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Abstract. This study aimed to investigate the changes in bioactive compounds across the ripening stages of three
pepper cultivars, each characterized by unique skin colors. The samples used in this study consisted of three pepper
cultivars distinguished by their skin colors as green, purple, and yellow green at breaker ripening stage. Samples were
harvested at each of the four ripening stages, including premature, breaker, turning, and mature, and subjected to
analysis for various bioactive compounds, including capsaicin, ascorbic acid, kaempferol, quercetin, and sugars. In all
cultivars with varying skin colors, the capsaicin content within green pepper fruits consistently increased as the
ripening stages advanced. Ascorbic acid was most abundant during the premature stage of development in purple and
green cultivars, subsequently declining as maturation progressed. In the case of the purple cultivar, kaempferol content
decreased by approximately 30% at the mature stage, while the green cultivar exhibited a gradual increase in
kaempferol content with maturation. Conversely, the kaempferol content of the yellow green cultivar rapidly declined
as maturation progressed. Regarding quercetin content, the purple and green cultivars tended to decrease with maturity,
while the yellow green cultivar displayed an increasing trend. Furthermore, the accumulation patterns of glucose,
fructose, and sucrose, the predominant free sugars in green pepper fruit, demonstrated an inclination to increase as the
maturation stage advanced in both purple and green cultivars. In contrast, the yellow green cultivar initially showed an
elevation in free sugar content during the immature stage, followed by a minor reduction during maturation and a
subsequent rise during the mature stage. Each pepper cultivar, distinguished by its unique skin color, exhibits varying
levels of bioactive substances at different ripening stages. Therefore, optimal harvesting and utilization should align
with periods when the desired substance content is at its peak.
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& SFolL A= oY o2 F73tal Qlr(Paran 2} van
der Knaap, 2007). -®-2|ehe] a1 Afulja 2]} At
(2021) 7}7}4,388ha 2t 168,375 E.0 & n]<wko] 7} A
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HZoll= A7 Heste] anjakso] ato] -5k Hap
Aot AFA 5 ThFRt AZE] St o] FATE WA
Az 0] S71e} mo] Au|Ae] 4m] G| B AL ek
(Choi -5, 2023). FE315-= -2|Ueh 2HAFEA v I
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Seoul, Korea), =(Nokgwang, Monsanto Korea, Seoul,
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Fig. 1. Four ripening stages in three pepper cultivar fruits. Premature
(P, 7-10 days after pollination, DAP), breaker (B, 15-20 DAP),
turning (T, 25-30 DAP), and mature (M, 35-40 DAP).
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of HAA| 2 0] FRJOIA AE-E AT} (Bac 5,
2013). FFE- 2 A] 74410 X](Sigma-Aldrich Chemical Co.,
MO, USA) & ARE519IL

3. OfATEHAM BM

BXAAR 1.0g2 15mL FYZ EHof gol0.2M KH,PO,
(pH 4.5) SmL-& 715} 1 A7 HRS-A] 7] 3 15,0009 2 5 57+
YAEE](Allegra 64R, Beckman, Fullerton, CA, USA)3}]
AN ImL-E 0.2um AR FE| &2 of7}5}o] 4] of ALg-5}
9t} ofAT EHAF B2 HPLC(YL12000, Younlin Co.,
Seoul, Korea)E ©]-835}911L 24 ZH o2 DB-C18(4.6
mmx150mm, Supelco, PA, USA)E AL&35}o] DA 7A<7]
(YL9120, Younlin Co., Seoul, Korea) 2 HZ3}3Th o] 5Ar
-©.20mM ammonium acetate2}0.1% formiac acid= &5}
= 32} 25(A)2}F 20mM ammonium acetate2} 0.1%
formiac acid & 3£ 56}= HE-H(B) 0| it} &1 ) f-5a+ 4
H 08O &= Z17F B 0.7mL 2} 25°C &2 A5l o
7} N 7o) =Y 10uL ek FFmd 2] oA = HAL

