinoside]-5-
glucoside(nasunin) 0.2 -3 S|4 = 1tk(Fig. 3B).

A7 A A2 RE BEEH 659 SIRMES 4-rransp-
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coumaloylrutinosyl  2-(O-galloyl)-6-(O-B-glucopyranosyl)-4-
hydroxyphenyl acetate(1), nasunin(2), icariside E5(3),
isoschaftoside(4), rutin(5), narcissoside(6)Z =3[ = At
o] % AR 262 TFo|M FHE v Yotk Lemos 5,
2019), AM7A 130 FGolE EAST LS BT 4
A SfghE 12 AFo)A Aoz E2ld st A
7k 2150 2L 95 LC-MS A £4& 5ol A&t
SRl 4= AT 12, e 122 115304 nasunin(2)ZF
B A4 2eitEd 7ol AZIHE . e, sk 12
S5 A F5h= B¢ IR0 E Folu ¥l 5o B9k
=¢1 nasunin Q= RE AR} £ AR 7FsAE o,
F 9 SFFEQA Wole dHe A7 e deE I
A AAZER nZ0A mERlE T HsA dtE 9
capsianoside 75 "I C& 71 2] 9 F254 Fof AUk

X

=
-

<
i
ol

k=
o

3.3, Et2lE 21812 1-69 ABTS+ radical-scavenging
=4

AU DR RE B 659 delE SRS e
ABTS" radical-scavenging &4 7153 tHFig. 4). SIS
1[4'-trans-p-coumaloylrutinosyl  2(O-galloyl)-6-(O-B-glucopyranosyl)-
4-hydroxyphenyl acetate], 2(nasunin), 12|11 S(quercetin
3-rutinoside)®] ABTS" radical-scavenging &2 t}2 3% 3}
A=(3, 4, 6)°f| vl FosHA =A Uttt HeA siEo
radical-scavenging 42 hydroxyl group?] 42} xJof u}k
2} & AJol7h Yekal B IE I Itk Thavasi &, 2009). £3],
galloyl#} catechol 725 Zt= HwA 39HEO0| radical-
scavenging S H|ESH Atst Aol ol Bald
v} Qlth(Andjelkovié &, 2006). & Lo A= galloyl group
< 2t 3hE 13 catechol 725 2= 3HE 29} 571 1%

250

a
200 a
a
150
100
5
b b b
: I il
1 3 4

2 5 6

ABTS+ radical-scavenging activity (mg AAE/g dr. wt.)
g

Fig. 4. ABTS" radical-scavenging activities of the isolated compounds
1-6 isolated from purple pepper fiuits. *"Letters above the bars
indicate significant differences (p<0.01). The bars and error
bars represent mean+SD (n=3). AAE, Ascorbic acid equivalent.
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9] hydroxyl group< il Q= T2 3% SIRME(S, 4, 6)°] H]S]
radical-scavenging &4J0o] 25t A1 07 o AZIt} Quercetin
I} apigening 7] ZAOCZE = flavonoidF2} cyanidind}:
22 anthocyaninf= - FARRE, ek, F+f, 181 gHfo]
A a7 9100, icariside E5(3), isoschaftoside(4), 1|1
narcissoside(6) =2 S 58S 7HA 1 Qhal HaE
H} Qltk(Enogieru 5, 2018; Fu 5, 2022; Kang 5, 2021; Lee
S, 2024; Matsubara 5, 2005; Noda 5, 2000; Yang 5,
2012). 1BE, & AfofA 5% 659 sRIEE2 A
7150 FAkst E4S 2ETE YA 70T Aom
7|t

4. Q0
42 207k S gl A % §
ofshast, A% 258 it 5L
of 7Ilst= -8 e dElstal ket H4EEE 7
ot AHH7RA] 315 BuOHS oA A2
SES 2okt dEE sRiEES deE MS%}
NMRZ o|-&35}o] A3t 3RHE9Q1 4'-trans-p-coumaloylrutinosyl
2-(0-galloyl)-6-(O-B-glucopyranosyl)-4-hydroxyphenyl acetate(1),
nasunin(2), icariside E5(3), isoschaftoside(4), rutin(5), 1|1
narcissoside(6) 2.2 =745}3ict T@Eld 629] 3ME-S ABTS'
radical-scavenging &4 HoH, 1 £ II¥HE 1, 2, 18
T st T2 359 SR ve £ BHS ek
QATATE AAFA 12e] BAT o] UoiH AE E= ¢
8o s &go] 7tiE

W

Funding

This study was carried out with the support of “Cooperative
Research Program for Agriculture Science and Technology
Development (Project No. RS-2022-RD10364)”” Rural Development
Administration, Republic of Korea.

