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ABSTRACT

Characteristics of General Chemical Properties and
Flavor Components in Capsicum annuum Sp. Red
Peppers

Jeon, Sam-Nyeo
Advisor : Prof. Kim, Kyong-Su, Ph.D.
Department of Food and Nutrition

Graduate School of Chosun University

Red pepper has been used as the one of the most famous spices in Korean
foods. In this study, we investigated the theoretical approach and analyzed not
only the proximate compositions but also the flavor components with respect to
cultivar variety, which are capsaicinoid, carotenoid, volatile flavor compounds,

and so on.

Red pepper in Korean food culture  Most cultivated pepper variety in Korea
1s Capsicum annuum, and red pepper consumption amounts per person is very
high as 2 kg. Characteristic compounds of Capsicum are capsaicin (smell of

pungency) and capsanthin (red color), and the content of vitamin C is also high.

Classification of Capsicum cultivar Major Capsicum cultivars included C.
annuum, Capsicum baccatum, Capsicum chinense, Capsicum frutescens and
Capsicum pubescens, and among them, C annuum is cultivated most highly.
Various cultivars such as bell pepper and jalapeno, are included in C. annuum,

and ’'aji’ is representative of C. baccatum which has been originated from

- xii -



Bolivia. C. chinense 1s most hot cultivar as ’'habanero’, and ’'tabasco’ is
representative of C. frutescens. C. pubescens, representative as ‘Tocoto), is

cultivated in the small amount.

Proximate and fatty acids composition Paprikas and improved green pepper
had higher moisture content, and ash, crude protein and crude lipid were detected
at lower concentration compared to red pepper and chilies. The fatty acids in
Capsicum sp. were consisted of lauric acid, myristic acid, palmitic acid, stearic
acid, oleic acid, linoleic acid and linolenic acid. Oleic acid and linoleic acid were

the major fatty acids in Capsaicum sp..

Anti-oxidant compounds Total flavonoid content ranged from 21.7 to 170
mg/100 g, and it confirmed a high content from the red hot pepper and mexican
chili. The contents of flavonoid in improved green pepper and paprika were 21.7
and 56.4 mg/100 g, respectively, and the contents of flavonoid in paprika were
not different among the different color.

Total phenolic compound content ranged from 80 to 263 mg/100 g, and it was
confirmed high contents in the hot red pepper and the red and the yellow
paprikas. Green color fruits, such as improved green pepper and green paprikahad
lower contents of 80 and 95 mg/100 g, respectively.

Vitamin C were detected at the high contents in paprika and improved green
pepper. However, red color peppers such as chili and hot red pepper, had low

contents ranging from 2 to 17 mg/100 g.

Flavor compounds The free sugar contents were high in the all paprika
samples. It was confirmed that the red paprika had the highest sugar content of
54.03%, and chilies are lowest. Proline, alanine, serine and arginine were major
amino acids in Capsicum sp., and essential amino acid content was the highest
in paprika.

The total carotenoid contents were 250 mg/100 g in red pepper, 239 mg/100 g
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in chinese chili, 172 mg/100 g in mexican chili, 135 mg/100 g in hot red pepper,
59 mg/100 g in red paprika, 47 mg/100 g in improved green pepper, 35 mg/100 g
in yellow paprika, and 31 mg/100 g in green paprika, respectively. Red pepper
and chili have also high ASTA color value showing the reddest.

Capsaicin and dihidrocapsaicin which were pungenct compounds in Capsicum
sp. were detected in all sample, except paprika. The ceoncentration of capsaicin
was the highest level (72.68 mg/100 g) in hot red pepper, and dihydrocapsicin
was the highest concentration in chilies. SHU values, showing hot taste, was
the highest in chilies.

Total volatile flavor compounds ranged from 174.4 to 1837.79 mg/kg. Esters
and terpenoids were detected as the major compounds, and pyrazines and nitro
compounds were also detected indicating the characteristic compounds. The flavor
character of green paprika and improved green pepper had high content of

nonanoic acid, that was concerned with the grassy odor.
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Table 1. Comparison of ‘Pimento’ and ‘Paprika’

s 9 b 3} = g 7}
i Capsicum annuum L. Capsicum annuum L.
A sweet pepper or bell pepper sweet pepper or bell pepper
A7y u g gz WA B9, A

3} 8 7 SRR A, A, oA
I35 40~100g 120~220g

A\l 7] 7F 3~4704 1070€

53] 7] A7) E F 302) 2471 (N E F 602)
FaF ol o] 4, e, #71, 29gE

e WEF A, FI, AT, AR 5 obAokEARA AAA Hof e5de 13
7 E ik

Aubd o g 3= AA Capsicum annuum, Capsicum frutescens, Capsicum
chinense, Capsicum pubescens 2 Capsicum baccatum S THA FOo & Uy wH,
Capsicum chinense?t 7Fd vl Folth olF 7l &3] ¢ Jdv AYHi1FES
7}7y F5eto] B A o] K (cayenne), EFY x(jalapefio)= Capsicum annuum, EFB}
2 FH(tabasco)= Capsicum frutescens, dFHFY]Z (habanero)= Capsicum chinense,

2 FE (rocoto)= Capsicum pubescens “L@] 1l o}3|(aji)x= Capsicum baccatum®l] <
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IF= A &t FAFEZR AUAPAAE gdA, 2diA A E 1dAQd
3 Aol dA Syt A A= = 3155 Capsicum annuum LU=
Ao AE Fo]l BE ¥ ooy W2 AwiEAd S st vk el 9l ‘red

pepper' == FHWA7F 1493 155 AvQIe R H T FF9 ekl WY
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kA o &2 AMEEE chilll =% chilis @Az Fdobw g7} Nahqutle] Qlti<d
WAowRy 2 Zolu. wzmoMs G chilist 2] o] chilert
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A gFEAely w@nto] Q= AMUFE oudts 2F o E ol om vk Ao
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ol22 Y7teloll M= paprika® ©]Fo] HHH AT

3o &9l Capsicume ZTep~o] 257 F32} Josseph Pitton de Tournefort
7F 17199 A5 7Isstdn. FAE AL e aLF AR Kol Aol Ml
stthal sto] A E= $AE sk o] Capsicone 2H-EH Fdid AolThal
shot, th2 SO A= 2 2oloA U "ol YPEr'E st Kaptein E
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< red carotenoid®]™ red carotenoid®l = capsanthin¥} capsorubin®] &8 %A
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Table 2. Cultivation and production of red pepper

A 33 EEE
BEEwa gww ogad oWy Auw g
) /D 1) (WD ()
2000 74,471 193,786 10,439 5,699 197,512 4,665
2001 70,736 180,120 11,836 5,517 231,630 6,003
2002 72,104 192,753 9,043 4,620 188,403 4,517
2003 57,502 132,010 8,164 5,334 218,088 5,436
2004 61,894 154,962 9,535 6,485 295,319 4,369
2005 61,229 161,380 8,606 5,213 220,161 2,882
2006 53,097 116,915 - 5,606 236,052 -

_12_
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T e] AFF FE2 2000 8% 29 Eol A wid Frbeke] 200610l 1RE 7
=, 55 Eof ol=
_?__

a =
U 71EF 7bEES 10% Wl AAskal JtH(Table 3). 78 T2 &

o] A ,
2 &% 3 Ut (Table 4)
9 TS AmEd 2000d 64 39 Eo] 9w olF ujd Frista o

53] #H 5ol WEaFe U SUFREA A 90%AA) 20061 A &
Z

doFe) 2 A2t 109 49 =, 63 vE =l ol2a vk (Table 5-6). U2 98%7F
H =

THORERY o]FolA L i, dF It HEY diE =7 AE A% T 209 7
oAl FYgE L Atk (Table 7).
Table 3. Exports of peppers

(49 - B A1$)

axd 2000 2001 2002 2003 2004 2005 2006

17,107 18769 20,608 16,712

= FE) 8,202 14,447 14,437
(7,607) (2,749 (2,763)  (2,109)

49570 54,452 63530 54,652

szol(A$) 20673 40257 35785
e (25309) (11,050) (103%5) (8.919)

\

2006, 5 AFE B 200397 H () FAE Garne AT aF FEY

_13_



Table 4. Status of export to other countries (2006)

= 7Hd FHHS) AFE%) EFHE) HHE%)
AR 51,628 94.6 15,703 94.0
oj 833 15 278 1.7
m] = 751 1.4 230 14
Q= Ao} 625 1.1 238 14
7 204 0.4 77 0.5
7)ok 196 0.4 44 0.3
= 9% 0.2 46 0.3
Efj =7 59 0.1 24 0.1
q7tEE 47 0.1 17 0.1
2] Ao} 35 0.1 15 0.1
By 31 0.1 8 0.1
& A 54,505 100 16,680 100

Table 5. Import of peppers
(&9 &

P

$)

’

axd 2000 2001 2002 2003 2004 2005 2006

= (=) 6,345 9,006 7,848 61,305 92,639 83,126 104,358

FEAH$) 10815 14361 12,603 40,061 64,947 51,597 60,081

2006, A= #E A

_14_



Table 6. Status of import per item (2005-2006)

(49 & A$)
200549 12¢ 2006 12¢
E 9
= = = =
_ 10 43 15 48
o} =
ST (0.0) (0.0) (0.0) 0.1)
. 35 34 13 6
ZIEHFT) (0.0) (0.0) (0.0) 0.1)
- 72,713 33,421 95,656 43 118
= =2 (] ’ y ’ ’
AFFHE) (875) 64.7) (91.2) (71.7)
Azx/94d == 8932 15,264 8,519 15,369
A @22 A (10.7) (29.6) (8.1 (25.6)
Azx/9Ad == 1,444 2,877 655 1,540
s A a.7n (5.6) (0.6) (2.6)
3 7 83,136 51,641 104,858 60,081
(100) (100) (100) (100)
Table 7. Status of import to other countries (20064)
ERAR: FI9FH$) AH&(%) EF(E) AH&(%)
= 58,612 97.7 102,515 979
WEW 1,093 1.9 2,199 2.1
SIRCh 131 0.2 25 0
Q- Z | 7] A~k 90 0.1 47 0
Efj = 46 0.1 20 0
o] ~ ¢}l 26 0 8 0
Ll 20 0 3 0
ol % 14 0 7 0
=gk d) Al 11 0 6 0
g A 60,042 100 104,830 100

_15_



6. =9 AL TF

Shd ANESS AMEY aF AU AnFs AEst AA e A77%R
Mg Wi, thgol oEevlel, wEedAl, vgke B9 fo]th(Table 8). FiFi
Fao] WA AuAAL 356%5 AAst] JF wa thgo] Lol WA,
GolAele} ol F1F wi grh(Table 9).

A AiEs JAx7t 7P Bol dA Y 425%E AHAstal i oo T
9.3%, Waetd Al 7.2%<o]li(Table 8), ¥£ilF+ S = o] 505%E #A| et 7H &
i, ool §7] 7.0%, WAl 6.5%s o] tH(Table 9).

Table 8. Dried red pepper production of countries (2005)

=7 Aitey og/he) pyd
A& 940 (47.7) 1,170 1,100 (42.5)
ol E] & 3] o} 290 (14.7) 400 116 (4.5)
w22k Al 155 (7.9) 1,199 185 (7.2)
u] Qkmf 108 (5.5) 648 70 (2.7)
v} 7] 2~ g 65 (3.3) 1,199 123 (4.7)
o] E 1t 51 (2.6) 1,369 78 (3.0)
= 37 (1.9) 6,575 240 (9.3)
Lol A g o} 31 (1.5) 1,032 47 (1.8)
Fuiy o} 30 (1.5) 7,500 30 (1.2)
Bl =7 25 (1.3) 1,032 39 (1.5)
¥ 21 (1.2) 1,076 162 (6.2)
vl 2 18 (0.9) 800 14 (05)
A 1,972 (100) - 2,590 (100)

2006, FAO SAAE
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Table 9. Green pepper production of countries (2005)

27 A ol 7 A lia Ak
(Hha) (kg/ha) (HE)
= 613 (35.6) 20,448 12,531 (50.5)
Q= Al o} 174 (10.1) 50,11 871 (3.5)
LR 92 (5.4) 17,542 1,617 (6.5)
Lol #] g o} 91 (5.3) 7912 720 (2.9)
E]7] 88 (5.1) 19,829 1,745 (7.0)
o ] 9 3 o} 82 (4.7) 969 79 (0.3)
7 75 (4.4) 3,600 270 (1.1)
3=t 70 (4.1) 6,000 420 (1.7)
n = 36 (2.1) 24,617 893 (3.6)
ol JE 29 (1.7) 15,862 460 (1.9)
299l 24 (1.4) 44,472 1,045 (4.2)
A 1,720 (100) - 24,3859 (100)

_17_
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AFE HAH &3k AEE uA WA s tdA, 2R A s dd Aol
AAgoz 714 wol AulEE C annuum, IS

C. baccatum, "X 51 stupd] =} v o] 7}
27 A B e 7 wfe 13F7F %38 C chinense, SHH|Z 'rocoto'S 9E O
2 3t 3= C pubescens, " EfRbA=IE R EE C frutescens©lth. F&

ANl 5F 6] 5748 Table 103 2t}

Table 10. Characteristics of Capsicum species

Species Characters
o 3N
Capsicum annuum o X I wiy o 17, ek dlFE sako| vt
var. annuum L. A T A

. o I . Zo] Al = A=A HIUZE 71z 3] A
Capsicum baccatum o | 2 = R -]E i ey
dulum Wild o HAF vy 12, WS BT e T
r. ild. _
var. pendulum o EA}: WZaT A
o I 3N
. . o AT wit]  3~57o]H, WL 5}k
Capsicum chinense Jacq. o T wdkAo]a g o] E2o| 9o
o I Fubzlo] HAH R o] =53}
o 3 gEo] 9lom I = A=A
Capsicum frutescens L. o ZA5F . 243 7k, vl & 270, W A4
o T2 FEOl flaL =T
o I 7|Ho IAME Fhxl HopA
Capsicum pubescens o FEXF ! omiy] o 1~27), WS J3 & ke
Ruiz and Pav. o TX 1 HAM FFo] A FojA A&
o Z7]|9 Qo Heo| "RV} olF =&

_18_



7}. Capsicum annuum

Fig. 1. Flower and fruits of Capsicum annuum.

Capsicum annuum-= A ZA A BA HQS o=z FHHH FHHXA o]F {
H, obZ g7}, ofAlo} Fow HutEo] ZpA oA W2 Fo] wEHAN M HE
Aol A A glom, AR fevetel A AuE L e Ao BRE ALFE o
7o &3tk WA ke T FoAEE ] jalapeno’ol ©|Z27|7kA o 7}A 1L

FEo| C annuumo) &3kt @ad e u)g mlo] A& EFL& w29 california

(2

wonder, ancho, 1%=9] simla, kashimiri, & 7}2]2] paprika, 223 ¢1¢] pimiento & ©]
A, wl¥ F2 var9 coral gem cayenne, louisiana sport, ¢1%=9] sannam, jwala,
WAl F 9] jalapeno, chilitepins, ¥ hontaka, A2 funtua, ©FZz]7}e] sierra

leone &3 ¢-uete] AF o 1F FEo] HIHh

ZAE YRE 6 el Aol FEAL W FNI wep ] =B 1
Bk, 2e wFARFen A7 1-2 emz 23 FE 5~T/lelH 2L oy ¥ @
A7t Ak gkdel ofe] Al Eol Wi AAY wolk AL oY A9 BEH v
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Y. Capsicum baccatum

Fig. 2. Flower and fruits of Capsicum baccatum.
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2ajrer e sl gko Al gt oln, wae] Ry A= C annuumd 2o] o
2

gstrh. Aol dolE 2~14 cm, F& 1~25 cm A Eolth AL n&iyd W
A we A = HAolal Skl wi= QA A, g Ajol A A AR It T4}
= edAls W Aot

Fig. 3. Flower and fruits of Capsicum chinense.