(Sigma-Aldrich Chemical Co., MO, USA)& A5}

4, ECtHL0|E EA

AR 1.0gE 15SmL FYZ FEof Jof m|gkZ 10mL
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x| ZE|RE ofasto] EA o) ARSI Seti eo] =2
FFEEHL eheS 018310 1,000mg L FE=gHS vt
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nitrile 2} 25480 : 20, v/v) 11, Sl o] S Z P 0 Ho
Sri2l7h Beh 1 0L} 25°C 2 A 0B, 2t AR
SRS 1Lt BEBURA A, EEg W
(Sigma-Aldrich Chemical Co., MO, USA)& AFE-5F3iTh

al
on
A

L

6. SHEM

ATt o] ThE A1 3552 e Y oufj %] 3HHES.
2 RHEE 2075 Al skl il dsTAE R
¥ Z7e] 213 A|5(500g) 5 33] vHEste] Al =
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73l 2ol QLQIA|ek, AukA] 0 2 )70 uls) At
= 749 Btk Beba) B 3o )47
=]
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Fig. 2. Variations in capsaicin accumulation across ripening stages in
fruit of differently colored pepper cultivars. Letters positioned
above the bars indicate mean separation by Duncan’s multiple range
test at p < 0.05. Vertical bars denote the standard deviation (7 = 3).
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Fig. 3. Variations in ascorbic acid across ripening stages in fruit of
differently colored pepper cultivars. Letters positioned above the
bars indicate mean separation by Duncan’s multiple range test at p <
0.05. Vertical bars denote the standard deviation (n = 3).
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RIS Fig. 49} -2, 4 g
7191 e 2 oﬂ et 919 A7} oiek et
| 55 o] mlss7lol= HHlE ghol A& kg 59mg
01]A1 A A38] Ao 7)ol 40mg O = 33.2% 7 74
SHTE A 5 v 9 miss7 o= A E gl A& kg
3 22mgofA| Aﬂ A3] Z71sked 2ha7] ol =34mg © 2 51.1%
Z71oh ARG Rk SHEA B 3410 ul]o 2
7= ghdol Zﬂg kg3 435mgofl A HA7]of = 164mg 0.2
62.3% 7‘*3}@‘ a1 2|79} k7)ol = 242 573 S5mg &
A5t 4 4R wck
] ke B A 9 A 391
P it 7\P°]7P UGN =H, A F5-0] ol A]
= A%} H%Oi A LR, S S 2
= S th Shets
F5 9| mls7) o= A=A
o] A& lkg% 1 12mg°1]A1 HA 7ol = 85mg O & 23.7% 7
25F3aL 2|79}k k<7 ofli= 242 5631} 50mg 2 = 50.03F
55.9% G sk Agolglct. 4 F5 1)
A=A g Auka] o = Wkt wls7ol= 1= 1kg
‘:1'42mg0ﬂ/\1 s7)ofl=34mg O 2 20% A= HAS= 7
s}, AA] EFOANE A4} tEo] Sl 7

6&% HAA=d, vls7ole A=AE o5 e kg 52mg

oA ehs7]0l= T4mg O & 42.4% S5
A2AI R RS AR} et Ee] THlo A vl
<710 w7 H st thee] A sk 3ol
2 521 Sl R0 2 walglol e Ak
K Ick(Fig. 6). el 55 2HA 0] vis7lol= HEAER
ol = 1kgd 3,270mgofl 4] HAY 7] o= 1,020mg 2. =

i)

68.8% 71231911, 2470} 7oz 217921 1 423mg
0@ 71 .87} 87.1%7} 7FA5HAT) =4 Z22 1A o] njsy]

ofli=43mgol| 4] Ad<3t} Bl Eo ‘iﬁ}ojl 2h&7]0li=26mg &
£ 39.5% skl A 5 B Y nlsvlol= Hl=
ANE™ Ffo] A= 1kgd 2,811mgoflx] HAZ]oA =
1,100mg 22 60.9% AstRal ==7|ol= 45Imgo &
84.0% A5tk

