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Changes of Various Chemical Components by the Difference
of the Degree of Ripening and Harvesting Factors in
Two Single-harvested Peppers (Capsicum annuum, L.)

Suna Kim, Kyung-Seon Kim, and Jae-Bok Park*
Korea Food Research Institute

Abstract

Changes in chemical components caused by the degree of ripening and harvesting factors in Korean single-

harvested peppers (SR211 vs. SR213 varieties) were analyzed. The ASTA color values of SR211 and SR213 were 104.23
and 189.66, respectively. Capsaicinoids contents of red, mixed, and green peppers of SR211 were 174.89, 157.00, and
192.01 mg/100 g, respectively. However, those in SR213 contanined <5 mg/100 g. Free sugar contents of red, mixed, and
green fruits were 15.99%, 14.85%, and 8.03% in SR211 and 21.44%, 19.43%, and 8.10% in SR213, respectively, and
those in SR211 and SR213 increased positively with the degree of ripening. L-ascorbic acids contents of red, mixed and

green fruits were 11.41, 11.04, and 6.71 mg/ g

in SR211,

respectively and 7.47, 7.16, and 3.66 mg/g in SR213,

respectively and those in SR211 and SR213 increased positively with the degree of ripening. Changes in ASTA color
values, capsaicinoids and free sugars in two varieties were monitored for 3 years. The characteristics of pungency and high
redness were maintained in two varieties. Most notably, capsaicinoid contents of SR211 harvested in 2004 were above

250 mg/100 g in both red and green fruits.
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S5 ZZFRT ofeukd A Sheko] thA Hoix FE9] 7Y
Ao} Aol YAl TF3e] ARgal S ARSI

B dqers 880 B 4] BAo] *OrV}FCL A2k
IE T FE2 st B A9 st AR Aol ot
£ capsaicinoids, 213, ASTA A/d3%t, L-ascorbic acid B& &
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Ay TF SR2117{(Redlands Sweet Sue x HDA295Y
Cayenne Cajun, 2243 13k, Sulaks, 25 88¢, Y 82
em, 73 16com, UAFEE 82%1F SR213{(Jalapeno x 1%
Sel.(911020), 243k A8, 23%, 35 76 % 8icm, #
4 13 cm, YAFEE 95%) %}—% 20039 (GLEH(GO), BTG,
FE(PT)), 20043 (F4HGS), FLYW), FHYY)), 2005357
(ES), dAasyel Auste] A FEagch.

T3 Alge SR ol wEt ] Agg V)FEeR =
B3}, S5, AdgE RS, B 98 A @
2 AA = FHE 2355 Xé_??é}l w78 g%
&3] 60°CollA 5AILF AEskar 2
mm ©]3H(Cheonggesa CG-213, Seoul, Korea)?] % A|l82 Az
Elovi=

E+ =4 capsaicin, dihydrocapsaicin, fructose, glucose, L-
ascorbic acide} o]ejdl] Ao o] &H Al9FE Sigma AHSigma-
Aldrich Co., St. Louis, MO, USA)] A|&& o] &35t}

>

P14l e A 7Y Azme

ASTA color value

ASTA color 342 ASTA-20.1 WR(15)22 &30k 257}
F 70-100mgs 100mL &% Fepid] Hol ol ES A7t
o FZ8IAL 0°C, GheollA] 16A]7F &< WA ST oAE 3
&5 ASdE S T §99 FFEE uvvis B EA(V-
550, Jasco, Japan)E ©]8-3}l% 460 nmolA SFEE &AL

obejel Aol elsl AxtaoiTt.

By

ASTA. color = Absorbance of acetone extracts x 16.4 x If

Sample weight (g)
If: instrument correction factor

CIE Lab value

15 AEe Ane 2 ﬁ}(CE 300, Macbeth, Japan)E ©|
fak9rh AlEE S AU illuminantet observers
CIE Standard Illuminant C ¢} CIE 10 Standard Observer® 274
SISIEE. CIE Lab ALY, o, 5F b)) & A%, etk o, 2
U5 A9 YRS SH) A9 o399 o 4y
WrEE 2 4 ol AREEge] Tawl Sr)el AR
Chroma(C*)Q} s %@ﬁ,} /KH}\P x}o]ﬂ—(AE* b)o] L*, a*, & b*
el ofsf AlatE o ALkaL o) 2ot