Capsicum chinense> Gt ol g 7lol A FHASHA Auj= 2 E3F| olnlE& XY
oM 7HE dRbHow AujE = aFolvh. ofutE A AN Feel v AIA o
A AdE Aow FAYH, shejB ety WAla G EejHlolel BepAzbA] A
e ATt 5 ol A Fejd 540 7HE trdstAl dEtue gfeletu] g gtel A d
2] A Ea e Folth o] Aa HFo] FAE ol v utat ko] Zshe]
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FreE de ol g vk wiule] gk o=z deEl ¢El ‘habanero’ & °l
ofof gttt

vt & 2~5709] o] I i ISt A EAF WS Ao dAsy Agetd
Al ol &= 3 oj A shgfoltt. EAFE FAA, £2YE HAE W Mol 3 e

FUuF gl gl
S EWA I 2o HAH ot 4 &E$ HF(annular construction)
S JHAaL duk C chinense$t C frutescensES =W H93 dEE EALS
Fb et EAFoke] HA of#fel] #&¢ Fit(annular construction)®] {0l th,
A LS o7k 1~12 ceZb A vhdFetaLl, 3 S s @A AGI7EA vhdety
A e vt ALY FEo] Ak AL dusta, sipe] A2 tekste] A

i
REA, QWA =@ A i gAolth BaE we Aojr mepe wjat, 7}

’

>

Fig. 4. Flower and fruits of Capsicum frutescens.

o] Wolld C annuumolyt C. chinense®} W|Szdhe] o] A &t C
frutescens= "= FEFoA olZ-E YA HAE = Folr, FFH|olet 3 F 9
S Al ofmpET AME fFoo] MAXE FAEW AA ] Ao o g7l A
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= ROl A T FAMstE A Eoln. olxH o m Hgolaol A ee de] #F
sto] olmel ZEY Aol = AujET 2 F& o271 bird's eye, JF
ob71Y 9] chilli pequins, Hl=r 3} WA 9] Efuf2F o] )

GdAd@~3d)ez FAdo] g Aoty 242 50~100 cm®= C. annuum
I FAbstLE FA O] o HEEL HEAolth e W dES B olA FEAd
ol & FE BYolth 42 dol7t 12 emZ7HA F2 115 ecemZHA 2 C. annuum
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W fA7A Fol wel kst dagel Pree 244e At
u}. Capsicum pubescens

Capsicum pubescens< %ot 2|7} Stdl2 Abwio] mAX| o] F=2 A3k
b~k ) e} HEaujole] mARATI(1,500~3,000 m)E AL ThE 2 G A=
A E A e Folth xVldlE M av| g o= Aoy, AFS Ak
AGel A Aoz FEEa ol dA #HF oFAe=, HAA Fo A
A BgARER AQuE o Qo dukd oz 71# wol el 2l ELS ‘rocoto’ ©] T

A3} ZF7)o] "ol Be ZEAO #Eow xAo] 30~70 cm, AU Lol 10~

=)

15 cm, E& 4~6 cmolx, 9 EBAPor 2L wHarh 2o A4L 13~16
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Fig. 5. Flower and fruits of Capsicum pubescens
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Table 11. A lists of the genus Capsicum species

Capsicum New world distribution
annuum L. Colombia north to southern United States
baccatum L. Argentina, Bolivia, Brazil, Paraguay, Peru
buforum Hunz. Brazil
campylopodium Sendt. South Brazil
cardenasii Heiser & Smith Bolivia
chacoense Hunz. Argentina, Bolivia, Paraguay
chinense Jacq. Latin and South America
coccineum (Rusby) Hunz. Bolivia, Peru
cornutum (Hiern) Hunz. South Brazil
dimorphum (Miers) O.K. Colombia
dusenii Bitter Southeast Brazil
eximium Hunz. Argentina, Bolivia
glapagoensis Hunz. Ecuador
geminifolium (Dammer) Hunz. Colombia, Ecuador
hookerianum (Miers) O.K. Ecuador
lanceolatum (Greenm.) Morton & Standley Mexico, Guatemala,
leptopodum (Dunal) O.K. Brazil
minutiflorum (Rusby) Hunz. Argentina, Bolivia, Paraguay
mirabile Mart ex. Sendt South Brazil
parvifolium Sendt. Colombia, Northeast Brazil, Venezuela
praetermissum Heiser & Smith South Brazil
pubescens Ruiz & Pav. Latin and South America
scolnikianum Hunz. Peru
schottianum Sendt. Argentina, South Brazil, Southeast Paraguay
tovarii Eshbaugh, Smith & Nickrent Peru
villosum Sendt. South Brazil
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Fig. 6. A picture of general bell group pepper.
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1}. Tomato group

Tomato group® 422 tomatoo} "% H|S=8tH, G2t 4719 AA7ME 71R 1L

Pz
4
gtk F2 sFolt F2Y T AMAL o o gHLh

Fig. 7. A picture of general tomato group pepper.
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t}. Pimiento group
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Fig. 8. A picture of general pimiento group pepper.
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2}. Squash T+ cheese group
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Fig. 9. A picture of general squash group pepper.

_29_



v}, Anaheim chili group (Long green chili group)

HAol A 7beEw, Aol 12~20 cmo]lil & 1.8~4.3 cmo|tf. o2 A4
=

7hEol Al H F e st vsde S04 5471
A QAL ARE v WMoty F3b wl w4 & B7hA] tréksit Fo® A
zste] o] &stAY, THFE olf, MA FEEOE o]& (53] paprika)(Z Al bell
group?), FXH(FALA), & T opdeh WA gl o] &)

Fig. 10. A picture of general Anaheim chili group pepper.
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v}, Cayenne group
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Fig. 11. A picture of general cayenne group pepper.
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A}l. Ancho group

o] Za AFEolt}, Aoli= 10~15 cmo| i &8 5~75 cmeo|t}. Aol 1
2 By 352 gkom ok7k v ubo] 9t} Ancho, mexican chili, mulato”}
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Fig. 12. A picture of general ancho group pepper.
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o}. Cuban group
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Fig. 13. A picture of general cuban group pepper.
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Fig. 14. A picture of general jalapeno group pepper.
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ZF. Small hot group

©H =
+ 35|t} Fresno chili, serranot Vs34 of 3517, red chili, chili de
aebol, jalapeno chili, santaka, hontaka 5°] lomw AlXMAx A

tso] A9l g S o o] gHT

]

Fig. 15. A picture of general small hot group pepper.
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7}. Short wax group

F2e Zol7k 5-75 cmol 2 E& 25-5 cmolth, M4 HY wi Aol %
B g oA, WMo vhAth FARALS T g FhA F
A% A A Ak #A opAnd o] Fobauh AdALE, IF, AFE ko
oz o gHnt

Fig. 16. A picture of general short wax group pepper.
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E}. Long wax group

Fig. 17. A picture of general long wax group pepper.
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3}, Tabasco group
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dol7} 25~75 cmolil #2 0.6 cmolth P& Hd we= mghAo A =gk
Aol o9ls W WMoty B Jhsal Eol WEet. C frutescens
b= ob e Fom ¥9Fe wtEsd FE2 oogdHu I, Hxas

Fig. 18. A picture of general tabasco group pepper.

_38_



3}. Cherry group
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Fig. 19. A picture of general cherry group pepper.
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7F. Celestial group

o] e Fate] wuth e Ao FuE shu ow HA ol
2~5 cmz Arh AZo] o} ol @ ABAd wedelx A4 wea 13

bgd Bggon F2 Ame

Fig. 20. A picture of general celestial group pepper.
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A3 A5 R BH

Ald ddA5 R 7171

1. A=
Aol A4 ANEFDF, e T TR, QolmF P FLelsbCrA, G, HA)
AgA oA AmE 2 WAzl Fael A A% Farac

B ool A187 BE Aok S

o

AR AL, 7 AR S Y3 %
&5 A (capsaicin, dihydrocapsaicin, ascorbic acid, gallic acid, quercetin, g
—carotene)~ Sigma(USA)ol A Tttt = 2 717134 (GC/MS, HPLC)®l Ak
=i o

€3 n-pentane, diethylether, n—-hexane, acetone, methanol % acetonitrile 5 7]
£l &= Fisher Scientific(USA)o|lA HPLC grade® TQ3te] AF&3st9it)

B Ao AFE3 RE F7] 8= Wire spiral packed double distilling %3]
(Normschliff, Geratebau, Germany)ol* SH3AL, A& HAAHEE 98 Ultra
turrax(IKA  Labortechnik, Germany)$} 9A&2]7|(MF 300, Hanil Science
Industrial, Korea)& AF&3} 2™, rotary vacuum evaporator(Biichi, Switzerland)&
o]-&sto] &wjE Al AsEATE

Az AWS FE37] 98 Soxhlet FAE o] €31 3L, capsaicinoidi 2

A

capsanthin®] A% 248 93t on-line degasser’} 2| ¥l Surveyor MS pump,
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Surveyor auto-sampler, Surveyor PDA detector® T4 % HPLC (Thermo Finnigan,
USA)E ©|&3t3tt

_42_



i

o
Ton
it

o

o
Ton
il
-

uj

i
BR

i
o

KN

o]

F 7}l 5= blender=

EE

Z

.

i

—_
fie)

Al

BK

B

—_
fie)

i
-

—_
fie)

.

methyl ester ¥5% 2 (Table 12)<

uol— /1\}

Cg~Cau(Supelco)?] A

&

n—hexane®l|

_43_



Table 12. Fatty acid methyl ester standards

Fatty acid methyl esters

Octanoic acid(Cg) Methyl ester(ME)
Capric acid(Cyp) ME

Dodecanoic acid(Ciz) ME

Myristic acid(C1y) ME

Palmitic acid(Cis) ME

Stearic acid(Ciz) ME

Arachidic acid(Cy) ME

Docosanoic acid(Cz») ME

Tetracosanoic acid(Ca) ME

Palmitoleic acid(Cis:1) ME
Oleic acid(Cig1) ME
Linoleic acid(Cigz) ME
Linolenic acid(Cig3) ME
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Y. Al X "WAF methyl ester3}

o
X
i
IS
X

=

>

BN
ox

S BAE7] 9Yste] AOCSY BF3-MeOH-S ©] €3 methyl

ester3} WS o] &3}l Soxhlets o] &3l FE3 AW 25 mge AT HF
NaOH/methanol 1.5 mL<} IS(Cy1; undecanoic acid methyl

ester) 1 mLE 7P3}°:1 E&eta 100ColA 53t 7k ske] 7k aetadtt. #19 7+
tubell 2 mL BF3-methanol &g 7}stal A% 3 o
Al 100Toll A 3027F 7FE 8o methyl esterﬁ}O} 3Tk o] & 30~40TC= A3 u3
n-hexane 1 mLE 7}3}2 30% &<t aykel & =A] 23} NaCl 5 mLE 7}staz 2
AdojFdoh e #AH S wvksty] A Ny gas® A $sto] AAlednt. A o] &
n-hexanes < 7 NaSO.Z2 TS A AL o

H3t & vialo] FHsFaL, golles o Ao thA] n-hexane 1 mLE 7}3F & n-hexane

< vialdl §3ste] Ny gas 7|5 dtollA 1 mL=E 553t GC/MS &4 8kt

-
:

i
il

oS
N
o
o

i

ol

i
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o AR GC/MS 24

AFF(AREE T Wi eg oLy, olas gl vl 3%, A ady, SE)Y

274& 187 98k Shimadzurl GC/MS(QP-5050)5 AH&-sFlom, Al
79| o] &3} electron impact ionization(El) ¥H o2 sttt GC/MS 4 x=71
© jonization voltageZ 70 eVE 3} 3L, ion source temperature: 250C & &}t
w3k BAs Bxige] W(m/z)E 40~35002 ATt Capillary column<
DB-WAX(30 m x 0.25 mm id, 0.25 pm film thickness, J&W, USA)E o] &3}
o &% ZRIWLE 80ToA 230C7HA 10T /min $ 22 5-&3ta 15%83F 414
Zith.  Carrier gas®+ heliums AF&stR o™ F52 15 mL/mine® st th. Al

B 1 ulE FY&A L split ratio= 111022 3+ tH(Table 13).

A5 GC/MS EA3k Aufol A &2l4 retention time % mass spectrum} H] L}

Table 13. GC/MS conditions for fatty acid analysis

Column DB-WAX
(30 m x 0.25 mm id., 0.25 pm film thickness)
Carrier gas Helium(1.0 mL/min)
Temp. program 80C-10C/min-230C (5 min)-2C/min-250TC
Injector 250C, split ratio 1:10
Ion source & interface 250C
Ionization Electron impact ionization(EI)
Ionization voltage 70 eV
Mass range(m/z) 40~ 350
Injection volume 1 pul
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3. FAAAGE Y
7h 343 B33 E FFEH
(1) Al ge A=
% flavonoid®} % phenol &S Z=A317] Y3t TAAZR T Buss 1A=
500 mgoll 50 mLe 75% ethanole 7}3la 308 %o 283 FE39ul o=
Whatman paper® o #3stil, 75% ethanol® 50 mL7kA] &% F Sep-pak Cis
cartridge® A A|g & utz AHo| A&t}

(2) & flavonoid &% =3

% flavonoid &% =4 DavisHS W3 W 42)9] wel ethanol F+% Al

Astth BF A ko R E querceting A& T
(3) # phenold 3 E TH 3
% polyphenol % =74 Folin-Denis® W (43)o] ¢]&l v A st =,
Al& 1 mLe| Folin reagent 1 mLE 7}8}o] 3E27F g 3 10% NaxCO3 1 mLE

E@sta 147 AL A WA ske] 700 nmol A FHES 24t EEAFoR

= gallic acidE AF&3F )
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Y}, Vitamin C £4

(1) Vitamin C A% =

1 g& #H3slod 10 mL9 5% metaphosphoric aicdE 7}slar &€
o] ¥}(Whatman paper filter,
S AAFATE. Sep-Pak

=

A Ax3 AR
T YAEEE st F=(B000 rpm, 10 min, 47T),
, Sep~Pak Cig cartridge= A4 2 wuld MRS

No.4)3}ar
Cis cartridge®] methanols 10 mL A% &8+ & H.05 10 mL A% 353,
filter¥ = A A89 5mL A%E By I g8 A82 HPLC #48 93 2 A

22 AHg shsith

(2) HPLC #4

Vitamin CE #2437] 93t two pump systemoZ o]Fojx <9+ HPLC
(Thermo Finnigan, USA)°| p-Bondapak Ciz (4.6 mm id. x 250 mm, 5 ym) A9
F2sta o] AS 25 mM KHoPOs9 methanolS 97:3 (v/v)e] F-uj& = 3o

£ 10 uL ¢35t UV detector 230 nmel A
3to] vitamin CE FASITY. sA4H

T8N0 peak WH oz Fitksto] A FsAt

[e)

oz THWA AR

O
&
Mo retention time< WXL

1.0 mL/min¥]
HE=sta, 55
vitamin CE AHEAoZRE Z AS

=~

$] 9] HPLC #A1%7A2L Table 149 72t}
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Table 14. Analysis conditions of HPLC for vitamin C

Instrument

Column

Mobile phase

Flow rate

Wavelength

Analysis temperature

Injection volume

Model ; Finnigan Surveyor HPLC System
Injector ; AS3000 autosampler
Detector ; Finnigan Surveyor PDA

Integrator ; XCaliber 1.4 software for Windows

n-Bondapak Cis (250x4.6 mm, 5 um)
25 mM KH;POs,~Methanol (97:3, v/v)
1.0 mL/min

230 nm

35T

10 pL
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AAZ3I AFE 05 gol 80% ethanol 100 mLES H7Fste] 1A17F FoF wyl &
3FATE o] FEFAMS Sep-Pak Cig cartridgeS o] &3te] MAZS Fg]3}al, ethanol
A7l 8 AZRdY E=FFE 5 mL7FA A3 T 0.2 um syringe filter2 o