4, Q2|
o] vtu o] TR F5H A&ty of| w2 f-a g S
H3]=Table 13} 224, A9F4 0 2 113 v}l o] 25
T AN, 2T Y o 2 BAEQITL st olEe] i
£ THof|A] el Fego] 7t S Bl 5
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Fig. 4. Variations in Kaempferol across ripening stages in fruit of
differently colored pepper cultivars. Letters positioned above the
bars indicate mean separation by Duncan’s multiple range test at p <
0.05. Vertical bars denote the standard deviation (7 = 3).
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Fig. 5. Variations in quercetin across ripening stages in fruit of
differently colored pepper cultivars. Letters positioned above the
bars indicate mean separation by Duncan’s multiple range test at p <
0.05. Vertical bars denote the standard deviation (n = 3).
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Fig. 6. Variations in quercitrin across ripening stages in fruit of
differently colored pepper cultivars. Letters positioned above the
bars indicate mean separation by Duncan’s multiple range test at p <
0.05. Vertical bars denote the standard deviation (n = 3).
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Table 1. Concentration of sugar contents according to the ripening stages in fruit of three differently colored pepper cultivars.

Sugar (g'kg' D.W.)

Skin color Ripening stage Sucrose Glucose Fructose
Premature 8.7 ¢* 67.8 ¢ 572 d

Breaker 79.6 b 1199 b 91.6 ¢

Purple Turning 115.7 a 1843 a 1552 b
Mature 1384 a 1984 a 212.7 a

Premature 3l.1 ¢ 639 ¢ 412 ¢

Green Breaker 80.1 b 64.1 ¢ 43.6 ¢
Turning 1064 a 812 b 722 b

Mature 103.4 a 165.6 a 174.8 a

Premature 91b 1563 b 1141 b

Yellow green Breaker 98.2 a 1419 b 1092 b
Turning 1114 a 1874 a 176.1 a

Mature 94.8 a 205.6 a 201.3 a

“Mean separation within columns by Duncan's multiple range test at p < 0.05.

A THaof vlal] Rapolut A T oA 2 TS B
ok Hebd 5 1A 9] vlgv) ol b e AE 1ke
9 8.7go| A WAZ14=79.6g kg & Z7IHIL, 70
M 138.4g kg 0 & Z718H= HeS WYtk 2y o
2 1|%:7]9]67.8gollA] HA7]=119.8g 0 & Z7Fs19laL, o
&710 A= 198.4g 0 & F7loh= A S Bk g2 o]
%7121 57.2goll A A7 =91.5g 2 = 7 8k3laL, ehs7] o)
AME212.7g 0 & FGASHA S7Iete] Aol X HE 4= Tt
o] S7V=lE S Bk A F5 I 0] nj& 7 oll= =}
ko] A& 1kgtd31.1gol| 4] A 710l = 80.1g & 57}
T3 es7lolli=103.4g 082 F7F S B, A=
0145712 63.9gol| 4] HA7]ofli=64.1g 0. & T 3L} §19IA]
T k70| A= 165.6g 02 FA8HA 71k Has B9
o} gk 22 u|g | o A 7] ol A] ZF2F41.1 74435 0 &
T HI7F QAL 257] 0| A= 174.8g 0= 4.3u) o)+
HHA| Tk AeS Btk AT E5 2Hl o) v]%7)
o= A TEko] 5 1kgtd9.1golA] HA7]ofi=98.24g ©
2 Z7FAaL A7)0z 111.4g 0 & F7ksltrt k7o
£94.8g 02 ThA IHAdhs A S Bk X2 )47
oL A7 of| A 22+ 156.37F 141.9g 0 2 2 2}o]7} 1A
2|47 o] o] Z7Fste] 2h7] 0l H4=205.6g 0. & F7513
ok I mj<%719] 134.1gof| A HA7] o= 109.2g © 2 T}
& AT 5 FTI8E | AlAste] ehs7]0lli=201.3g 0%
AA F7Foh= A ok