=@+ o)

By = (A0 + (ab%)7 + (ALY

Capsaicinoids

2F9) capsaicinoids #4942 Vincent o( 6)2] ®o] el =
ettt A7 AR 48 50mL R
mLE 7FF F vortex mixer® 2%7F

Hell Y3 acetonitrile 20
23190}k C18 Sep-pak

2sk3]A] A 38 @ A 5 5 (2006)

(Waters, Milford, MA, USA)< acetonitrile 5 mL$} methanol 5
mLE 22 BHAA B4 AL, AE7FE 592 ImL
E sl TFF 9mlE kel & A 5, v 24512 €18
Sep-pak(Waters, Milford, MA, USA)l E3}rA E3-L BjRT)
Sep-pakell S-2Fl capsaicinoids® ©2HA]7]17] 2131 acetonitrile 4
mL9 1% acetic acidE -3 acetonitrile 1 mL2 A2 T34
#A 823190 829 capsaicinoidst HPLC(PU 980, Jasco,
Japan)E o] &-sto] HHEI T & capsaicinoids T capsaicin
F dihydrocapsaicin®] FOZ AFESIROH, BAA AM-E 2
& guard-column(Waters Guard-Pak™ Milipore Co., USA)°] 72}
¥ p-Bondapak C18(Waters, 3.9x300 mm, 10um, Milipore
Co., USA), 4vl+= MeOH: water(70 : 30), - 0.8 mL/min., 37
280 nm, LEL2% 35°C, IS 20 pLivh

saolg
Folg e 727k 209 80% ethanol 40 mLE 7lEted
voltex mixer® 287 F&3 & AFHE 045um filer(PVDF,

Whatman, Clifton, NJ, USA)2Z #& F RI #HZ7](830-RI,
Jasco, Japan)7} &l HPLC (PU 980, Jasco, Japan)@ +-4] OPOﬂ
ok B8 SRS fructose®t glucosed] TOB AMESigon, B
AZ+4-& carbohydrate analysis column(Waters, 3.9 x 300 mm, 10
pm, Milipore Co., USA), E4=2AL QEBLE 35C, 480

Rinus sy

acetonitrile : water(87 : 13), % 1.2 mL/min., Y H& 20 uLSch

L-Ascorbic acid

]B‘r“ C %2 L-ascorbic acidd] $H& FAste] 4314
. AlE 5¢ol 4% metaphosphoric acid £ H7Iskd &
= 75 go = AL3SIYT}. L-ascorbic acid®l &2 WHMUG7E
o]-g-3j0] 4°ColA] 2417E Feb WNFEE £ GAE-E]7](Centrikon T-
324, Italy)= 9,000 x gollA 10% B¢ Rt 2 4
ZNG 045 ul filter(PVDF, Whatman, Clifion, NJ, USA)E. o3}
8l & At vl 8|4 ske] HPLCO FYdrich 441 AL
L% 792 YMC-Pack Polyamine 1l column(4.6 x 250 mm, Japan),
& acetonitrile: 50 mM NH,H,PO,(70:30, v/v), #< 1.0mL/
min,, B 254 nm, LELE 40°C, FUFE 20 Lk,

SHEN
A
A o] &¥ AR 33 o) vk g%l URFHS V)
o= BAL s, A¥dste] FAMEE SAS program
Al

Duncan’s multiple range test2 33T

EZ 4 4= wWE sy N
ASTA A7k} CIE Lab values: 44
SR213, 2003%= w3hel A= T2 Az ﬁi R 9.71
£157% 2 B0 o]8H HE AR & o] 11% ©)
o] oz FMFAUCE 78 AEE A Ao m} %*é
5B wofste] Aol whah A4z, Ega, s
F, SR2112 63.0+3.60%, 13.0+4.38%, 23.0% 1.26%, SR213
5544+ 18.51%, 16.18 +10.86%, 284+ 11.92%%2 FE o0]§5]
Aol =Asly) oF 85%2 EA =9l
UAIFEHE TF(SR211 vs. SR213, 20035 72h9] Aadghs
F2, SA9AY, AuxER B8kl Blwst A3Fig. 1),

o
&
K
B
T
g
&

(vS)

m



e w7 = P~ - = & E
U 81 o] Sl Al 89le] nhe ke S 617
256 300
- G : ()
FHT M
200 4 250 + | g r ;
5 I |
Pl
o
= 200 4
150 4 E’
< £
§ jé 150 +
100 g
3 100+
o
ji]
Q
50 4 "
0 - - 4 .
GC211 GC213  GJ211 GJ213 BTz PT23 GC213 G421 G213 PT2H1 PTIRR
20 e
P —
fiowacs I
L@m R
el
2
— o
£ E
5 5
S S
=1 & 104
B 2
3 2
w 3
<
54
qi
el