Acknowledgements
The authors wish to thank Rural Development Administrationfor
providing samples for this research.

Conflict of interests

The authors declare no potential conflicts of interest.

Author contributions

Conceptualization: Kim HW, Lee SH, Cho JY. Methodology:
Chae SH, Seo SH, Won YS. Software: Chae SH. Validation:
Lee SH, Moon JH. Formal analysis: Chae SH, Cho JY.

https://www.ekosfop.or.kr

Writing - original draft: Chae SH, Seo SH, Lee SH, Cho JY.
Writing - review & editing: Chae SH, Moon JH, Cho JY.
Visualization: Chae SH. Supervision: Cho JY. Project
administration: Cho JY. Funding acquisition: Kim HW, Cho
JY.

Ethics approval
This article does not require IRB/IACUC approval because

there are no human and animal participants.

ORCID

Seung-Hun Chae (First author)
https://orcid.org/0009-0009-4566-4031
Soo-Hee Seo
https://orcid.org/0009-0006-0941-9395
Ye-Seon Won
https://orcid.org/0009-0000-0620-2517
Heon-Woong Kim
https://orcid.org/0000-0002-8517-4709
Sang-Hyeon Lee
https://orcid.org/0000-0003-4895-1123
Jae-Hak Moon
https://orcid.org/0000-0002-1927-2124
Jeong-Yong Cho (Corresponding author)
https://orcid.org/0000-0002-2048-5661

References

Aisyah LS, Yun YF, Herlina T, Julacha E, Zainuddin A,
Nurfarida I, Hidayat AT, Supratman U, Shiono Y.
Flavonoid compounds from the leaves of Kalanchoe
prolifera and their cytotoxic activity against P-388
murine leukimia cells. Nat Prod Sci, 23, 139-145 (2017)

Andjelkovi¢ M, van Camp J, de Meulenaer B, Depaemelaere
G, Socaciu C, Verloo M, Verhe R. Iron-chelation
properties of phenolic acids bearing catechol and galloyl
groups. Food Chemistry, 98, 23-31 (2006)

Arimboor R, Natarajan RB, Menon KR, Chandrasekhar LP,
Moorkoth V. Red pepper (Capsicum annuum) carotenoids
as a source of natural food colors: Analysis and stability
—A review. Korean J Food Sci Technol, 52, 1258-1271
(2015)

Batih GES, Alqahtani A, Ojo OA, Shaheen HM, Wasef L,
Elzeiny M, Ismail M, Shalaby M, Murata T, Zaragoza-
Bastida A. Rivero-Perez N, Beshbishy AM, Kasozi KI,
Jeandet P, Hetta HF. Biological properties, bioactive
constituents, and pharmacokinetics of some Capsicum
spp. and capsaicinoids. Int J Mol Sci, 21, 5179 (2020)

381



Bioactive compounds from purple pepper

Carvalho Lemos V, Reimer JJ, Wormit A. Color for life:
Biosynthesis and distribution of phenolic compounds in
pepper (Capsicum annuum). Agriculture, 9, 81 (2019)

Chilczuk B, Marciniak B, Stochmal A, Pecio L, Kontek R,
Jackowska I, Materska M. Anticancer potential and
capsianosides identification in lipophilic fraction of
sweet pepper (Capsicum annuum L.). Molecules, 25,
3097 (2020)

Choung MG, Lim JD. Antioxidant, anticancer and immune
activation of anthocyanin fraction from Rubus coreanus
Miquel fruits (Bokbunja). Korean J Medicinal Crop, 20,
259-269 (2012)

Ciccone MM, Cortese F, Gesualdo M, Carbonara S, Zito A,
Ricci G, de Pascalis F, Scicchitano P, Riccioni G.
Dietary intake of carotenoids and their antioxidant and
anti-inflammatory effects in cardiovascular care. Mediat
Inflamm, 2013, 782137 (2013)

da Silveira Agostini-Costa T, da Silva Gomes I, de Melo
LAMP, Reifschneider FJB, Ribeiro CS da C. Carotenoid
and total vitamin C content of peppers from selected
Brazilian cultivars. J Food Compost Anal, 57, 73-79
(2017)

de Aguiar AC, Machado AP da Fonseca Machado AP,
Figueiredo Angolini CFF, de Morais DR, Baseggio AM,
Eberlin MN, Marostica Junior MR, Martinez .
Sequential high-pressure extraction to obtain capsinoids
and phenolic compounds from biquinho pepper (Capsicum
chinense). J Supercrit Fluids, 150, 112-121 (2019)