3}sto] HPLC 48 A5 2 313tk
Y. HPLC &4

FHFS BA387] 98] two pump systemeZ o]Fo]x ¢l HPLC(Thermo
Finnigan, USA)°l| carbohydrate analysis column(3.9 mm id. x 300 mm, Waters,
USA)S Z2slal o] 5242 80% acetonitrile® 34 1.0 mL/min®] F&o=2 24
A chart speed®} detector= ZFZ} 0.25 cm/min®} RI, A&+ 50 pL F4359 0. &
ZF TS glucose, fructose, sucrose S-S dato] AAFsE T €19 HPLC #41%

A& Table 159 7t}
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Table 15. Analysis conditions of HPLC for free sugars

Instrument

Column

Mobile phase

Flow rate

Detector

Analysis temperature

Injection volume

Model ; HP1100 HPLC system

Integrator ; HP ChemStation software 1.05

Carbohydrate analysis column(3.9 mm x 300 mm)

Acetonitrile :Distilled water (80:20, v/v)

1.0 mL/min

RI

40C

50 puL
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ofu| = A FFEE A aspartic acid, theroine, serine, glutamic acid, proline,
glycine, alanine, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine,
histidine, lysine, arginine< 2.5 umol/mL, cystine< 1.25 umol/mL<% ¥ 945 10

WL F93ke] peak WA O ofulwit ol ol Gt

U, frgobr =4t
AFAE BE 2 go 75% ethanol 20 mLE 713l 2539 EH7]2 5870 24
stol F=sklh. 1elar 70Tl A 30% &<t g7 FEs & F
300, Hanil, Korea)E ©]-&3 4000 rpm(3,000xg)o.2 AN A
Hor HhES|A el AAAE 40TAA A FF3te] 5 mL
buffer(pH 2.2)°] =<2 v 0.22 pum syringe filter
ol

& RS A=

_,4
o
B
Z,
ji
@)
=
o
jab)
t
o

e
)
&)
ot
o
b
i
2
=
-
>
T
x

<

op At BAL Apmolu| =AFEAIV(SYKAM  S433H,  Vertriebs  GmbH,

Germany) & 3t o BEXZALS Cation sepatation column LCA KO6/NA(4.6 x

250 mm)S AFE3R A, FE52 045 mL/min, ninhydrine 0.25 ml/ming Z74° =%
7

skt 919 HPLC #41 %712 Table 167 #t}
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Table 16. Analysis conditions of amino acid auto analyzer

Column

Reagent flow rate
Buffer flow rate
Reactor temperature
Reactor insert

Injection volume

LCA KO06/NA(4.6 mm id.x 250 mm)
0.25 mL/min

0.45 mL/min

130C

0.3 x 1.6 mm; length 16 m

10 uL
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3. st AE 4

7}. Capsaicinoid A &9 F&

FARNx & B A S
ol A/l 60 &3t F=, FTHES 353 * o]F tA] 0.2 um syringe filter= o] 23} %
=

Y. Capsaicinoid A& < AA

Sep—pak Cig cartridge® 5% A At Cartridge©ll

A AdEelele] =oeEs
h=

methanol, H20, acetonitrile 2% 77} 10 mL A% &# 5] conditioning *17!
DR ECN

filterd = A A89 5 mL AEE B8 1 & A5 HPLC 4<%

%,
® ARE AHg s

t}. Capsaicinnoid A &9 ¥4 ZFA FA

SigmaAlZF-E G943 capsaicin®} dihydrocapsaicine Z}zF 10~100 pg/mL3}

1~20 pg/mLe] F%X 2 capsaicinoidF+% &7l methanol¥} distilled water 3-8

wjoll & sk Abg-sk it

2. HPLC &4

Capsaicinoid &g 37 93te] two pump systemO =z o]Fo]x <=

HPLC(Thermo Finnigan, USA)°] p-Bondapak Cig(4.6 mm id. x 250, 5 ym) ZA
F2Felar o] 5 A S & methanol®} 1% acetic acid(in D.W.)E 60:40¢] FHj &=

oz ZEHAM ARE 10 pL Y38t UV detector 280

=

SNl retention time= W u3}o] capsaicinoic AE S A

capsaicinoid &S AFHozZRE ZF Al58H9 peak WHO R

=

nil)

[e)

=

3t 1.0 mL/mine
nmoll A HE3shaL, X+

S

o
i
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[-4 (

sbshe] Aakstdct $19] HPLC 4 %12 Table 179 2t)

Table 17. Analysis conditions of HPLC for capsaicinoids

Instrument

Column

Mobile phase

Flow rate

Detection wavelength

Analysis temperature

Injection volume

Model ; Finnigan Surveyor HPLC System
Injector ; AS3000 autosampler
Detector ; Finnigan Surveyor PDA

Integrator ; XCaliber 1.4 software for Windows

n-Bondapak Ciz(250x4.6 mm, 5 um)

MeOH-1% acetic acid (60:40, v/v)

1.0 mL/min

280 nm

40C

10 puL
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u}, LC/MSd| 9§ 139 +A capsaicinoid ¥4

Capsaicinoid &g E&37] 93te] two pump systemO =z o]Fo]x <=
HPLC(Thermo Finnigan, USA)°| Cadenza CD-C18 column (50 x 2 mm, 3 um)
AHS FFslal o]s/F2 methanol?} 1% acetic acidE 233t distilled water&
60:40(v/v)e] THl& = 3ol 0.2 mL/min® F&H o2 S 4353t Sample
L automatic injectorE ©]&3te] 2 plLE FUSI oM, 280 nmol A HEI G
Capsaicinoid 54< $8 LC/MS %712 2% Finnigan LCQ Deca XP™ (Thermo
Electron Corporation)ES A}-83Fe] ESI positive mode® 24134t Mass range:
m/z 50~5002.%2 AP S spray voltage, probe temperature % source
temperature= 27} +5 kV, 300 °C 23 200 °C& 43} th.

9] £ %312 Table 187 2t}
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Table 18. Analysis conditions of LC-MS/MS for capsaicinoids

HPLC Instrument

Model : Finnigan Surveyor HPLC System
Injector : AS3000 autosampler
Detector : Finnigan Surveyor PDA

Integrator : XCaliber 1.4 software for Windows

Column Cadenza CD-CI18 column (50 x 2 mm, 3 um)
Mobile phase MeOH-1% acetic acid (60:40, v/v)

Flow rate 0.2 mL/min

Injection volume 2 uL

MS Instrument

Thermo Finnigan LCQ Deca XP series o
o Positive ion mode
ESI mass selectivity detector

Mass range m/z 50 ~ 500
Spray voltage +5 kV
Probe temperature 300 °C
Source temperature 200 °C
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v}, Scoville Heat Unit (ASTA pungency units) &3

T ujEute] AEE & 93 AR mjEute] AEE YEdE HE=
o] 2% 11 9+ SHU(Scoville Heat Unit)® ZF Al89 w$ HA=ZS =AHs 3t}
HPLC=Z 32 H capsicin® dihydrocapsaicin® #< o] &3te] ol Aoz AAikst

o e

SHU = [(ppm Capsaicin) + 0.82 x (ppm Dihydrocapasicin)] x 15
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4. A E Y
2. & Carotenoid &%

7}. Carotenoid &

aFeb vzl gke] MEs YERY = carotenoid 42 Porcu 5(44)2] WHS W
A3t AT AE 1 g& #H3dte] 50 mL acetones 713 & A9 ofx

%, 13 (Whatman paper No.2)stitt. thAbel] s gk 2245 33] Rb&-3ho
33k & o]= 100 mLY n-hexanel 2 A F=3ch EAZur|o Z=F
3ol acetones 5 AlH 3 F 0.19% BHT7F H7H¥ 10% methanolic KOH 100 mL
= 7Fe 5 biolA  12A3FESE ASIAAT olE uA] SRTE A
n-hexaneZ%F 3|43 ¥ rotary vacuum evaporator(Biichi, Switzerland)®t N, gas
£ o] 839 n-hexanes A A3 acetone?} methanolol]l A &3jA]A Zzt

=
3
UV-Vis spectrometer 2 LC-MS/MS #4& 93 Al2 =2 AL&3ldt)

Y. & carotenoid9 A F

F=, AAS Mg Fo F carotenoid FHS acetone FlA Q] THAIF F
-L
1

)Xo FF =] 7]Z3ke] ISO (45) Wl wel 460 nmoll A

0,

len' =23002.% ko] thgat e 2o o) Atatgich

ool
ol
=
oy
>

ZA4srg.00,

Abs % Volume(mL) x 10"

Total carotenoid content (ng/g) =

o

F A4 x sample weight (g)
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o}, LC/MSd| 93 1139 F+A carotenoid 4

Carotenoid &S &7l $13te] two pump systeml 2 o] Folx  Ql=
HPLC(Thermo Finnigan, USA)°| Cadenza CD-C18 column (50 x 2 mm, 3 um)
APS AFetal ol acetonitrile®} methanolS 9552 Ful&= sl 1.0
mL/min® F&Fo 2 ZEHA BEA359 T Samples automatic injectorg ©]-83}¢]
2 uLE FYskior, 450 nmell M AEsksivh 919 HPLC &4 %712 Table 199t
2t

Carotenoid 54 < 98 LC/MS %72 2% Finnigan LCQ Deca XP™ (Thermo
Electron Corporation)& AF&3}e] APCI positive mode® 243} td Mass range
= m/z 50~10002.%2 AAH3H 2™ corona needle voltage, cone voltage, probe
temperature 2 source temperaturet= <412} +3.9 kV, +17 V, 300 °C z8]a 200 °C
2 11743t tH(Table 20).
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Table 19. Analysis conditions of HPLC for carotenoids

Instrument

Column

Mobile phase

Flow rate
Wavelength

Analysis temperature

Injection volume

Model : Finnigan Surveyor HPLC System
Injector : AS3000 autosampler
Detector : Finnigan Surveyor PDA

Integrator : XCaliber 1.4 software for Windows

Cadenza CD-C18 column (50 x 2 mm, 3 um)
Acetonitrile-Methanol (95 : 5, v/v)

0.2 mL/min

450 nm

30C

2 ulL

Table 20. Analysis conditions of LC/MS for carotenoids

Instrument

Thermo Finnigan LCQ Deca XP series

Positive ion mode

APCI mass selectivity detector

Mass range

Corona needle voltage
Cone voltage

Probe temperature

Source temperature

m/z 50 ~ 1000
+3.9 kV

+17 'V

300 °C

200 °C
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(1) ME2PE HE F2

ASTA color 38 ASTA-20.1 WHMU6) o2 =A&ATt AZE 100 mgS 100 mL
volumetric flaskoll %ol acetones 7tsto] FE3skal 0C, aolA 16417 &<t W
A8 Acetone FEE TS FHsto B8 AIEZ ALEAT)

(2) ASTA value S Y 93 = 3

A2t UV-Vis Spectrophotometers ©]-&3to] 460 nmolA FZ =&

[e] =3
o™ ASTA color gt ofele] A2 <& A4tstdth. I & potassium

A
ol
i

NI\
o
ol

dichromate 0.3005 g3} ammonium cobalt(ii) sulfate hexahydrate 34.960 g& 1.8M
ok =] 1,000mlZ 3k 4 S NS 1 cm, 3 460 nmol A S ske] F5F3t

Abdorbance (460 nm) x 164 x I;
ASTA value =

Sample (g)

I; : instrument correction factor
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5. A F7A

e
o
X

el wE AUy B4R FExd AW AddE A55FFNEREE
(simultaneous steam distillation and extraction, SDE, Normschliff, Germany) “*]

AN B2 AFgST A 7)Ao %S Schultz 5
X

o
Fd AEFT7SHFEEA(SDE) )N FE&

(4ne] Wl wel 7y

] T=ETO /‘]JEJ—
spiralZ =A% double distilling apparatus® A =7 3F

|
n-pentane:diethylether &
|l (11, v/v) 200 mLE Ab&38to]l st sholl A 2413F &<t =
13l n-butyl benzene 1 mge FE& A8 HI7bsAth FVAEE 7718w &
g ol 4 NaxSOs5 7te)

TS AAT ¥, Vigreux column® AA7t~E 9]
g3lo] oF 1 mL7HA F=3 Ak

Apparatus for Likens-
Nickerson simultaneous
distillation/extraction

Fig. 21. Diagram of simultaneous distillation and extraction (SDE) apparatus

according to Likens and Nickerson.
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(1) 78 A5 59

HEE 279 gl Al AW O ZMN Kovats(49)7F A erst mF-E A4 (retention
index or Kovats index, R+ Z3] &3t 7|02 3o HEE NS 540

+= chromatogramC 258 £2& 313l7] 95t A}&% parameter
24 od g -] vFFE AFe EFEY chromatogram oA 1 &2 n

5 AR b FHol yEhs 7 oo A &3k wEE AfeRRE 7

Log Vrae - Log Vrw
RL = 100 Z + 100 {

Log Vrzin - Log Ve

*RL : 3}3E 19 retention index

* Vii, Vi®, Viz @ &= 1, ©§257F 247 Z, 72+1%0 A3 4719
<

Aolol ostd, # 3 alkane® ™FH AFE column FHA, #EE B tE
chromatography 713 F3#atA 1 g3tEd 5o A= &2 9 1008 ¢ 22
szt ek n-alkane o= 4] columndl A = 3 CHu(RI=100), CoHg
(RI=200) - CpHoni2(RI=100n) 0] 2b= A 25 YEFATHAT).

HEE A RS #3517 938le] n-alkane T2 A (Clp-Cxp)e A8l o
ZAEtATE A" 5t 1 uLE gdd HA £ F7(Table 13)914 GC-MS #
A3kl GC  chromatogramol Al 8el¥®l n-alkane X &% 49 5 ARk
(retention time, RT)< ©]-&3ske] 2t ¥

A 7S tdste] 7} peake] RIE 4~ #H3)

Hﬂ

asic programol] #A1¥ Z} peake WF-E

2 o
£



(2) 3 FrEE9 &

5

GC/MSoll 9]3] Total ionization chromatogram(TIC)ol| +2] ¥ 7 peake] A&
A& mass spectrum library(NIST 12, NIST 62, WILEY 139 ¢ WILEY 7)¢}
mass spectral data book?] spectrum(50,51)32] UXx = GC-FID #Ald o3t
retention index®} &S] retention index(52,53)¢te] U P FFEH] B

datag H|aLsto] glak3]tt.
(3) A FAHAEY AF

TAE 3 FHEY AUd AFS Hstd UE xsEEd=E A
n-butylbenzene® 7} 33%E 9 peak areas H|uste] AEEC] HFS AAEA

.

C x 1000

Component content (mg/kg of samples) = A =B

* A Z} sample°l 4] butylbenzene(1.S.)2] peak area

B A5 Ug)

*« C : ZF sampleol ] 2+ A E2] peak area
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Capsicum sp.

- Dried peppers

BLENDING

- Add 1000 mL of Milli Q water
- Adjusted to pH 6.5 with 1 N NaOH
- Add n-butylbenzene 1 mg as LS.