o F

1129] capsaicinoid A| 552 313HE-2 capsaicin, dihydro-

MEAZHSS|X|, M32H K4z 20234

capsaicin, nordihydrocapsaicin, homocapsaicin 2 homo-
dihydrocapsaicin© & 113 uf-2ure] FAJE0]|31 homo-
capsaicin, nordihydrocapsaicin % homodihydrocapsaicin
So u|n A Fe e g 25 (Chiang, 1986; Shin®}Lee,
1991; Wahyuni 5, 2013). 325=9] uf|&- Ut A == capsaicin
o] HjaLx] 10022 74+ =131 dihydrocapsaicin®| 63, nor-
duhydrocapsaicin©] 11, homocapsaicin©] 504 homodihy-
drocapsaicin®| 39] =0 & ZIASIcHTodd 5, 1977). ui-&-
gko] 24 59] capsaicin¥} dihydrocapsaicin 2] $HF B 8->
A FAh Bl ufe o2 Ao wuHtkung 5,
2010). 325=9] v Uk U= FAbol 4l ot 2 S5-st
g, aek Wl Qe ETHE Cleet AR} Qe Ao B
wo] mf2 gro] EAIEE M B8k AR|RFE ST SAlolth
(Zhang 2} Po, 1994; Mori 5, 2006). Z4ALO|A| 0] =.9] $HA]
S FE5l= G4 capsaicin synthase 2} acyltransferase ©
2 vanillylamines} 22 AARS SSakzn] ojgic)
(Diaz 5, 2004; Stewart 5, 2005; Stewart 5, 2007). 3t 74
ALOIA k0| =i B 2}0] SETA| Lo} A RO] A uf 2] of A 7
Qo] SA wm FujA|a20] o) FE 7= AL f#te] ax320
AT iAol Al b0l Eim TR 0] A3t} BlE o] S4] %7
AAFsEe] 1A o] =27]7} Ht| Tt wHE o] Lozt Z{ i uf
7V =2 ke BRIt Diaz 5, 2004; Aza-Gonzilez %,
2011)+= K18} Zho] wpujafo] ZAQ] ehexrlofli= Hs E5E
ollx] Aol 41 gl S7hehe Aakg w ek

QI 02 HEP CElTL Beh ofAT 2 HARS S84
o2 ERe AelehAlo] Hojslol 25 43S ol A% H o
038 slof sHe $03 /)54 Bole). S8 Aelx
Ayake gale ARg et S malato] Al EAke WA gke.
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BH A Eo 225 HYSIA 7 = 2SSk Ve B R
212} QT Leeo} Kim, 1989). F115:0] o] AT 2 HALS.
Aptkek sou) o4 Be] T Elo] glon), BEe] 45 5
3 we] 270 kAol FaskAlolcKHoward 5, 1994).
EQFofAsl 2 Ak JALo) 4] F0] 7] 52 YA o' A%
o] 41 4\ok ] Fatal Aol 24 FhelgtePark,
1995). o] gt ALY EE-2 s, FEAMOII L &
oPoll M 0 2 gk ujATka stk = Algle] Az}
13 TpA0) o AT A FRES. E0) T T Aol
QUUATE, A BAPE AL haois HHE wole
v, o}z W] o} Foul TP Aol ufet F71RIce
e} Hij o] AvE B $thRashida 5, 1997; Ferreyra 5,
2007). 12 THA10] O} AT B GRS QlukA 0 5 A4}
7 Foll S7FIthL s19l=t(Lee 5, 1995; Gnayfeed .,
2001; Marin 5, 2004), 2 A1g12] Aol A= 7251 A
2 Ho] Afolgh AukE Rk 1 THoA] ofAT =B
2ol 2l WPRBEo] glon] ofaTE AL A
TEAQ ST A0 prof| OfsfA] T B2 Aul A7)
of wh2 gk xfo|= QIrh= 17} Qlri(Osuna-Garcia 5,
1098). 3t 474 2ol £ 2folut A 7 27
w2} gk 2jol= Q7| &= st Markus 5, 1999; Aloni 5,
2008). 115= I}l op AT B HARS] FHIL FHU O R FF
of 2§ Xho |7} 43meoll M 24Tmeg7}A] BEFTRL KL
o] glom] oli= 219 417 Aol 50— 100% o) 3
Sh= 4=Fo|ti(Palevitch®?} Craker, 1996; Wahyuni %,
2011; Eggink 5, 2012). Akhtar S(2018)2- ThoFal T2
7Vl 135 olgslo] obATE MAL 52 RARE 2k o3
| 34 51 2 130 w3 20 T304 71 e oleaL o}
o} dubA o ® fefulolA] EAIER o] 88k A7)
Ap7\Q1d), T lof T WAY|o] ofATE A} Gl
) £50]263.0mg 0.2 739l A} wetslo] 7t
7+208.59}222.1mg 0.2 thi e ek H o)