Enogieru AB, Haylett W, Hiss DC, Bardien S, Ekpo OE.
Rutin as a potent antioxidant: Implications for
neurodegenerative disorders. Oxid Med Cell Longevity,
2018, 6241017 (2018)

Fu RH, Tsai CW, Liu SP, Chiu SC, Chen YC, Chiang YT,
Kuo YH, Shyu WC, Lin SZ. Neuroprotective capability
of narcissoside in 6-OHDA-exposed parkinson’s disease
models through enhancing the MiR200a/Nrf-2/GSH axis
and mediating MAPK/Akt associated signaling pathway.
Antioxidants, 11, 2089 (2022)

Gang HM, Park HS, Rhim TJ, Kwon KR. A study on the
comparison of antioxidant effects between hot pepper
extract and capsaicin. J Pharmacopunct, 11, 109-118
(2008)

Haseeb A, Chen D, Haqqi TM. Delphinidin inhibits IL-1p-
induced activation of NF-xB by modulating the
phosphorylation of IRAK-15%7® in human articular
chondrocytes. Rheumatology, 52, 998-1008 (2013)

Ichiyanagi T, Kashiwada Y, Shida Y, Ikeshiro Y, Kaneyuki
T, Konishi T. Nasunin from eggplant consists of cis-
trans isomers of delphinidin 3-[4-(p-coumaroyl)-I-
rhamnosyl (1 — 6) glucopyranoside]-5-glucopyranoside.
J Agric Food Chem, 53, 9472-9477 (2005)

Torizzi M, Lanzotti V, De Marino S, Zollo F, Blanco-Molina

382

M, Macho A, Munoz E. New glycosides from Capsicum
annuum L. var. acuminatum. Isolation, structure
determination, and biological activity. J Agric Food
Chem, 49, 2022-2029 (2001)

Jang HY, Lee SH, An 1J, Lee HN, Kim HR, Park YS, Park
BK, Kim BS, Kim SK, Cho SD, Nam JS, Choi CS,
Jung JY. Effects of delphinidin in anthocyanin on
MDA-MB-231 breast cancer cells. J Korean Soc Food
Sci Nutr, 43, 231-237 (2014)

Jin MG, Kim MJ, Choi JM, Kim YH. The changes in content
and true retention of bioactive compounds in peppers
according to the cooking method used. J Korean Soc
Food Sci Nutr, 51, 334-343 (2022)

Kang KJ, Kim BH, Kim DH, Yun HJ, Cho YS, Han NE,
Choi JC, Lee SN, Choi OK. Determination of the
contents of apigenin and luteolin in vegetables. J
Korean Soc Food Sci Nutr, 34, 233-241 (2021)

Kim HR, Kim S, Kim SJ, Jeong SI, Kim SY. Rhynchosia
volubilis Lour. and Beta vulgaris modulate extracts
regulate UV-induced retinal pigment epithelial cell and
eye damage in mice. Korean J Pharmacogn, 51, 131-138
(2020)

Kim JS, An CG, Park JS, Lim YP, Kim S. Carotenoid
profiling from 27 types of paprika (Capsicum annuum
L.) with different colors, shapes, and cultivation methods.
Food Chemistry, 201, 64-71 (2016)

Kim JS, Park JT, Kim S. Carotenoids analysis, antioxidant
activity and ant-diabetic effects of purple, brown and
ivory colored paprika (Capsicum annuum L.). Korean J
Food Cook Sci, 34, 350-357 (2018)

Kim MH, Kim MH, Park YJ, Chang YC, Park YY, Song
HO. Delphinidin suppresses angiogenesis via the inhibition
of HIF-la and STAT3 expressions in PC3M cells.
Korean J Food Sci Technol, 48, 66-71 (2016)

Kim MS, Han YJ, Tripathi S, Kwak JW, Kwon JK, Kang
BC, Kim JI. Comparison of regeneration conditions in
seven pepper (Capsicum annuum L.) varieties. Korean
J Plant Res, 36, 527-539 (2023)

Kim YH, Kim DS, Woo SS, Kim HH, Lee YS, Kim HS, Ko
KO, Lee SK. Antioxidant activity and cytotoxicity on
human cancer cells of anthocyanin extracted from black
soybean. Korean J Crop Sci, 53, 407-412 (2008)

Kwon HS, Shin HK, Kwon SO, Yeo KM, Kim SM, Kim BN,
Kim JK. Antiinflammatory effect of aqueous extract
from red pepper on lipopolysaccharide induced inflammatory
responses in murine macrophages. J Korean Soc Food
Sci Nutr, 38, 1289-1294 (2009)