SDE

- By solvent mixture of n-pentane/diethylether (1:1,v/v) 200
mL, for 2 hr

DEHYDROGENATION

- Adding anhydrous Na»SQy for overnight
- Filtration

CONCENTRATION

- Concentrate to 1 mL by Vigreux column and N2

GC-FID & GC/MS

Fig. 22. Analysis of volatile flavor components from pepper.
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Table 21. Proximate composition of peppers

(unit: g/100 g)

Crude lipid Crude protein

Ash

Moisture

ompositions

Cultivar

1.45
+0.04

0.66
+0.05

0.82

+0.03

86.65

+0.25

Red pepper

1.35
+0.02

0.28
+0.02

091

+0.04

85.92

+0.32

Hot red pepper

0.55
+0.03

0.14
+0.01

0.41

+0.02

92.81

+0.17

Improved green pepper

Data are expressed as means * standard deviation (n = 3).
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grzelgke] T ARAARES EA487] flste] H] JHA R RS A7
3= Table 229F 2},

T o] 93.4~955%, 3% 0.4~0.5%, =AW 0.03~0.45% 183 ek do] 1.0~
1.4% 2 YERET 7, 3w 2 2awde FHE Z 3 AolE YEhA &%k
oy, AW B¢ ta zolE Bruulo] Ao A A g atel vl
skol 0.03%¢] ¢ A& FRFoR SAHAY. AFAAREEN et FREEE

85 A3 955%, A 91.8% 13 FAMF 931%E 2 ATATe FASA

o, FEFFE A 04%, A 05% el FAT 04%2 B AFATe}

TE5s gt w zdwdel gk Al HA3 1.0%, A4 1.5% 18

gAY 13%2 2 AFATet XS st 18y 2N AN E AFE

AEZAN 01~08% 7M4 Exdts Aow nudu oy B Apdao = 0.0
]

0

3~045%% v & A (B4 ATl Il pEZE kel ANk
of Wal & 89.83~90.92%, 3% 091~1.12%, AW 0.32~0.34%, =g
8~142%%= Hiudte] AW TS Aejsta BT 2 Ao Adet fAskAh

Table 22. Proximate composition of paprika

(unit: g/100 g)

Compositions . . . .
. Moisture Ash Crude lipid Crude protein
Cultivar
) 92.45 0.46 0.45 0.83
Yellow paprika
+0.17 +0.02 +0.04 +0.02
) 94.34 0.41 0.03 0.52
Green paprika
+0.06 +0.01 +0.01 +0.03
) 92.49 0.37 0.33 0.75
Red paprika
£0.12 +0.01 +0.02 +0.03

Data are expressed as means * standard deviation (n = 3).
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Table 23. Proximate composition of chili

(unit: g/100 g)

Crude lipid Crude protein

Ash

Compositions

Moisture

Origin

0.82 0.64 1.38
+0.12

+0.07

88.49

China

+0.02

+0.23

1.39 1.82 1.74
+0.04

+0.01

77.24

Mexico

+0.04

+1.03

Data are expressed as means * standard deviation (n = 3).
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gtolslz] €ste] A WHAF methyl ester 55 =29 AL GC/MS 4311,
o]59] total ion chromatogram< Fig. 239 Yelon, ZFEd3 A5

retention time ¥ mass spectrum< B nl3te] z}zheo] A HbAS EFQl sk
TC=110 ]
L ' L 7 ragfcie 2
Cico iy )'I.'j i
- , (130 .
| [jcos Crcz!
| 026
1] | A ) i |J
a |

10

GC/MS: Shimadzu GC/MS QP-5000; Column: DB-Wax(30 x 0.25 mm id., 0.25 um film thickness,
J&W); Oven Program: 80C to 230C at 10C/min (hold 5min) to 250C at 2C/min (hold 10 min);
Carrier gas: He, 1.0 mL/min; Inj. temp.: 2507C; Det. temp.: 250C; Mass range: 40~350 m/z

Fig. 23. GC/MS chromatogram of fatty acid methyl ester standards.

_71_



At uF T WAl 24 A= Table 249 Fig. 240 YeERA Y dnkg
F, ST aFE U Qo] uFe] A HFAERE palmitic acid(Cigo), stearic acid(Ciso), oleic
acid(Cig1), linoleic acid(Cigz) ® linolenic acid(Cigz)®E TAEH AR oW BE A8
o A oleic acid®} linoleic acid’7} &< st o s E¥EF1 S st &
o] FA A WakEo] olE AHbo R o]Fojx] glom o] AFAT|E Hol thE 4
EFEY vlaste] 53] woll g Aol HS gl Ao=E YEyTh

HEE 3130 4 = palmitic acid, oleic acid, linoleic acid % linolenic acid”} Z}7¢

2

44 123 209%%2 e o AWdtow #lo] Fglom, wiegal

ZFol| A += palmitic acid, oleic acid % linolenic acid’} Z}2} 22.1, 20.1 18] 1 35.5%
2 o]Eo] F8 AHto g 3Fely ). 2.0l Fo| A= oleic acid®} linoleic acid”}
7y7¥39.4, 26.9% =2 ToAWAEA-S gl Atk

L olgtarE AR FoA WS v ek A i
= AF A= linoleic acid®] FAH|7F =& Zo] &
Jo 7 ol UukZ 3¢ v udte] palmitic acid®} oleic acidd] 3 A
T Uetsth olaFoAs dukgaus 9 o3

Aol oW oleic acid9F
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Table 24. Fatty acid composition of peppers
(Unit: g/100 g)

Improved green

Fatty acid Red pepper Hot red pepper pepper
C16:0 23.5 22.1 16.9
C18:0 10.7 7.8 16.9
C181 20.5 20.1 39.4
C18:2 24.4 35.7 26.9
C18:3 20.9 144 -
TFA" 100 100 100

DTotal fatty acid

mC18:3
mC18:2
uC18:1
= C18:0
BC16:0

Red pepper Red hot pepper Improved green pepper

Fig. 24. Fatty acid composition of peppers.
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W, szt A 24

A gz gke] AAE 24 A= Table 259 Fig. 250 YeEWdTh 54,
A A gxggle]  AHHARS palmitic acid(Cigo), stearic  acid(Cigo), oleic
acid(Cig1), linoleic acid(Cigz) ® linolenic acid(Cigz)®E TAEH AR oW BE A8
oA oleic acid$} linoleic acid’} & $dFoz X5t Aoo ksl

Aol 33 ] 7Lo| A= oleic acid®} linoleic acid7} Z}7} 47.29F 275%= ERL}
T Ao g Eelo] Fglom A ulxTlo]| A= oleic acid®} linolenic acid
7V 247 3477 30.30.0% = ol o] F8 AWite g FRIE it AN gz gl A
oleic acid$} linoleic acid7} 74743559 31.2% %2 TR X WAEQS EQlstlth

sz 7bRe] AWAE 2SS AdEE 525287t A linolenic acid7b £¢lY
A e Ae Aflstars G4 AA gz gte] Ay A8 Hssid 54 gt

A5 ol o] At 243 mpR7HAI R oleic acid®] FEFo] v =
FAE o] FASHS Bl v s AFAdEENAM= red paprika®l A AR
lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid,
linoleic acid 2 linolenic acid® TA %o A2, o]% linoleic acid’} ¢ 656%E =
A &tF o 1the palmitic acid, linolenic acid ¢l Ao & H % gl HE3FH
A 56BHY AFAA %= linoleic acide] FaFo]l 7Hd =il stearic acids
of & AFAReE dAsHA g 1y Faxegte Ay T3 A
of F8Ae] Z-9 linolnic acid®} stearic acid7} A< W53 5o
T EEoA Aate]l EREa vk E AFAFeM = F

[e]
B A st Aol oF Aol Ax ge Ao el

=
>
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Table 25. Fatty acid composition of paprikas
(Unit: g/100 g)

Fatty acid Green paprika Yellow paprika Red paprika
C16:0 15.0 10.2 17.8
C18:0 10.2 9.2 10.5
C181 47.2 34.7 355
C18:2 215 30.0 31.2
C18:3 - 16.0 5.1
TFA" 100 100 100

YTotal fatty acid

mC1§:3
uC18:2
uCl5:1
=C18:0
mC16:0

Green paprika Yellow paprika Red paprika

Fig. 25. Fatty acid composition of paprikas.
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AakA W Aol AWAal 24 A= Table 269 Fig. 2601 Yeldch S
WAz A aaFe]  AWARE lauric  acid(Cioo), muyristic  acid(Ciao), palmitic
acid(Cieo), stearic acid(Cigg), oleic acid(Cig1), linoleic acid(Cigz) 2 linolenic
acid(Cigz) = 750l U&= &t

T 2]9] 79 linoleic acid¢} linolenic acid?} 7tz 23.29F 23.5% = H| 23t %
o2 FIHAoH, olsc FTxHY Fa AUAE Flsii Folof
palmitic acid (19.5%), oleic acid (17.3%)a+o. 2 =274 EE3ta ATt

WAl FZ A M= oleic acid’t 21.5%5 AA|sFe] FLo Ao g e O
palmitic acid(19.0%), linolenic acid(17.4%), linoleic acid(15.9%)<2. 2 3Hf-% o] 9l
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Table 26. Fatty acid composition of chilies
(Unit: g/100 g)

Fatty acid China Mexico
C12:0 29 4.6
C14:0 9.2 7.7
C16:0 19.5 19.0
C18:0 4.3 14.0
C18:1 173 21.5
C18:2 23.2 159
C18:3 235 174

TFA" 100 100

YTotal fatty acid

100 -
90 4
80 4

70

159
232 ®C18:3
o0 C18:2
i | =C18:1
BCIS:0
40 mCl6:0
BC14:0
30 4 =C12:0
20
10 -
0 - .

China Mexico

Fig. 26. Fatty acid composition of chilies.
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1. & flavonoid &%

| benzene—y
-pyrone =A] TAS Zt= AS EAEY] EedE gEolt FE HAdH,
Aol o, =71, 8, Aok = 5 AEel B A A A E(vacuole) ol
e dE = AR EAste 784 Edolth(5h). W one FgtE kot
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E ek (flavone), &eFH &= (flavonol), & ebvlbe=(flavanone), &ehvbE (flavanol) 2 o]
A& (soflavone)d] 5F o0& FFHY FUA, dATA, 4, E5 Fu2H
=

Asks SO 59 15 AT At F8F YPBYT DI o

¢l
i)
s
b
o,
m
=
Q
<
@]
=]
Q
I~
rr
1>
i
N
2
il
o M
5
Hel
i)
2
%2,
rr
0
re
oX,
5
r o

AFAe] 3t 1FF F flavonoid FTFFHEES Table 270 EFH AT
_]

=
Flavonoid®] & #-& querceting 7|Fo & dlo] AHEFHS FAst o, o] linear

regression (%)= 0.99710] 9t}

AFFIAA Eelw = flavonoidd] &< 21.7~170 mg/100 g2 HHYZ &A3 11
uNew, 1 F Fe wlEFaFolN 7B =4 vEwd dRbEaser WA A
b Ao = 747 13099 1252 mg/100 g2 2 SH3FS Fels. 2=y 2
2 Aol T4k Aol A= 881 mg/100 g2 iy o] e HFolgr &

=
Fo M= 564 mg/100 go = YRk aFFol| HEte] 1/3 5
U sz v S5, A, A el Zhzh 217, 292 T2l
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Table 27. Total content of flavonoid in Capsicum sp.

Cultivar

Content (mg/100 g dry fruit)

Chinese chili

Mexico chili

Hot red pepper

Red pepper

Improved green pepper
Green paprika

Red paprika

Yellow paprika

88.1

125.2

170.0

130.9

56.4

21.7

24.3

29.2
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Table 28. Total content of phenolic compound in Capsicum sp.

Cultivar Content (mg/100 g dry fruit)
Hot red pepper 263
Red pepper 143
Improved green pepper 80
Green paprika 95
Red paprika 188
Yellow paprika 173
Chinese chili 110
Mexican chili 110
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3. Vitamin C &%

Vitamin C& ArstAlZ AHgstm, AALZSEH He| F4E5 =& ¥v ojye} 2
ghzle] Aol wofstel EES WE FAgs= dol: das oz dHA g
(59,60). L} Al A FA A kol 2 AFom AAHsNoF st Aol B 4
S AZY F glemg o Fdewe vd wde] SAEdA MHAseF gk
Vitamin C+= 21%& Zgste JAAA dojus= 79t &4 widd AF As

7 °J

=
shug Auelqel e % 4T de] wobi of
1

FHoA 9 vitamin C& FZ7tFoA 714 Be ko] shelxon Ay
2 4y Ey, S0 887 mg/100 g, &4°] 955 mg/100 g ¥ A

ol 71 W& 1,142 mg/100 go] FelE ek wak = Fe Qo

mg/100 g9 ¥ FHFS Ao, AxsA e st
e 150 mg/100 g et Ba(58)H L glom E Aol AR Alme A

2359 A sl 1 Awt AL FaAstah ey AFE

_ﬁ_
e 7 A% wEt FUMEE Ae® BHauwa TH6l). o FelA Hla
7} 7he g %&‘%EEHM Azl zts Auid 23 549 79 887 mg/100 g
oA Ao HAE F 1142 mg/100 g2 F7tete] AXES Felesin)
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Table 29. Vitamin C content in Capsicum sp.
(Unit: mg/100 g dry fruit)

Cultivar Ascorbic acid con.
Red pepper 17
Hot red pepper 2
Improved green pepper 660
Green paprika 887
Yellow paprika 955
Red paprika 1,142
Chinese chili 2
Mexican chili 11
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Table 30. Free sugar content of Capsicum sp.
(% dry fruit)

Cultivar Fructose Glucose Sucrose Total
Red pepper 13.04 754 0.17 20.75
Hot red pepper 12.76 4,65 0.55 17.96
Improved green pepper 19.30 16.21 1.92 37.44
Green paprika 13.07 15.10 12.26 4042
Yellow paprika 24.03 19.96 0.81 44.80
Red paprika 28.15 25.33 0.54 54.02
Chinese chili 5.21 2.42 - 7.63
Mexican chili 3.57 1.63 - 5.21
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ofu .=k 5] utS Ay g, YRt ow &uks UEs ofu| gk e
%=+ histidine, methionine, valine, arginine, isoleucine, phenylalanine, tryptophan,
leucine, tyramine, proline & ©|il, ©ub-S UEU= ofv =4l 2 = glycine, alanine,
serine, threonine, lycine %°] 429 aspartic acid®} glutamic acid= Z2UHS U
B TH(63). o] Frefobr]i=qte Aulgdd =4 4 AR Rt oy AnAE
o2 T R3H64,65).