Ge211 GC213 GJ211 GJ213 PT211 PT213

GC21t GC213 Gyt GJ213 PT211 PT213

Fig. 1. Comparison of ASTA color values (a), capsaicinoids (b), free sugars (c), and L-ascorbic acids contents (d) of two varieties (SR211
vs. SR213 harvested in 2003) in the difference of the degree of ripening and harvesting areas.
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of Wl A4 kel felHow mE ﬁ&% L}Ebagui(pw.os,
Table 1), GC A <dellA] AJ4bE SR2139) 749~ ZAke] ASTA
kel 2282 JBY =7 BAEEY ole 58YL e

B ol & f%é 1TH17). AGE B 4]
Hlal GC RA|4dellA] 3kt
7t 2 ERITHp < 0.05, Table 1).
ASTA *ﬁ“é}‘{&L ;}704 -l lﬁﬂ% FEo) whiE G xfolrt
=39 NuMex R Naky2} New

Mexico 6-4EFL FIAEE E578kd 2 ASTA color 3%
=3¢k A3k NuMex R Naky F%2 94.83~138.33, New Mex-
ico 6-4F5& B

2.2 120.67~178.509] ZHe 7= Row BT
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Table 1. Statistical differences of chemical components between two varieties and among harvesting areas of peppers harvested in 2003

. Mean Mean
Chemical components F value F value
SR211 SR213 GC GJ PT
ASTA color value 52.66 86.94° 5.74% 78.52° 63.58" 67.31° 0.16
Capsaicinoids (mg/ 100g d.w.) 174.63° 1.38° 85. 71 #H* 64.30° 112.97 86.75° 2.28
Free sugar (% d.w.) 12.94¢ 16.32 2.47 15.55¢ 1137 16.97 33
L-ascorbic acid (mg/ g d.w.) 9.740° 6.096° 10.40% 6.76" 841° 8.54° 1.24

*1<0.035, *¥**p <0.001

Means with different letters within the same columns significantly different at p <0.05.
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Table 2. Comparison of CIE lab color values of single-harvested peppers (SR211 vs. SR213) harvested in Gochang (GC), Gyeonguu

(GJ), and PyeongTaek (PT) at 2003

Surface color of

sample L* a* b* C* AE*
peppers
RED GC211 47.41 42.47 48.63 64.56
GJ211 53.49 40.64 50.75 65.02
PT211 48.88 39.52 46.54 61.06
GC213 45.59 38.87 4742 61.32 421
GJ213 54.97 40.18 53.51 66.92 3.17
PT213 47.86 41.65 50.77 65.67 4.84
MIX GC211 56.64 31.95 51.36 60.49
GJ211 57.61 25.18 50.70 56.601
PT211 53.30 30.10 49.95 58.32
GC213 53.69 27.11 49.58 56.51 5.94
GJ213 55.93 24 .45 49.59 55.29 2.13
PT213 56.49 2791 52.88 59.79 4.85
GREEN GC211 62.75 -4.85 38.51 38.81
GJ211 59.67 -7.30 3748 38.19
PT211 62.09 -6.31 39.67 40.17
GC213 62.08 -1.75 33.90 33.95 5.60
GJ213 63.87 -1.81 34.84 34.89 7.40
PT213 64.50 -4.69 35.82 36.13 4.82
Cr=dJ(a%) + (b)) AE* = W(Aa*)" + (Ab*) + (AL¥)”.