Kwon OS, Choi JS, Islam MN, Kim YS, Kim HP. Inhibition
of 5-lipoxygenase and skin inflammation by the aerial
parts of Artemisia capillaris and its constituents. Arch
Pharm Res, 34, 1561-1569 (2011)

Lee YH, So BH, Lee KS, Kuk MU, Park JH, Yoon JH, Lee

https://doi.org/10.11002/fsp.2025.32.3.371



Food Sci. Preserv., 32(3) (2025)

YJ, Kim DY, Kim MS, Kwon HW, Byun Y, Lee KY,
Park JT. Identification of cellular isoschaftoside-mediated
anti-senescence mechanism in RAC2 and LINC00294.
Molecules, 29, 4182 (2024)

Liu Y, Schouten RE, Tikunov Y, Liu X, Visser RGF, Tan
F, Bovy A, Marcelis LFM. Blue light increases
anthocyanin content and delays fruit ripening in purple
pepper fruit. Postharvest Biol Technol, 192, 112024
(2022)

Macel M, Visschers IGS, Peters JL, Kappers IF, de Vos
RCH, van Dam NM. Metabolomics of thrips resistance
in pepper (Capsicum spp.) reveals monomer and dimer
acyclic diterpene glycosides as potential chemical defenses.
J Chem Ecol, 45, 490-501 (2019)

Materska M, Perucka I, Stochmal A, Piacente S, Oleszek W.
Quantitative and qualitative determination of flavonoids
and phenolic acid derivatives from pericarp of hot
pepper fruit cv. Bronowicka ostra. Pol J Food Nutr Sci,
12, 72-76 (2003)

Matsubara K, Kaneyuki T, Miyake T, Mori M. Antiangiogenic
activity of nasunin, an antioxidant anthocyanin, in
eggplant peels. J Agric Food Chem, 53, 6272-6275
(2005)

Meng Y, Zhang H, Fan YY, Yan L. Anthocyanins accumulation
analysis of correlated genes by metabolome and
transcriptome in green and purple peppers (Capsicum
annuum). BMC Plant Biol, 22, 358 (2022)

Noda Y, Kneyuki T, Igarashi K, Mori A, Packer L.
Antioxidant activity of nasunin, an anthocyanin in
eggplant peels. Toxicology, 148, 119-123 (2000)

Saha S, Walia S, Kundu A, Kaur C, Singh J, Sisodia R.
Capsaicinoids, tocopherol, and sterols content in chili
(Capsicum sp.) by gas chromatographic-mass spectrometric
determination. Int J Food Prop, 18, 1535-1545 (2015)

https://www.ekosfop.or.kr

Song SH, Wi G, Moon JH, Cho JY. Changes in LC-
MS-based untargeted non-volatile metabolites of infused
black tea according to different storage temperature and
period. J Kor Tea Soc, 30, 58-71 (2024)

Srinivasan K. Biological activities of red pepper (Capsicum
annuum) and its pungent principle capsaicin: a review.
Crit Rev Food Sci Nutr, 56, 1488-1500 (2016)

Syukur M, Maharijaya A. Inheritance study for yield
components of pepper (Capsicum annuum L.). TOP
Conf Ser: Earth and Environ Sci, 196, 012009 (2018)

Tang B, Li L, Hu Z, Chen Y, Tan T, Jia Y, Xie Q, Chen
G. Anthocyanin accumulation and transcriptional regulation
of anthocyanin biosynthesis in purple pepper. J Agric
Food Chem, 68, 12152-12163 (2020)

Thavasi V, Bettens RPA, Leong LP. Temperature and solvent
effects on radical scavenging ability of phenols. J Phys
Chem, 113, 3068-3077 (2009)

Tobolka A, Skorpilovi T, Dvotdkovd Z, Fernandez
Cusimamani E, Rajchl A. Determination of capsaicin in
hot peppers (Capsicum spp.) by direct analysis in real
time (DART) method. J Food Compos Anal, 103,
104074 (2021)

Wahyuni Y, Ballester AR, Sudarmonowati E, Bino RJ, Bovy
AG. Metabolite biodiversity in pepper (Capsicum) fruits
of thirty-two diverse Variation in
health-related compounds and implications for breeding.
Phytochemistry, 72, 1358-1370 (2011)

Yang YR, Cho JY, Park YK. Isolation and identification of
antioxidative compounds 3,4-dihydroxybenzoic acid
from black onion. Food Sci Preserv, 19, 229-234 (2012)

Yoon HJ, Lee S, Hwang IK. Effects of green pepper
(Capsicum annuum var.) on antioxidant activity and
induction of apoptosis in human breast cancer cell lines.
Korean J Food Sci Technol, 44, 750-758 (2012)

accessions:

383