AET IR IO P

aFFe g g obvlAke] A A= Table 316l YR LT

IFFolls ETEds 7IToRE 5t F 18T 9 ofn|ilo] EQlEAa, dvkE
aFo e FQ2 olux=AE proline(404.53 mg/100 g), alanine(221.70 mg/100 g),
aspartic acid(207.92 mg/100 g), arginine(14550 mg/100 g) 18] 1 serine(122.34
mg/100 g)= o 2 YE o, F ofn =ik hEEe 1583.84 mg/100 g & = UEFRLT

Mg alF F8 opu|xilE ARkg 159 FAFSHA proline(153.97 mg/100 g),
aspartic acid(124.37 mg/100 g), alanine(65.56 mg/100 g) @3l arginine(57.93
mg/100 g)= o= YEtw o, F ofu =ik $aFE 54507 mg/100 g &= YEREH

3k QolaFo A= aspartic acid(247.04 mg/100 g), serine(183.49 mg/100 g),
threonine(78.87 mg/100 g) 18] i alanine(72.55 mg/100 g)s=o 2 ey on Z
ofm| =2k FHFd 101848 mg/100 go &2 YERETh diAR duks UlE ofv w4t
Zlo] 5oz Foly Qi)

F ofuiate] ke dntZuFoA s E=A FelHde Uﬂ, gl
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Table 31. Free amino acid content of peppers

(Unit: mg/100 g dry fruit)

Amino acid Red pepper Hot red pepper Improved green pepper

Asparatic acid 207.92 124.37 247.04
Glutamic acid 35.87 11.75 66.36
Serine 122.34 17.05 183.49
Histidine 20.14 4.56 19.45
Glycine 24.39 3.86 25.71
Threonin 116.77 23.87 78.87
Arginine 145.50 57.93 60.07
Alanine 221.70 65.56 72.55
Tyrosine 25.59 10.12 14.65
Valine 74.29 28.61 65.70
Methionine 4.01 ND 2.58
Phenylalanine 38.16 13.10 25.54
Isoleucine 36.79 11.44 36.18
Leucine 37.73 9.91 29.34
Lysine 37.03 3.18 46.07
Proline 404.53 153.97 12.81
Tryptophan 6.95 ND 772
Cystine 24.13 5.79 24.35
EAAY 371.87 94.67 311.45
TAA? 1583.84 545.07 1018.48

DEssential amino acid
2 . .
Total amino acid



. =z f obul i

gz 7ol e frEl ofnmAke] 4] A= Table 3200 YR AT

A gz g gt Ao F=o ofu] A2 serine(631 mg/100 g), aspartic acid(486.89
mg/100 g), alanine(312.08 mg/100 g) ~1¥] il threonine(298.03 mg/100 g)-o = &
AdERom F ofuil ek 268629 mg/100 g 2 L EFSETE

g gxggle] FQ ofu| e AlE H AL Fkel FAFSAl aspartic acid(1031.47
mg/100 g), serine(8829 mg/100 g), threonine(34756 mg/100 g) @il
alanine(318.67 mg/100 g) o2 et on F ofu Al TS 3872.87 mg/100
go = FlH Ut

w3k A Mol w}izglglo]| = aspartic acid(512.62 mg/100 g), serine(286.21 mg/100
g), threonin(151.62 mg/100 g) 2# 1 glutamic acid(139.21 mg/100 g)+=o 2 2ol
How F ofm At a2 1750.49 mg/100 go 2 EFYTE

Z olmxAte] e A gtz gtol A M EA FelE o A uzelg)

oA gulHoR He e uegdch Afohulwmate] e A, Fa Ha
A o oA FANYUT 47t opulwmite MM %e AANE AW,
HE R obvlibe] 2Ael weh A B wEo] Wk fAR Fo oby]
ko] FRE WSS 1 FFolut 24 ulgo] FWE Folst Yol ztel
Zelzte] guld EAo] ol Fi oz A4Hn

_88_



Table 32. Free amino acid content of paprikas

(Unit: mg/100 g dry fruit)

Amino acid Green paprika Yellow paprika Red paprika
Asparatic acid 486.89 1031.47 521.62
Glutamic acid 134.28 242.73 139.21
Serine 631.00 858.29 286.75
Histidine 50.24 72.18 37.16
Glycine 45.60 40.27 18.79
Threonin 298.03 347.56 151.62
Arginine 113.55 211.66 126.25
Alanine 312.08 318,67 107.47
Tyrosine 21.91 41.61 12.60
Valine 183.03 186.07 95.11
Methionine 10.53 42.32 18.97
Phenylalanine 40.85 94.35 42.95
Isoleucine 93.16 34.02 32.15
Leucine 70.74 73.46 41.73
Lysine 117.96 129.20 55.62
Proline 19.13 48.04 37.52
Tryptophan 9.76 21.92 5.32
Cystine 4755 29.05 19.65
EAAY 874.3 1051.08 480.63
TAA? 2686.29 3872.87 1750.49

T - - -
"Essential amino acid
2 . .
?Total amino acid
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. A9 # opr)w

A Heo] irE fe obreabe] A4 A= Table 3300 WERY AT
FA Ao = proline®] 1124 mg/100 go & wi$- =& kS yehdlon,
arginine(228.83 mg/100 g)¥} aspartic acid(140.32 mg/100 g)GA] Z-& o] kol y
At
AA A A A =4k "l opw Ak £A o] FAFSF 2™ proline(861.43

mg/100 g), arginine(202.89 mg/100 g) 1|3l aspartic acid(102 mg/100 g)To =
A= AT

ZF opn| At e T4l A7t 1977.39 mg/100 g 1elal WA =4k
1521.91 mg/100 g2 &Rl o], T4k Al o] opm it ghiFo] o3 ¢ =& 2
el ok ol ik e) e Al T4k Herh 20358 mg/100 gl = ghelE o
14384 mg/100 g& HQl WA Z4F A nt & Aoz yeyt A FoAs =
WA duts 37 g2 g vbetE 28] methionine©] FHEF A &2 ™ proline©]
A ofr:=4ke] 50% o e AFAIStAL Q= Flo] SRS Z YEyiTth
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Table 33. Free amino acid content of chilies

(Unit: mg/100 g dry fruit)

Amino acid

Chinese chili

Mexican chili

Asparatic acid 140.32 102.00
Glutamic acid 65.15 42.85
Serine 36.51 2793
Histidine 23.16 15.39
Glycine 11.13 10.79
Threonin 58.13 32.57
Arginine 228.83 202.89
Alanine 65.91 66.35
Tyrosine 13.59 12.22
Valine 31.89 22.32
Methionine ND ND

Phenylalanine 25.24 28.85
Isoleucine 14.21 8.89

Leucine 11.22 9.01

Lysine 26.49 18.07
Proline 1124.20 861.43
Tryptophan 13.24 8.74

Cystine 2491 9.77

EAAY 203.58 143.84
TAA? 1977.39 1521.91

DEssential amino acid

2 . .
Total amino acid
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3. "i&

=

A &2l capsaicinoid® 9 £4

o}

A

=
Mo
oX
Mo

7h. AF5 9

S S48k capsaicinoidsgtal 3 ©]3-S capsaicin

oX,
Wu:

aFI e 559wl sk U=
(trans—8-methyl-N-vanillyl-6-nonenamide) @} dihydrocapsaicin (8-methyl-N-vanillylnonanamide)
I 22 oY 7HA E3; e BE3) ofwtol= 3HEFE o] EHA oM (66), ol g
J Aoz gyl wE Bts AAee Ao= dHA UATHET). ©] 3}
2! S X38¥ aroma ring(A)¥ dipolar amide bond(B) 1@l AFA e AL
Z(C)R o] FoA vanillin F%A o] th(Fig. 27). A =7FA X% capsaicinoids® F
8% FEA+= 552 %A capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homo-
capsaicin ¥ homodihydrocapsaicin &°] 2™ Z}z+he] Fx= Table 349 #u}
(68,69). °ol& FollA F9 wEstE =77 st= 7HE 8% A& capsaicin
dihydrocapsaicin®. 24 wj&8te] 80~90% & A&t Jom o5 AFAHEE
UE FRAESERT of 2u) ol g Ao e HTHT0
2 E¥x3} olvlol= FFgEREA capsaicin 9 2 FF, 181 E3}ITEEA

dihydrocapsaicin €] 7£& H i3t}

~

. 3 Govindaragan(71)

A

Fig. 27. A basic structure of capsaicinoids
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3159 capsaicinoids $# & Ev S Au) A B Ao wekA Zpolrp
Aol 7 9 AR 2 dEiM = Blud bdd SAS Zev C annuumE
2 0.098~0.148%, C. baccatums2 C pubescenst< 0.106~0.358% 181 C
frutescensE3} C. chinense®2 0.264~1477% RBE=Z K1 ¥ v} Jo(72,73). 3+
9] capsaicinoids $F&Foll W3k A= v A @we #Hld|, capsaicinoids &#o] 3}
X 7= 0.15% ©]3d}e] ™, spanish sweet paprikai= WA &2 Zo] 0.003% ©]3s}o]
o A 311‘41 0.05% At} Chiliz ¥A &2 A2 01~02%, 53 A=+ 02~
0.4%, & A& 04~0.6%°1™ wf-9- 2520 A2 1.0~14%71A 2] HolE Hlt
I 3P TH(74). TE F 113 F 7Fo % capsaicinoids @ #olE= zFol7l gl ow
Hael FHAe| zol= oF 458 Bkl SEATHTS76). Lejan A A 7F A

T= ).

S fivhs BHas Jok(77
a Ao i A 49 e @%t of #ato] W2 A7t A=,
capsaicinoidsi= B Foll A A A =] 4 (78-80), A gl o] sHfEo] la, 2y
o TR AW Hi= eftelA EHlE capsalcmmds«] A57F J4k FARE = Ao
2 deid. sl axE 22 AdFe Bolal 9em  capsaicin®] gl
duhydrocapsaicin®] ¥Rt © B2 Aoz ETH81,82). Capsaicin &S 3

ol wel Agd A=rF o8 Ao R WA e @83), 1 FA AV dxEAzE
2% Sol AA FAdum Io84). I FFEA V] wME t2va Bay
vl QI TH(85).

Capsaicin®] 4% 18761 A &o® aFo|A E&d % 19199 N-(4-hydroxy-3-
metoxybenzyl)-8-methylnon-6-enamide#}+= +Z7F 938 % 12 19559 Crombie®l] ¢
a AgA HArk 1239 wjE wE 7= 7]HE capsaicind] §F&EtE FEA 2
VR1(vanilloid receptor 1)o] 93 Aoz o] whulza o &5 d = (noxious heat)¥}
g B (XA proton, HE)oll A ZAstdT o] AatEe] Z2adsE dHEH AL
oAl a1F7F v ute] =AXE AL oleld VRIS AHe 7|t F=

3L QTHE6-83). 1960t Jansco+= capsaicin®] 7] A ZH ] SZAAAFAETE &

B

BEAA TS5 F2A713(89), o] 7R 95 wiAE WEA 7Y olE AEH5H o
2 B3y RNAAEE FEHIJADOEZH capsaicin ooy =3 gﬂ_ﬁ_]].;i-]]y 71 A
A QA AFo|E e AHE ZesA "o A wEya Txpe] A9
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Table 34. Characteristics of capsaicinoids

Pungency
N T f
ame Structure ype of pungency Threshold
i d burni h f
N HACO Ot produces burning everywhere from 1635 + 298
Capsaicin N the mid-tongue and palate down o 1
H . million SHU
- CH; into the throat
(0]
. . . H,CO CHz 1630 £ 1.52
Dihydr ici NM th -
ydrocapsaicin @/\H L € same million SHU
HO *
0 CHs
.. H-,CO /u\/\/\)\
Norcapsaicin 8 jg/\ﬁ ~"CH; -
HO
0 CHs
) . . H;CO JW\ relatively mild-fruity, sweet, and 9.38 + (.80
Nordihydrocapsaicin N CH . ’ ’ o
y b :©/\H 8 spicy million SHU
HO
0 CHj
. . H,CO M/\/\)\ about one half as potent as 8.6
N = CH .. o
Homocapsaicin ]Q/\H 4 capsaicin million SHU
HO

Y Scoville Heat Unit
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Table 34. Continued

Name

Structure

Pungency

Type of pungency Threshold

Homodihydrocapsaicin

N-Vanillyloctanamide

Nonivamide
(N-Vanillylnonanamide)

N-Vanillyldecanamide

0 c

T

3

|

CHy

H
3CO:<J/\N
H
HO
H
SCO@/\ N
H
HO

O

|

CH3

0
He,COj@/\N/Ik/\/\/\/CHa
H

HO

0]

CH3

HaCOJ@/\N
H
HO

produces a "numbing burn” in the 14.04 + 1.01
throat million SHUY

B 8.0
million SHU

producing a "mellow, warming effect”
and "biting sensation”  which
"developed immediately” and

"receded rapidly” "in the front of
the mouth and palate”

932 £ 121
million SHU

Y Scoville Heat Unit

.



2 3ol deEs WSEoly gl AAad #3) Zolo| wel AA gt dA g
71#ES AASE oE sy $yueE E%&%ﬁzﬂ.(KSﬁZﬂ.)ﬂ]% capsaicin 35
423 mg/100 g& 7lFo =2 1 o2 W& vte® I oldt= &7 Btowm FEstal

. "= ASTA A= capsaicin &% 31.3~375 mg%e°l| wet 7T4A = F238
oo, Frbel= =9 Bk 10 mg/olg}, F7F o] e e 20 mg%, L oS
2 EFeta vk 53] vl sbe ouel w9le) A4 g 3kl didst

Al FEEo] Qo] AAVE ek debd Fube] gl
& HsHAS 71715 ol &% HALR U=
o AEAd HAQ dsHAY] B ds HUkAE 5}04% AFo v A=
53 & AA gAste] wjEuts =71 EshA HIAS el 3| Auj4¢E Scoville
Heat Unit2 #A9&21t}(91). Capsaicin 1 mg/kge 15 Scoville unite]l® <=3t
capsaicin< 16,000,000 Scoville unite]t}. #sHAFS] 49 panelel w2t 23 3o
kol 7k AASHA & wHo] 9lof, HTdde olE HESr] fste] UV-Vis
Spectrophotometer, HPLC % GC¢} 22 71713 A Wo] F=2 Ag5 1 Jth(92).

rl
e

HPLCE ©] &3} capsaicinoids® #&A& 1339 £d nj&ut B3 7149 wjgut
A Tl A o] Fo A TH93).
- AR BAgEFE B4 & u wjg 25 g2 ot Wole &2 4

A A5 A, Alm SAA7] 2 R L EAME e Aoleha ®Hojzl
t}H(81,35-87).

2 AFeAMeE  aFF FE  oveut AdEoe= Z83k= capsaicind
dihydrocapsaicing HPLC 7|7|2 EA 3t ZTFE 29 chromatogram(Fig. 28)e 4
Elet retention time¥} Wal, ey RFEA T FA(Fig. 29)& o] &35+
AeFal ol Capsaicine 10, 20, 30, 50 2 100 pg/mLe =& AHFHAS ZAAEA
o1 dihydrocapsaicin< 1, 5, 10, 15 % 20 pg/mlLe] Tx== 2tAste] Ao o] &
gt ¥ 39 linear regression 44 ()= capsaicin® dihydrocapsaicl A1

ZkzF 0.9992¢F 0.9972%4 tF.
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Fig. 28. HPLC chromatograms of capsaicin and dihydrocapsaicin

standard.
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Fig. 29. The Standard curve of capsaicin and dihydrocapsaicin by HPLC

analysis.
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t}. Capsaicinoid® 3%

1LFF 9] capsaicinoidf® % capsaicin® dyhydrocapsicinel] ™3t staS 23 A
3= Table 359+ # o™ HPLC chromatogram- Fig. 301 e Ach.

Hx Y75 ALs BE TFFAA capsaicin® dyhydrocapsaicin®] &21E 1o
), Mg Foh e FeA =A vErs T Capsaicine "lsz& a0l A 1 kol
7268 mg/100 go 2 7}F wo ool Felx 9 o dihydrocapsicing WA 9} Fa-
ZAe7F wj &gl Hl& diiAoR b FExgs Slsiiit BE aF5ed

capsaicinoid®] A EW3lE X capsaicin®} dihydrocapsaicin®] $F=H] = 54:462] H]
O
RN

2 HuED gom(94), HFAAME ol dAsPoY wiEgiaFe A5
capsaicin®] ¥ #o] dihyrocapsaicin®] Hl& €53 =4 ¥ Aol EHo|dr}. U
k8 1590 749~ capsaicin® dihydrocapsicin®] 3$r#Fo] Z+z} 16573 1575 mg/100

go= T ko] glo] Mzl FHFor FxsteE AS=E yEwTh Capsaicin?t
hihydrocapsaicin®] AZE% A &< dSH=Z g7l d= o] F capsaicinoidiFS A€ 3
&  capsaicinoidi 7 "l® QEH oy capsaicin®  dihydrocapsaicin®]
norcapsaicin, nordihydrocapsaicin, homocapsaicin L& i homodihydrocapsaicin =

& vjgtol vj$ okahel xelztel v % Reld] A YFS

o2 AZtEd. 139 capsaicin @2 T AFol7h AW A, A 71, Az
T Tl mEt B FAAGE FFel @AY, UF dsstd 288 ofs vie
Aol 2 Aadvhal Barg b JTh9)).
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Table 35. Major capsaicinoids content of Capsicum sp.