Cr b Aabe] E8 (satration), &, 440 A Amg 9 mEH, A7 GG Aujste] S FA FF9
mleke FHo® A1) a*e} bAgrell ofdl] Albd R G5 A ] 5kS ulmst Azh, SARGA ALkE 2159) capsaicinoids
o) AWEs Awehsul % wolth17,19), Bkl A FPo] B A0E BT (17) Choi B21)% ATFOIAE
Aol daglol 600149 & e B ole A 1 A, 98, & A9 capsaicinoidsTEFE T G, <t A
FATET] Ok = 2o oF 45 ARR Ve H8 5 73w AYelal AE 759 capsaicinoidsTHEe] W L
H()FHE F FF BT A ESeo ofe 22 1S o Ehte Ak Baslgrh. 2ol Shind Lee(22)9] Aolxe
At FUAolM AA4HE SR2113 SR2139] A zte] A =) Ao oot Yo ZR et AXE AAE B
O(AE®Ye GCAIY F3= 421, GI A9 3.17, PTRY 4.84¢] ko et thA Abibe e RSSO capsaicinoids HES &
2 @A alelg Bt &, dAFE 732 SR2117 SR213 A FEolgT= AR AA, 37A aglel) s & 9
of Az ASTAM G avghs vnd o Z83e 75 & e e A IR1E £ g
FRoh A4 dhgko] ufg Hom Make] Mue o] o} a0 Capsaicinoidss 72l Wl v &5ta Axol xo]& Helrt.
A FFoEAN B4 WS- 2 o Z eyt Capsaicinoidse= -2l W} capsaicin, dihydrocapsaicin, norhydro-

capsaicin, homocapsaicin, homodihydrocapsaicin ©] WiEZ o™ uj
Capsaicinoids 2ake]l ZFEE capsaicing 71502 H|WE uf 100, 63, 11, 5, 3

AmAgEe] S SR2113F SR213 ARelo] 313k AolE B o Arg zhetiie). wEbA it kel afj@ub xleole

Htl(Table 1, Fig. 1). SR2112] A3 33} =M309) capsai- capsicum 9] capsaicinoids g Zfolol ulE 7rime} Zpo]iERt
cinoids & &2 ZH7} 17489+ 71.60 mg/100 g, 157.00+37.12 mg/ ol A I ujgo) Aol AHAde] =& AoT AFFTh
100 g, 192.01+69.64 mg/100 g2 wj-2ub ko] wj$- &4 AH o2 At T3 Capsicum anmunre o] w)-28L 242
ERgtT), HHH SR213 FE-S capsaicinoids T#0] <5 mg/100 g2 capsaicin?} dihydrocapsaicin®] 2 JESZ AW A Zpojo
g g pRo 2 BMEG Y A 4k 1F 475 2 capsaicin?} dihydrocapsaicin®] 2APIE 248 23} Fig. 2
9] capsaicinoids 24 A3, 10.54~250.87 mg/100 g ] & zhorm 9} 7ol «Ad AL AlEglol GCYE PTAG A e 1Fd:e
HHihe 7320+ 5807 mg/100 g2 2 47EF 5 85%<]A0] 100 capsaicin} dihydrocapsaicin®] Hj&©] 2F 55% U] 45%01 FFO
mg/100 g ©18kY capsaicinoids TH-S 2= Zﬂii HA3FA(17) 2 gAEITE et GJ JAGoa] Ak 25 9F 49%: 51%
2 Aol SR211E vl 73t o} 29k SR213E w¢- <kt uj o] $&° 2 dihydrocapsaicin®] Hj&o] Tht &2 Ao2 245
b e 548 U Zles AEQ ATt o] capsaicinoids Fio] FAbettiEtE wignba Zpmel

Aol BAS duEy sAuAel gagle] pTAY 139 zfolg frdsle adlo® vHY 5 gtk
capsaicinoids &%°] GC, GJ A9 BT} v &k sheke] tha ¥
ow E5] maimo] capsaicinoids SHE-S 269.62 + 10.16 mg/ S2|22}t L-ascorbic acid
100602 Wj& & S0l thFig. Ib). e SEe AN, Bga AN 2R 45 SR

Aqe BAel uhE 2139] capsaicinoids el tidl Aol FEE 15994 6.60%, 14.85+7.18%, 8.03+3. 77%, SR213 &%
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Fig. 2. Ratios of capsaicin (CAP) and dihydrocapsaicin (DHC) of
green, mixed and red pepper (SR211 variety) harvested in PT,
GJ, and GC areas at 2003.