P Ahs0) L e 78 B HsslgiEs 7}
2] ie0] =) Aq) HAlA 2, QHEAIQIIZ Aol A1)
7} A, SR Akel SAAY 2 Behuico]s
A A}l A ER SR Kuh, 1976; Zhang 5,
2011), Zehe o] = SHES 720l w2} ohE Aok, &
2, Eophs, Seobis W SephEE LR s, 591 &2
Rz JE-2 BulEoA HulE, A=A 9 A=A EH 5
o) e & ZAHLiu S, 2012; Mutha S, 2021). 7F4z}e]
50 LA ol M 7L o S} A E A
29] sl }(Palevitch®} Craker, 1996) 2 115 I}Aofj = 712
Ellco|, Zabi o], opAT 2 HAN U E A3} 7

(MMt <A )

I~
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7)%5/dE 40| wol g--E]o] QItk Wahyuni -5, 2011; Howard
5, 2000). 313eof 3R | E, feruloyl O-glucosides,
dihydroxyflavone &} -2 Ee| W=z 3ot 3ol ol &
A& & A phytoanticipins 24 9] 752517 &= 3Hcl(Park
3 2012). QFEAOPd MAE FRAgh Kb 1155 A 9|5t
s A, 70, @A 1] TPS 7] o] S0l A
FrefE] el Camara 5, 1995). v]Ad<3h 5= TS G54
@} lutein, violaxanthin, neoxanthin¥} 2+ 7} 2 E] =0| =&
kAL Sl Aol dEAlE FAAI= HAd =
712 E] o] =4 MAE 2F 3t (Camara 5, 1995; Paran @}
van der Knaap, 2007; Egea 5, 2010; Howard 5, 2000). 2] A4
3 19 FQ R E] 0| == capsanthin ¥} capsorubin
o] violaxathin, b-carotene, luetin, antheraxanthin %
zeaxanthin& =gl 1771520 2 Q M4 ABo|c) 2 13
= g%el Q14 be} FlzEeol=8 Sheela olnt
(Hornero-Méndez -5, 2000; Wahyuni 5, 2011). 3115:9] &
Toll W Eojvls T AR S AT Ao, oot
ARG 7H 8 57 A8 AT e thal Kk
(Byun -5, 2016), ©]= Tju] o] Thefgt a7k HA At
3t A& i 7hs S Hofeth 2 A9 9 Aol A=
Hepdolu} A Aol A AT e|E, HEAE 2
A=A EAT} 22 Fehh o] & gFeFo] &30th

WO g U= 83 R S8 sh7 7 e
B 50 ke w9 AP 520 ' ol o g
FE EFE ASTA 2 g wet AolE Hloh
(Hwang®}Chung, 1998; Soh 5, 2011). & A& o] Ai}oj A
At o w2 T Aol = IAIRE3EE 5 8 T
A, 2 9 ko 2 FA QI v o] et =
A710] fele 54 S EE 1 Ao 7L S AR, Tt
u|Ao] M 6 7 A k= g7 oll= SRR E Y F4
ofl = 2 2|7} glSlt. 7] o] wfu| o] W eplQl a2
AR} Bl Eo] Fade dgo] HAtd o g2 Frtsk= 7
S Bl Aol WAL nlLy]of| 4] F M7 7k = 2 2}
o7} Yitht L7 ol S5 Sk Ade EaloH,
AT RN T2 w7 | KE =2 RS Kot A<ty
oll= T st 710l Tha] Sk AeRe 1Y)
o}, 2 Algle] Anke Erouh ahee] shere Aol 2l
Pers WA 0 2 11 9ol Zrtci o Tk of
T A3} Beltran2} Macklin, 1962)2} 22|51t} EnlE9]
745 4 e =g vhd(Lee 5, 1972; Davies 2}
Hobson, 1981)0]m & gee A<ago] g4 41l
x0. Z7Fshed), 1 AFo) koA E B5 71 B Al

ol AUMARL A<t tlEo] B AR S8 e
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