(mg/100 g dry fruit)

Cultivar Capsaicin Dihydrocapsaicin

Red pepper 16.57 15.75
Hot red pepper 72.68 27.02
Improved green pepper 1.92 0.06
Red paprika NDV ND
Yellow paprika ND ND
Green paprika ND ND
Mexico 64.84 45.11
China 61.82 52.76
"Not detect
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Red pepper

Hot red pepper

Improved green

pepper

Red paprika

Yellow paprika

Green paprika

Mexico

China

Fig. 30. HPLC chromatograms of capsaicn and dihydrocapsaicin in

Capsicum sp..
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2. 4 4 31379 T4 capsaicinoid

aFol W& =S YERYE capsaicinoidfol tiE ZF £ ZAo] #E LC/MS
A 235 Table 369 YERNRITE
159 capsaicinoids ¥ F v S AEl A9 g A welA ol &
Holw X ApAz} ¥ capsaicinoidFi  capsaicin, dihydrocapsaicin,
nordihydrocapsain, homocapsaicin % homodihydrocapsaicin 5 2% YElyL ). Fig.
318 LC/MSel 93] selected ion monitoring (SIM) modeE =3 Zeld z+7he]
protonation® FEje] ¥xfol [M+H] S Yeba o} Z4zte] x5 543
Ao Fels Edtd m/z 294 [293+H] o]2L nordihydrocapsaicin, m/z 306
[306+H] o] &-& capsaicin, m/z 308 [307+H] °]<° dihydrocapsaicin, m/z 320
[319+H] & homocapsaicin L& 12 m/z 322 [321+H]"& homodihydrocapsaicin® %
AEAoh At as, vy, 2 HYfFolAs olE IdEol BT EAst
gl o, Fxgsbrolrs AYEE e
A=A FAY capsalcmol‘% dihydrocapsaicin ‘s "j-&%to] 23 A capsainoid
© Ao®E Uyt dZegtas Aleg Be Ao
ol /\1% capsaicin® dihydrocapsaicin®] Z#| capsaicinoid
o °f  T0~90%¢] W= EAEen,  Folo]  nordihydrocapsaicin,
homocapsaicin, homodihydrocapsaicin’} 22 19~781%, 251~10.36% %
592~15.90%° W= AA AT 53], vjste] wl¢ °fste] wigsls E71A
e AbAEdAE A7V B2 FRd QolaFA AR olF 5% 9 capsainoid &
LA 50 BT EAeks Aor gy
duFa =g 1A g dEA de dZegbRdde AAAS AeE
W3} o}l 3} A T}oll A= homocapsaicin®} homodihydrocapsaicin®] 7] 2 &3}t

2
7} capsaicinoidiroll gk vl BFe 7]o] HE=EF HW capsaicing 10022 7|3t

Mo

e Jrow zgai 9o

o

oX,
M
-,
B
2
ol
>
52

R

_‘
;
R
A

¢

=
>

%

=

_I

2SS u dihydrocapsaicine 758 % ©]™, nordihydrocapsaicin, homocapsaicin 2
homodihydrocapsaicin®] 20~50 Alo] A Eel Aoz 2z JArh(96-98). whela] o]

+ capsaicinoidf+= " uto] 73k capsaicin® dihydrocapsaicin®l] ®H|ste] 1 mf-$

o

7 BAS I FRF G4 F3 0 o ATAN e A
o L7A Fe Aow BeAn
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Zy 139 FW  capsaicinoidf® w4 A3E TS E oWz a3

/
capsaicinoid ¢ 24 SA4e v F3h giH o vjeste] WehAL E A
FrolA el 232 Fof wEA = Ao]E Ho

x 1
A s w2 Fo e AGHL Aol A % A

i

x
=
>,
|
1
&
L

Table 36. Composition of capsaicinoid of Capsicum sp.

NDHC” Capsaicin DHC” HC” HDHC?

Cultivar %) %) %) 6 )
Red pepper 3.32 38.56 31.86 10.36 15.90
Hot red pepper 1.90 63.53 17.59 4.22 12.76
Improved green pepper 7.01 63.25 21.30 2.52 5.92
Mexican chili 7.81 43.71 23.34 9.25 15.89
Chinese chili 4.44 43.64 31.57 6.74 13.61
Red paprika N.D.” N.D. N.D. 2017 79.83
Yellow paprika N.D. N.D. N.D. 72.46 27.54
Green paprika N.D. N.D. N.D. N.D. N.D.

Dnordihydrocapsaicin, 2)dihydrocapsaicin, 3)homocapsaicin, 4)homodihydrocapsaicin, 5)not detected
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1005 b o
953 [MAH]

Nordihydrocapsaicin

7R a

Capsaicin

]
953 [M+H]*

Dihydrocapsaicin

953 [MAH]

2Ha.u

Homocapsaicin

[M+H]*

2060

Homodihydrocapsaicin

Fig. 31. Positive ion ESI mass spectra of capsaicinoids in Capsicum sp..
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ul. SHUS A9

223" # X(Scoville Heat Units; SHU)&= 15579 Aoy vl A=E 743
© 9¥lolth. SHUx= 997F flew 2 ge HAbelale] ia=Fs oudt. o
HUE 239 A= Aes S48 UHS /Mdsk vjaro) 8kskal Wilbur Scoville
o oS W Ao 1921de] sEE 1o] Wy
(Scoville Organoleptic Test)o]2} &&= ATH91). o] WHL Hsol 93 S
o2 HE 59 AEo Hrido] ¢ o “Ad's X =4 WA iF FEES A
FAHA A7, 2 gA e Frrp 23 H o] Fho] ") whetx
o] A& ¢l =gy £ 9 o] Fto] 0olw, dulv] & (Habanero)9t 72 wj
&+ a3 Ag Aol EAVE AE BVFsE 20 v viE SMAZ FEERE

Q13 201t 01%91 7S 7FRTH(Table 37). 8y o] ~z:dl 77beg =4wol 7}

2!

rlo

e
sE PASE SR

i}
i)
>
_O‘FU
>,

HITo = 15 Xﬂ AzvtE2YS  (high-performance liquid chromatography;

45 FAsE 71714 gel wol AHgHm

r &
i)
>~
>
o,
>,
=i
(]
o2
o
N

le) =] & () S =] = =] - () =] -
T oz @ Ak setEAS lsta FA%E or A e duA
o)
] H Eatei -1 = )
=
R

=3

~
o
9
>
02}
;%
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_>i/
i
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02}
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Table 37. A list of scoville heat units scale

Name Pod Type Species Scoville Units
Orange Habanero Habanero C. chinense 210,000
Red Habanero Habanero C. chinense 150,000
Tabasco Tabasco C. frutescens 120,000
Tepin Tepin C annuum 75,000
Chiltepin Tepin C. annuum 70,000
Thai Hot Asain C. annuum 60,000
Jalapeno M Jalapeno C. annuum 25,000
Long Slim Cayenne Cayenne C. annuum 23,000
Mitla Jalapeno C annuum 22,000
Santa Fe Grande Hungarian C. annuum 21,000
Aji Escabeche Aji C. baccatum 17,000
Long Thick Cayenne Cayenne C. annuum 8,500
Cayenne Cayenne C. annuum 8,000
Pasilla Pasilla C. annuum 5,500
Primavera Jalapeno C. annuum 5,000
Sandia New Mexican C. annuum 5,000
NuMex Joe E. Parker New Mexican C. annuum 4,500
Serrano Serrano C. annuum 4,000
Mulato Ancho C. annuum 1,000
Bell Bell C. annuum 0
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w2 235 e A= M=

HPLCE %3} <% capsaicin® dihydrocapsaicin®] $#& F3le] 327}
FE A9 7 nFFolA 1 e SHU o=z 3ksk vl J=E Table 389
e 2T

A4

=

&

A Fol A SHUZF 7 =4 El=on dikAd Aol a4 =2
A 2 Ao YRt HE capsaicin® @@ W& aFolA JHE =4 dEy
tlou, el wlstel g o= dihydrocapsaicin®] gkl Ao
capsaicin®} dihydrocapsaicin®] &#o] RF A gold AFrHu 1 v AL
= 93 Aog T SHUE @971 gl @ex 72 ¥ v Heo o
Al 0~50002 ‘=38, 5,000~20,000 ‘eFzE

ol

7=

] i
28 a 70,000004-& ‘ofF mjeurow EFHETH oo wi 7 nFFo weAdx
S ARy QojuFel ANt aE Eenlt g wlEage deRe okt
u -5kl &3S glsktt

Table 38. Scoville heat unit of Capsicum sp.

Cultivar Capl) DcapZ) SHU
Improved green pepper 19.2Y 0.6 295
Red pepper 165.7 1575 4,423
Hot red pepper 726.8 270.2 14,225
Mexico 648.4 451.1 15,275
China 618.2 537.6 15,885

b Capsaicin, ? Dihydrocapsaicin, '”mg/kg dry fruit
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4. A2 E 24

Aax 9@ axr7tFe F45 Hrtste Mg 2 94 8 17T sy
= AR S carotenoidF 24 A A A A9l capsanthin®} capsorubin®] A A ¢ 8
0~85%Z =}#|&bn A MA<l B-carotene, cryptoxanthin 5©°] 15~20%Z x}A] 3}
Ao m e Arh99). AAA N St M AE =dE52 °F 1009 7HA
7} de & 9l oy capsanthin®} capsorubine 9 &A Capsicum Fol|wt &3t}

3 g4 Qo capsanthine I=xg]7te] FQ MAE oF 50% AEES AR st

gk a5 a4 Aol @e ®Warel oaw E7FEE HPLC, LO/MS 9+
43l EA3 Ay capsanthin, capsorubin, zeaxanthin, S
—cryptoxanthin @ [B-carotene®] F8& AMA AE o2 FAHLACH(100). L&Y ol &
Mol A B&Y e uFo F T FI FFA7| wE Xo]E Hol:
AoF WauHEi ¢ vh(101,102). Capsanthin &S A 3743 21U Eof wla
L ¥t e Zdow Huda dedH, 9 5103)] ot = aF 1270 F o
capsanthin &#o] WA G R} FEFoA] =ha &9k
Carotenoids®| FH&e A A dAld webA Zpol7b d=Hl, FFol A=
lutein?} G-carotene°] TIHFZS At H-2 A<l capsanthin®} capsorubin< %
8 glov Fddo] Asel wEtd F43%] Srbske Ao e £ vH(99,101,102).
I HE 1Fo 1z HAHAME carotenoidse] WA ElyF #EE Q=W vk
b= 125C oA A bs F7HA17 el wet carotenoids ol w43 FHAstH
(104), AZLEE A5A 7|9 capsanthin o] ZHAF PR 60CANA A Axs
Aol A AZHT} capsanthin A9 HEo Eva dFAYH105). =S 11
7] AGI A FAof 7Y 2 S MAE 8RleRE T dsEelil Kl
(

=
NOM(106), A% 713t &<k Ax AT A 74

rr
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< REEA, £E7 5555 At AL T Wl =F Al E AA
37 F g & A A 5(103)2 EaFe dd uFE Lxe A%
71208 ety AA g WEtE 4% A% BT 980 A S
S HEEAT

A Al carotenoids3r S C annuum©] tE F< C chinense, C. baccatum,
C. frutescens 2 C. pubescens®th AWty oz =rla sfgom, MAFEHEl
‘paprika’ AlE< Aln7F A9 ¢la, I e F2 MO R A carotenoids $FHO]
Fom JFH 7 w=E =rH107).

Ccs(Capsanthin/capsorubin synthase) %A= carotenoid A 3HAdel #AH 73
A2 A B A=77E B SolHoz iy =1 Ces7t A% yellow 159 74
9 capsanthin®} capsorubin®] A E A &1 HAA carotenoid®] THF AA] |- F
o (108), ¥RtHom= Aol A wel carotenoid $HE wAS] F7HEA

SapAol mA L g S A 19 Aol W] Bl HA

carotenoid®] <Feo] F7F&A] ktial B © vp ITH(109).

(2) %59 % carotenoid T F

aFFo sk & carotenoid®] THES Table 399 EMASITE & carotenoid?)
sheke AWbE 15(250 mg/100 g), =Z22(239 mg/100 g), WA =AY (172

=
mg/100 g), "I-&&21F(135 mg/100 g) wo= EA gRlEAon, A5z 7H(59
mg/100 g), £.°]313(47 mg/100 g), %“”EJrEE]?}(SB mg/100 g) 18] i A3} g
7H31 mg/100 g)ol A o= vl AL FFS Hetdllth o= 4 ASTA A
Aakel Aot AT S ulAl 1579 F carotenoid 3RS 293.2 mg/100 g
2 RI(110)5e] 2 AFZA e It ow, e 7t carotenoid S 17~
37 mg/100 go = Hiixo] AX|3hS At ATHBA).
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Table 39. Total carotenoid content in Capsicum sp.

(mg/100 g dry fruit)

Cultivar Total carotenoid content
Hot red pepper 135
Red pepper 250
Improved green pepper 47
Green paprika 31
Red paprika 59
Yellow paprika 35
Mexican chili 172
Chinese chili 239

(3) & 7Y 1F7F9 carotenoid =4

aFel e AMS yehhE AR capsanthind  capsorubing L&A
Capsicum &R &A= SolAd MAaAdolrt. Fig. 329+ 334 HPLC %
LC/MSel| oaf] &elg 2 A 3139 carotenoid XA #3k 2 o 4
5 HER A TH
Fig. 34 1nFFolA &<ld EAZHo| carotenoidE® YEFH L 9ow, HPLC,
LC/MSE  AR&3te] HA3 Az He 9S8 ul: 3o A= capsanthin,
capsorubin, zeaxanthin % [-carotene 5°] +2 MA AHEOZ FAHHJCL T3
= 9 g AS ] 13EFo| A E lutein, zeaxanthin % [B-carotene %o &elx o]

o] B& MeS e E capsanthin 2 capsorubin®] £A4)3kA & Aoz 3

e L
Y

al
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AE At FFolAe] Mo A Hl&I FEFS F T FEA7|d wet Aol
I 910(101,102), °ol¢t % AE FEHsIa gt}
LC/MS 24 ZA3¥} capsanthin, capsorubin, zeaxanthin, lutein % [-carotene % ¢
F 8 carotenoide] W3dted 72 m/z 585, 601, 569, 569 @] il 5372 EX}o]o9]
protonation® HEjZ <l ¥ tH(Fig. 2). APCI-MS 2] 4 positive ion mode?]
A9 Al & [MI'H protong @ EAbo] 2[M+H] S #EIT 4 olow, wkH
negative ion moded A= T2 EAFo|[M] FHE A & Aty 2 &3

d A s ATHI1).