L 2144+1.76%, 1943+£2.5%, 8.10+2.83% 02 E4yje] &
zE E»LF A Aol AT 10 % vl fEld EEE B9
ot sdo] FEHA Fel g A Tt e 2
SAthFig. 1c). SR2113} SR213¢} F2 S Aol A3
$ol SR2130] Uk =7 YoV BAH R fo)HQ Fo
E HolX|E ¥gkon Ao vlaelMm EZol Aatgiol PTO
A AR TFe) Kl ol tha mghon fejAel Aol
£ HolA& 9dthp>0.05). 2y, 25 Ale) A es oy
5t vl oM Gl AAME SR211 EEe] feld o] &

ﬁ

HOZ e gkl Holi= Zlo® e tHp <0.05, Table 1).
L-ascorbic acid &ge- SRZHO] 719 A E8tal =l
o ¥ Z+ZF 11414049 mg/g, 11.04+ 1.18 mg/g, 6.71+ 1.13 mg/g,
SR213L 747+299 mg/e, 716i,>.l4mgg, 366+2.82 mg/gl &
MEL(Fig. 1d) SR211€] L-ascorbic acid $Fgo] SR213XT}
Ho2 =A e Thp <0.05, Table 1). A H]wo)AE=
GJ2} PT A9} 129] L-ascorbic acid &&Fo] thh mgtor &
AFo® foAelAle o Zow UeRthp > 0.05). AF4E

5’:123)03]*1‘:* AZFF B 3%F2] ascorbic acid $FH-S 26m

:[o HE

2 ,
18l Qe 5 Aeld] 2AlE Ael vje 2 o]

FAolA ascorbic acid®] TFE <ldh zpolg Al@ETh dlx) 3l
1ol A %éljc olgEE AF Ax WAE BASE Lol G
M7 AF3F7] W Rl ascorbic acid®] ¥ -8o] m| =Tl

Howald 7(24)3 Az &<QF XA ascorbic acid®] 75%7} 1] &
o] 12.0-44.4 mg/100 g0l & Zh= 3102 B8l o Markus
S25%= el Al 7kl 10080 ©]Ake) ascorbic acid g 7F
]“4 1 ol fr‘é A7 1 o 7hg el 2%k mha gl A

B O]_Oﬂq }\ o 2 } =
ascorbic acid ﬂﬁ@] EvE gER €% AxE 49 3.05+
mg/100 g, kst Hxe 4 4

S 1241421 gol e
AR L] whE b“*ﬁ} gde] Aozt wAlE = Slvke 43

S HAE vk 2lth2e6).

KEHALZ (O [ SlaiE 4 s

SR2113 SR213& 2003, 20044, 200597k 333 S¢b ey,

o) A 2210 w2 sjeke 54 619

{a) ASTA color value
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Fig. 3. Changes of ASTA color values (a), capsaicinoids (b), and
free sugars (c) of SR211 and SR213 peppers by the difference of
harvesting times.

B

Zrabato] 3o T FE A RS capsaicinoids, ASTA AJgk
£ Rueste] BlaskgivhFig 3). 2 A7t

I = = a2
ASTA Aabzhe e Al7lollA] SR213¢] SR2ITETE fold o
=o 7kS zh= Zlo R UERITHp <0.035). AH77E ] A5E
B 5 EE g gkl 27 43S Bolo) Y FFOIA
A we] e FoF 2ojg HojAs 4 AR Ukt
THp > 0.05).

Capsaicinoids - SR211 F%-& 200341 %, 20045, 2005
A% Zhzk Ao A 192.0, 322.3, 256.2 mg/100 g, Z Aol A
174.8, 283.7, 192.0 mg/100 g&] wi¢- =& ks 2he Zlos &
AEgom =3 20040 =0 HA e Al 2 250 mg/100
go] B> =& capsaicinoids TS Zhe HA4E HATh ¥

F2o 200498 HAFTT 270 mg/100 g2 TS Zh=
o7 2AFE AL AYsiie T 6me/100g Hlvke] v B
Fhere] capsaicinoids & -3 R o2 B o] & EE0
]S Wl

e ghEe SR211E SR2138) FE el frel el gkl

Aojsr wolA B 2o® YERITHp>005). feld $Ee =
wp ok QA Ee e 2t 02 ENEAT A
aldo] o)eh ghak Waly)l o] Hel 2ol 1 Itkp < 0.05)
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