=20 wmEFAo A= F£=2 lutein®  violaxanthine] EA Aoz EA 5,
"paptika keotonei+‘¢l capsanthin®} capsorubine %A 1139 F% carotenoid A&
° 2 luteine EAEA &= o] Aol oR UERITH1IZ). B ATNAME HS
Aol mF I Awtg R vieR i AAMuzeyl WAs Bl e s B
o A capsanthin % capsorubin®] ERAF Qo Qo]iuFe} = Hlaxg Il =
lutein®] F¥ carotenoid¥& g1t Fig. 29% AFFAA F=2 gd
caotenoid®] 7%= Yeha dth. APCI-MSel ¢ 3t fragmentationdl] A+ m/z 585
2 gole capsanthin® dehydrogenated ion¢l m/z 5675 ##ET = Ao,

il
5
%
L,
o
fu
s
id

)

=

hydroxy groups 233t Q= capsorubin(m/z 601), zeaxanthin(m/z 569) %
lutein(m/z 569)l A= Zz+ZF m/=z 583, 551, 551¢] dehydrated ionc] &elx it &
Ayt BExZ27F 2L zeaxanthind lutein mass spectum®] fragmentation¥ =
HEje] xpol2 FEE £ 9t} Zeaxanthin EAo]-&<¢l m/z 5697} base peak®
A8k aL, luteine dehydrogenated ion$! m/z 551¢] base peakZ EAS & &
21 tH(Fig. 33).
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J\ Red pepper

R Hot red pepper

Improved
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Jk Yellow paprika
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Fig. 32. HPLC chromatogram (PDA 450 nm) of a direct carotenoid
extract of Capsicum sp.. A: capsanthin, B: capsorubin, C: zeaxanthin D:

lutein, E: B-carotene, F: unknown
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gt LA A T o' BauERE TH2T). oA H Fag AEVHFY TS
40919l FHE Mz 35hA Jre 15 FI A x| FHolol= carotenoid
o] capsanthin®] 3ol =-$-F ),
=g d A g G = o] capsanthing acetonel. & FE3F N Mgt
#3}3t ASTA(American Spice Trade Association) color valueZ #| A4 3&to] n|=-
B2 el A TR Mg Hrtste A4 d9E ARRE I AT v m gy
A3 A At a7 ASTA F47|%+ & ASTAMGZH(ASTA color
value)> Table 40049} o] ASTA A3t 70~1607A1 S 5~69AZ &35}
Natural, Extra light, Light, Medium, Dark 522 FE3t12 om, &rige 14
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Table 40. The quality standard of red pepper powder in foreign countries

gz ‘K‘;Ti? 9719 74 SERE

- ) o Special, Delicate,
Faale] A7, A
Noble sweet, Rose,

<ASTA 3% "0-16806~6H)> i
1) ASTA color . Hot D g% ikl
—Natural, Extra light,
) i -Extra: 120
Light, Medium, Dark .
-Rose: 65 ©]3}

2) Scan 2) (%) 149]8}

Capsaicin g % o ekt 10 mg2olst
3) Purgency -31.3~375 mg/%°ll o °RIE wk N me% 3) YYAIES 20x10'/golsk
wet 7THAIZ 5 o uiE 3k 20 mg%eld

4) Moisture 10~12% 4) ATFTF oA

5) Mao amlyticd o] &

8 5) W 1,000/ge]s
ropetics () o1 2] € ) D ) W 1,000/gel st

6) Madidogicd s oy = 6) whla oA
analysis

7) Screen andlysis A=EE 05~0.63 mm 7)) oZEEA EHE

Q) Vistel propaties 59| 2f6k 15 o] Az 8) #MAtolAl 0.06+0.03

9) vl A& 2.0 ppme] st

100 =% 20 ppmelst
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Table 41. The various quality standard of red pepper powder in Korea

g AEFZA AEY 13 (KS H 2157)

FTUYEETE AEAERET

(T-034)

Jfre] MEs XA o] aifre] Mdog i afe] MEg sHA

H-ol A7 glolob shm, Aeha, olm-eA7E L, olu-o]27t glo]

® 43
o % Gaelol A glolof . oF g,
oh) gk
(2) & 15.0 ol st 13.0 o] st 13.0 o] st
(3) 3+ 7.0 °] 8} 8.0 °] s} 8.0 °] s}
(4) Ak 05 ol 3 15 ol 15 ol
G Ase o FAT L gasiold o wnk gaslelii o At
sreloog 20 O SHEIEETOI AR ) )
(O FETCD ) epgt 201 oy w20

(D) B2as  AEHAE ok B AEselE oh) Brk AZEel= oh) )

<=3k mk 42, 3
®) AeRings - DSOS

S =k 423 o]t

o T AETHF o FE AZTHF
2 mmi10%5 Far &0 im0l He A
&0 mideeld s A o BE 1T
o HF T &0 m60%e 1’ &3
9) F=(%) - 860 1m:40%\aL 45 MRV g A
5 il e A o Al ALE7HF
o 11§ IETF 425 IMB%60 1 53}
&0 PMS%H]RE Har

45 MBI He A
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(A2 0.03% ] 3})

(11) oEEABY 10 ng/kg -
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Table 42. ASTA color value of Capsicum sp.

Cultivar ASTA value
Red pepper 123
Hot red pepper 54
Improved green pepper 13
Mexican chili 72
Chinese chili 103
Green paprika 9
Yellow paprika 10
Red paprika 25
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GC= FID7F H#4¥ Hewlett-Packard series 5890 II PlusE AF&3t3lod,
column> DB-WAX(60 m x 0.25 mm id, 025 ym film thickness, J&W, USA)E
APEEER AL, 2k T2 40T A 327 A% s 2C/ming == 150T
7HA TRAL AT /min®] 22 200C7HA AsAlZl 5 1083F FA 8kt Injector o}
detector®] &=+ 77 250TC, 300Co]lH, carrier gasT heliumS AFE3IR L F5

<2 1.0 mL/mino 2 9o A5+ 1 yul& split ratio 1:202 YA

AR o] AL83 GC/MSE Shimadzu gas chromatography-mass spectrometer
QP-5000& Atg3slgiom A5 9 iondl:= electron impact ionization(ED)®WH o= 3Y
AT, GC/MS 24 %72 jonization voltageE 70 eVZ 3}$ 3, ion source =%
230C= st =gk AT F2EY HA(m/z)v 40-3b0e.=2 HA4sATt. o

=
2 B4215e GC-FIDO 24x313 $d3 202 E43 30

i

(2) n-Alkaned HEE A F

1

] n-alkane XTEZS GC/MSZE A48t wHEE
-Alkane X552 mixtureE DB-WAX capillary columns ©]&
stof A% chromatogram% Fig. 3501 YeHA ZHzte] exro] afddy =
retention time(Table 43)= RI ¥ 9% basic programel| 9 ¥ste] #2jd 7}
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Table 43. Retention time of n—alkanes for gas chromato- graphic retention

index

n-Alkane Name Retention time
CioHo n-Decane 11.443
Ci1Hos n-Undecane 16.714
Ci2Hog n-Dodecane 22.115
Ci3Hgg n—"Tridecane 29.970
Ci4Hso n—Tetradecane 36.835
CisHsp n—-Pentadecane 43.475
Ci6Hz4 n-Hexadecane 49.900
C17Hsg n-Heptadecane 55.999
CisHzs n-Octadecane 61.532
Ci19Hao n—-Nonadecane 65.971
CooHuz n-Eicosane 68.062
CarHuy n—-Heneicosane 73.243
CaoHae n-Docosane 75.395
CasHug n—"Tricosane 78.404
Ca4Hso n—"Tetracosane 81.677
CosHsz n—-Pentacosane 85.971
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Fig. 35. GC/MS chromatogram of n-alkane standard mixture.
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(1) augads AEy 1492

dutgyF2HE SDERIHO=Z 34
A3} chromatogram< Fig. 369 YelHAz, 5489 AR A3 #As7)d
H| &2 Table 443} 459 ‘JrE]rlH?iE]'.
FEuFo|A 2 sAHH AR F 70FT2o=Z, 2159 terpenoidiF<t 16% 9
aldehyde& 7} F&ES AAstH o 1 9ol acidiF 2%, alcohol, & 8%, esteri 7
%, ketoneF 10%, d2313E 3% 181 7|} 3F9 313 Eo] =AHHAT}. #57)
W2 2% F peak arear terpenoid¥, aldehyde ¢} acid®7F Z+z; 29.2, 287 1
gl 252% = hRES zxstgon, o]ojA esterF7F 5.7%, ketoned 7t 5.0%,
alcoholw 7} 4.2% —1eja AisteteEa 7Ieb7F 242) 1.3%¢9 0.8% =2 et 58
G| o 2= (EE)-24-decadienal (11.62%), decanoic acid (14.24%), undecanoic
acid (10.43%), farnesol (6.02%) @ B-ionone (3.63%) So] F<lwArt. o =
decanoic acid®] 7A$ sour—fatty?dr o w ZAHWY, (EFE)-24-decadienal S+ H

s AR oilydh &Fo] tiF-E= A8t

2-methylbutanal® 3-methylbutanal2 strecker aldehyde
F2 o] & g E& 1FFE X A F Aol mailard BESell 95t
ARE = sgE2 A dvk113,114). T3 methyl pyrazine®} 2,6-dimethyl
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Fig. 36. GC/MS chromatogram of volatile components in Red pepper.

Table 44. Relative contents of functional groups in identified volatile
components from red pepper
Functional group No Area%
Acids 2 25.2
Alcohols 8 4.2
Aldehydes 16 28.7
Esters 7 5.7
Ketone 10 5.0
Nitro compounds 3 1.3
Terpenoids 21 29.2
Miscellaneous 3 0.8
Total 70 100




Table 45. Volatile components identified from red pepper

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %
1 906 Ethyl acetate 9.98 2.14 18 1318  2,6-Dimethyl-5-heptenal 0.72 0.15
2 927 2-Methyl butanal 0.82 0.18 19 1322  4-Methyl-1-pentanol 1.14 0.25
3 930  3-Methyl butanal 212 0.45 20 1326 (Z)-2-Penten-1-o0l 1.70 0.37
4 950  Ethanol 3.77 0.81 21 1335  2,6-Dimethyl pyrazine 0.31 0.07
5 981 2,3-Butanedione 0.75 0.16 22 1340  6-Methyl-5-hepten—-2-one 1.29 0.28
6 1083  Hexanal 0.58 0.12 23 1360  1-Hexanol 4.03 0.86
7 1111  Butyl acetate 0.45 0.10 24 1391  2,3-Octanedione 0.96 0.21
8 1128 3-Penten—-2-one 0.54 0.12 25 1432 (E)-2-Octenal 3.20 0.69
9 1130 (E)-2-Pentenal 0.58 0.12 26 1454 Acetic acid 2.30 0.49
10 1142 o-Xylene 3.03 0.65 27 1465  Furfural 1.42 0.31
1 1166  1-Penten-3-ol 0.50 0.11 28 1467  (E,2)-2,4-Heptadienal 9.98 2.14
12 1188  Pyridine 523 1.12 29 1495  (E,E)-2,4-Heptadienal 22.31 479
13 1219  (E)-2-Hexenal 0.90 0.19 30 1524 Benzaldehyde 5.03 1.08
14 1233 2-Pentyl furan 0.69 0.15 31 1539  (E)-2-Nonenal 1.51 0.32
15 1258  1-Pentanol 0.57 0.12 32 1553 Linalool 5.08 1.09
16 1270  Methyl pyrazine 0.38 0.08 33 1584  6-Undecanone 1.80 0.39
17 1301  3-Hepten—-2-one 2.95 0.63 34 1592  B-Elemene 2.65 0.57
1S? 1313  n-Butyl benzene - - 35 1601  2-Undecanone 0.62 013

b T T
"Retention index,

“Internal standard
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Table 45. Continued

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %

36 1607  2,6-Dimethyl cyclohexanol 3.49 0.75 54 1817 (E,E)-2,4-Decadienal 54.11 11.62
37 1625  B-Cyclocitral 512 1.10 55 1841  Dihydro-B-ionone 2.21 0.47
38 1648  Alloaromadendrene 4.14 0.89 56 1857  Geraniol 1.49 0.32
39 1650  Safranal 5.24 1.13 57 1862  Neryl acetone 14.27 3.06
40 1670  (E)-B-Farnesene 1.67 0.36 58 1881  Perilla alcohol 6.21 1.33
41 1697  Aromadendrene 7.25 1.56 59 1991  B-Ionone 16.89 3.63
42 1704  a-Terpineol 3.26 0.70 60 2105  B-Ionone epoxide 8.94 1.92
43 1714  B-Himachalene 2.80 0.60 61 2114  Methyl hexadecanoate 5.06 1.09
44 1720 Germacrene D 1.10 0.24 62 2135  Hexadecanal 14.47 3.11
45 1728  Valencene 4.35 0.93 63 2143 Farnesol 28.04 6.02
46 1735  Ethyl benzaldehyde 4.16 0.89 64 2221  Decanoic acid 66.32 14.24
47 1745  Azulene 2.48 0.53 65 2250 3-Acetylanisole 12.00 2.58
48 1760  2-Methyl acetophenone 0.89 0.19 66 2258  Methyl heptadecanoate 6.40 1.37
49 1771 (E,2)-2,4-Decadienal 11.77 2.53 67 2263 Pentadecanol 4.57 0.98
50 1781  Methyl salicylate 1.41 0.30 68 2275  Ethyl heptadecanoate 1.36 0.29
51 1799  1-Phenyl-1-pentanone 1.35 0.29 69 2334  Undecanoic acid 48.59 10.43
52 1805  Methyl tetradecanoate 1.71 0.37 70 2369  Dihydroactinidiolide 9.52 2.04
53 1809  a-Ionone 3.29 0.71 Total 465.83 100

DRetention index
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Fig. 37. GC/MS chromatogram of volatile flavor components in hot red pepper.

Table 46. Relative content of functional groups in identified volatile components
from hot red pepper

Functional group No Area%
Acids 1 1.2
Alcohols 12 8.0
Aldehydes 20 32.2
Esters 16 25.1
Ketone 19 59
Nitro compounds 3 0.6
Terpenoids 22 24.8
Miscellaneous 9 2.2

Total 102 100




Table 47. Volatile components identified from hot red pepper

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %
1 808 Ethyl formate 0.44 0.07 27 1271  Methyl pyrazine 0.43 0.07
2 891 2-Methyl furan 0.36 0.06 28 1276 Hexyl acetate 0.47 0.08
3 907 Ethyl acetate 24.72 3.99 29 1288  2-Octanone 0.36 0.06
4 927 2-Methyl butanal 6.25 1.01 30 1302  3-Hepten—-2-one 1.82 0.29
5 931  3-Methyl butanal 1668 269 |L1S” 1314 n-Butyl benzene - -

6 950  Ethanol 2.53 0.41 31 1319  2,6-Dimethyl-5-heptenal 0.63 0.10
7 954 3-Buten—2-one 0.75 0.12 32 1322 4-Methyl-1-pentanol 2.06 0.33
8 981  2,3-Butanedione 3.62 0.58 33 1326 (Z)-2-Penten-1-ol 0.77 0.12
9 984 1-Pentanal 0.55 0.09 34 1335  2,6-Dimethyl pyrazine 0.10 0.02
10 999 2-Methyl-3-pentanone 1.15 0.19 35 1341  6-Methyl-5-hepten-2-one 1.17 0.19
11 1022  1-Penten-3-one 1.26 0.20 36 1361  1-Hexanol 10.84 1.75
12 1061  2,3-Pentanedione 1.06 0.17 37 1378  3-Tetradecene 0.48 0.08
13 1084  1-Hexanal 1.71 0.28 38 1391  2,3-Octanedione 0.31 0.05
14 1128  3-Penten-2-one 1.19 0.19 39 1433 (E)-2-Octenal 1.70 0.28
15 1130  (E)-2-Pentenal 0.39 0.06 40 1454 Acetic acid 7.21 1.17
16 1142  o-Xylene 3.74 0.60 41 1465  Furfural 4.24 0.68
17 1166 ~ 1-Penten-3-ol 0.42 0.07 42 1468  (E,Z)-2,4-Heptadienal 3.58 0.58
18 1184  2-Heptanone 0.29 0.05 43 1495 (E E)-2,4-Heptadienal 3.90 0.63
19 1188  Pyridine 3.18 0.51 44 1497  2-Ethyl-1-hexanol 5.21 0.84
20 1198 Limonene 1.17 0.19 45 1506  2-Acetyl furan 0.91 0.15
21 1214  3-Methyl-1-butanol 0.80 0.13 46 1525  Benzaldehyde 991 1.60
22 1219  (E)-2-Hexenal 0.60 0.10 47 1537  5-Methyl furfural 0.20 0.03
23 1234  2-Pentyl furan 1.42 0.23 48 1540  (E)-2-Nonenal 1.09 0.18
24 1238  Acetic anhydride 1.14 0.18 49 1554  Linalool 2.61 0.42
25 1259  1-Pentanol 0.95 0.15 50 1570  Methyl 2-nonenoate 1.21 0.19
26 1266  Dihydro—2-methyl-3(2H)-furanone 1.66 0.27 51 1590  Dimethyl sulfoxide 1.46 0.24
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Table 47. Continued

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %

52 1596  6-Methyl-3,5-heptadien—-2-one 1.92 0.31 78 1868  Guaiacol 0.20 0.03
53 1626 B-Cyclocitral 5.21 0.84 79 1872  Geranyl acetone 0.90 0.15
54 1648  Alloaromadendrene 3.90 0.63 80 1881  Perilla alcohol 11.42 1.84
55 1651  Safranal 4.81 0.78 81 1885  Benzyl alcohol 0.76 0.12
56 1654  Acetophenone 0.85 0.14 82 1993  B-Tonone 16.39 2.65
57 1666  Furfuryl alcohol 0.85 0.14 83 2106  B-Ionone epoxide 8.65 1.40
58 1671 (E)- B-Farnesene 3.48 0.56 84 2115  Methyl hexadecanoate 7.14 1.15
59 1698  Aromadendrene 9.24 1.49 85 2139  Hexadecanal 112,55  18.19
60 1705  a-Terpineol 1.08 0.18 86 2145  Farnesol 48.68 7.87
61 1715  B-Himachalene 1.33 0.22 87 2154  Ethyl hexadecanoate 1.76 0.28
62 1729  Valencene 2.48 0.40 88 2168  Methyl 11-cyclopentenylundecanoate 12.03 1.94
63 1736  Ethyl benzaldehyde 4.46 0.72 89 2182  Oxacyclohexadecan—2-one 2.73 0.44
64 1752  Heptadecene 1.20 0.19 90 2214 6,10,14-Trimethyl-2-pentadecanone 8.61 1.39
65 1760  2-Methyl acetophenone 1.44 0.23 91 2219  Heptadecanal 2.59 0.42
66 1772  (E,Z)-2,4-Decadienal 3.00 0.48 92 2224  Hexadecyl acetate 44.31 7.16
67 1781  Methyl salicylate 1.73 0.28 93 2231  7,8-Epoxy—alpha-ionone 4,90 0.79
68 1800  1-Phenyl-1-pentanone 0.54 0.09 94 2241  (Z)-Ethyl 9-octadecenoate 2.66 0.43
69 1806  Methyl tetradecanoate 1.17 0.19 95 2250  3-Acetylanisole 557 0.90
70 1810  a-Ionone 3.81 0.62 96 2259  Methyl heptadecanoate 41.74 6.74
71 1816  (E,E)-2,4-Decadienal 9.54 1.54 97 2264  Pentadecanol 20.80 3.36
72 1820  3-Methyl butyl decanoate 1.94 0.31 98 2274  Ethyl heptadecanoate 413 0.67
73 1824  Undecanol 3.73 0.60 99 2287  (2)-9-Octadecenal 15.95 2.58
74 1833  (E)-Anethole 0.19 0.03 100 2370  Dihydroactinidiolide 12.51 2.02
75 1842  Dihydro—-beta-ionone 1.27 0.21 101 2435  Methyl nonadecanoate 1.93 0.31
76 1858  Geraniol 0.79 0.13 102 2461  Methyl oleate 7.95 1.28
77 1862  Neryl acetone 11.37 1.84 Total 618.90 100

DRetention index
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Fig. 38. GC/MS chromatogram of volatile flavor components in improved green pepper.

Table 48. Relative content of functional groups in identified volatile components
from improved green pepper

Functional group No Area%
Acids 2 19.8
Alcohols 12 72
Aldehydes 11 119
Esters 7 20.7
Ketone 9 8.8
Nitro compounds 3 35
Sulfur compounds 4 3.7
Terpenoids 19 235
Miscellaneous 3 0.8

Total 70 100




Table 49. Volatile components identified in improved green pepper

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %
1 811 Ethyl formate 6.94 3.10 19 1219  (E)-2-Hexenal 6.16 2.75
2 905 Ethyl acetate 17.06 7.62 20 1233  2-Pentyl furan 1.00 0.45
3 927 2-Methyl butanal 0.74 0.33 21 1237  a-Terpinene 0.38 0.17
4 930  3-Methyl butanal 1.93 0.86 22 1238 Acetic anhydride 0.64 0.29
5 949  Ethanol 5.62 2.51 23 1254  (E)-B-Ocimene 1.85 0.83
6 980 2,3-Butanedione 0.42 0.19 24 1258  1-Pentanol 0.45 0.20
7 983 1-Pentanal 0.65 0.29 25 1271  p-Cymene 0.33 0.15
8 1007 a-Pinene 0.27 0.12 26 1281  Methyl 2-propenyl disulfide 1.86 0.83
9 1066 ~ Camphene 051 0.23 27 1301  3-Hepten—-2-one 1.69 0.76
10 1074  Dimethyl disulfide 036 016 |LS” 1313 n-Butyl benzene - -

11 1083  1-Hexanal 0.46 0.20 28 1327  (Z)-2-Penten-1-o0l 0.70 0.31
12 1127  3-Penten-2-one 0.41 0.18 29 1361  1-Hexanol 1.62 0.72
13 1166  1-Penten-3-ol 0.80 0.36 30 1412 (Z)-2-Hexen-1-ol 0.85 0.38
14 1184  2-Heptanone 1.14 051 31 1432 (E)-2-Octenal 0.59 0.26
15 1188  Pyridine 2.93 1.31 32 1454 Acetic acid 3.84 1.71
16 1197  Limonene 2.36 1.05 33 1465  Furfural 2.44 1.09
17 1207  B-Phellandrene 2.67 1.19 34 1480 Limonene oxide 1.86 0.83
18 1214 3-Methyl-1-butanol 1.90 0.85 35 1482  Diallyl disulfide 4.43 1.98

T T T
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Table 49. Continued

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %

36 1484  2-Nonen-4-one 452 2.02 54 1800  1-Phenyl-1-pentanone 0.75 0.34
37 1494  (E E)-2,4-Heptadienal 0.29 0.13 55 1804  Methyl tetradecanoate 3.42 1.53
38 1496  2-Ethyl-1-hexanol 0.99 0.44 56 1808  Nerol 1.64 0.73
39 1506  2-Acetyl furan 0.25 0.11 57 1816  (E,E)-2,4-Decadienal 0.82 0.37
40 1513  (E)-2-Ethyl hexen-1-ol 1.56 0.70 58 1821  3-Methyl butyl decanoate 0.48 0.21
41 1524  Benzaldehyde 10.99 491 59 1857  Geraniol 3.98 1.78
42 1531  2-Isobutyl-3-methoxypyrazine 2.48 1.11 60 1863  Neryl acetone 0.36 0.16
43 1539 (E)-2-Nonenal 1.58 0.71 61 1867  Guaiacol 0.78 0.35
44 1553 Linalool 21.84 9.76 62 1939  Phenethyl alcohol 0.36 0.16
45 1589  Dimethyl sulfoxide 1.59 0.71 63 1992  B-Tonone 3.17 1.42
46 1608  (E)-Sabinenehydrate 1.03 0.46 64 2003  (Z)-Jasmone 777 3.47
47 1633  Citronellyl formate 1.98 0.88 65 2143  Farnesol 2.28 1.02
48 1668  (E)-B-Farnesene 0.84 0.37 66 2203  nonanoic acid 40.49 18.09
49 1704  a-Terpineol 4.58 2.04 67 2250  3-Acetylanisole 2.58 1.15
50 1722 (E)-2-Nonen-1-ol 0.59 0.26 63 2258  Methyl heptadecanoate 1.24 0.55
51 1761  2-Methyl acetophenone 0.33 0.15 69 2278  Ethyl heptadecanoate 0.64 0.29
52 1777 2,6-Nonadien—1-ol 0.65 0.29 70 2463  1H-Indole 2.52 1.13
53 1781  Methyl salicylate 16.65 7.44 Total 223.87 100
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Fig. 39. GC/MS chromatogram of volatile flavor components in green paprika.

Table 50. Relative content of functional groups in identified volatile components
from improved green pepper

Functional group No Area%
Acids 2 34.2
Alcohols 9 4.0
Aldehydes 6 6.7
Esters 7 16.9
Ketone 10 13.7
Nitro compounds 5 9.9
Sulfur compounds 3 3.1
Terpenoids 14 10.7
Miscellaneous 3 0.9

Total 59 100




Table 51. Volatile components identified in green paprika

No RILY Compound name mg/kg % No RI Compound name mg/kg %
1 809 Ethyl formate 0.90 0.41 31 1335 2,6-Dimethyl pyrazine 2.25 1.02
2 906 Ethyl acetate 25.29 11.49 32 1361 1-Hexanol 0.29 0.27
3 926 2-Methyl butanal 1.93 0.38 33 1391  2,3-Octanedione 8.32 3.87
4 930 3-Methyl butanal 3.23 1.47 34 1454 Acetic acid 2.39 1.09
5 950  Ethanol 1.27 0.58 35 1465  Furfural 333 1.60
6 978 2,3-Butanedione 0.06 0.03 36 1482 Diallyl disulfide 3.30 1.30
7 1022 a-Pinene 0.77 035 | 37 1484  2-Nonen-4-one 3.34 1.74
8 1032 2-Butanol 034 0I5 38 1495  a-Copaene 0.33 0.27
9 1066  Camphene 0.75 034 1 39 1496  2-Ethyl-1-hexanol 141 0.64
10 1074 Dimethyl disulfide 052 0244 4o 1513  (E)-2-Ethyl hexen-1-ol 232 105
11 1083  1-Hexanal 0.30 014 Il 41 1524  Benzaldehyde 461 2.09
12 1111 Butyl acetate 0.53 024l 4o 1531 2-Methoxy-6-methylpyrazine 3.75 170
13 1127 3-Penten-2-one 0.57 0.26 43 1553 Linalool 157 508
1: ﬂgg ;ﬁ}li/i];i:eene gzg 84113 44 1588 (E)-a-Bergamotene 0.37 0.17
16 1176 5-Methyl-3-hexen-2-one 109 050 j: ﬁgi éigsg?;‘ﬂfomate gji ?Z;
17 1184 2-Heptanone 3.03 1.38 ) ” ’
18 1188 Pyridine 10.80 491 47 1704 a*Terpmeo.l 0.53 0.24
19 1197 Limonene 268 122 48 1781 Methyl salicylate 493 2.24
20 1207 -Phellandrene 401 1.82 49 1804 Methyl tetradecanoate 3.3 1.60
21 1214  3-Methyl-1-butanol 038 o017 [ °0 1816 2-Tridecanone 0.67 0.30
22 1219 (E)-2-Hexenal 1.20 054 | °1 187  Geraniol 0.73 0.33
23 1233 2-Pentyl furan 0.56 025 || 92 1867  Guaiacol 1.04 0.47
24 1233 Acetic anhydride 1.09 050 | °3 1991 S-lonone 0.90 041
25 1254 (E)-B-Ocimene 2.94 134 || 54 2003 (2)-Jasmone 1.36 085
2 1258 1-Pentanol 0.75 0.34 55 2203 Nonanoic acid 72.92 33.13
27 1271 Methyl pyrazine 0.84 0.38 56 2250 3-Acetylanisole 3.84 1.74
28 1281 Methyl 2-propenyl disulfide 2.95 1.34 o7 2258  Methyl heptadecanoate 045 0.20
29 1301 3-Hepten-2-one 6.64 3.02 58 2277 Ethyl heptadecanoate 1.49 0.68
Ls.” 1313 n-Butyl benzene - - 59 2462 1H-Indole 4.06 1.85
30 1327 (Z)-2-Penten—1-ol 0.60 0.27 Total 220.10 100

1 - .
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Fig. 40. GC/MS chromatogram of volatile flavor components in yellow paprika.

Table 52. Relative content of functional groups in identified volatile components
from improved green pepper

Functional group No Area%
Acids 1 14
Alcohols 3 9.3
Aldehydes 5 7.6
Esters 7 29.5
Ketone 9 12.8
Nitro compounds 4 11.7
Sulfur compounds 3 4.2
Terpenoids 22 23.0
Miscellaneous 2 0.7

Total 56 100




Table 53. Volatile components identified in yellow paprika

No RILY Compound name mg/kg % No RI Compound name mg/kg %
1 905 Ethyl acetate 37.68 23.58 29 1496 2-Ethyl-1-hexanol 0.84 0.33
2 926 2-Methyl butanal 2.02 1.26 30 1512 (E)-2-Ethyl hexen-1-ol 2.11 1.32
3 930 3-Methyl butanal 3.49 2.18 31 1524 Benzaldehyde 3.72 2.33
4 949 Ethanol 11.94 7.47 32 1530 2-Methoxy-6-methylpyrazine 0.35 0.53
5 980 2,3-Butanedione 1.53 0.96 33 1553 Linalool 1.91 1.19
6 1022 a-Pinene 1.55 0.97 34 1559 Linalyl acetate 0.99 0.62
7 1066 Camphene 3.67 2.29 35 1584 Bornyl acetate 0.58 0.36
8 1110 Butyl acetate 0.43 0.27 36 1589 Dimethyl sulfoxide 0.69 043
9 1127 3-Penten-2-one 0.37 0.23 37 1591 B-Elemene 0.38 0.36
10 1165 B~-Myrcene 1.41 0.88 38 1600 2-Undecanone 0.53 0.33
11 1187 Pyridine 14.55 9.10 39 1607  4-Terpineol 223 1.41
12 1197 Limonene 3.80 2.37 40 1633 Citronellyl formate 3.57 2.23
13 1207  B-Phellandrene 8.50 5.32 41 1648 Menthol 1.59 0.99
14 1210 1,8-Cineole 1.44 0.90 42 1665 2-Furanmethanol 0.23 0.14
15 1233 2-Pentyl furan 0.51 0.32 43 1699 Ocimenol 0.40 0.25
16 1270 Methyl pyrazine 1.94 1.22 44 1703 a—Terpineol 0.97 0.60
17 1275 (E)-3,5-Dimethyl-1,6-octadiene 0.55 0.35 45 1723 a-Zingiberene 0.73 0.45
18 1281 Methyl 2-propenyl disulfide 1.26 0.79 46 1731 Nerol 0.21 0.13
19 1301 3-Hepten—2-one 4.24 2.65 47 1777 a-Curcumene 0.43 0.27
Ls” 1313 n-Butyl benzene - - 48 1780 Methyl salicylate 2.74 1.72
20 1327 2,5-Dimethyl pyrazine 0.69 0.43 49 1804 Methyl tetradecanoate 3.00 1.33
21 1334 2,6-Dimethyl pyrazine 1.45 0.91 50 1813 2-Tridecanone 1.38 0.99
22 1391 2,3-Octanedione 4.17 2.61 51 1989 B-lonone 0.81 0.51
23 1453 Acetic acid 2.20 1.38 52 2126 2-Hexadecanone 0.65 0.40
24 1464 Furfural 2.62 1.64 53 2151 Ethyl pentadecanoate 0.58 0.36
25 1468 Menthone 0.35 0.22 54 2249 3-Acetylanisole 3.78 3.62
26 1482 Diallyl disulfide 4,74 297 55 2258 Methyl heptadecanoate 0.82 0.51
27 1484 2-Nonen-4-one 1.60 1.00 56 2277 Ethyl heptadecanoate 1.33 1.15
28 1494 a-Copaene 0.16 0.10 Total 159.82 100

T T T
"Retention index,

“Internal standard
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Fig. 41. GC/MS chromatogram of volatile flavor components in red paprika.

Table 54. Relative content of functional groups in identified volatile components
from red paprika

Functional group No Area%
Acids 1 14
Alcohols 4 6.8
Aldehydes 6 8.2
Esters 5 34.1
Ketone 12 18.0
Nitro compounds 6 11.7
Sulfur compounds 4 34
Terpenoids 12 14.7
Miscellaneous 3 16

Total 53 100




Table 55. Volatile components identified in red paprika

No R.ILY Compound name mg/kg % No R.I. Compound name mg/kg %
1 808 Ethyl formate 2.99 1.72 28 1327  2,5-Dimethyl pyrazine 1.01 0.58
2 904 Ethyl acetate 48.02 27.54 29 1333 2,6-Dimethyl pyrazine 1.24 0.71
3 910  1,1-Diethoxy ethane 1.24 0.71 30 1391  2,3-Octanedione 13.74 7.88
4 925  2-Methyl butanal 1.18 0.68 31 1453 Acetic acid 2.50 1.43
5 929  3-Methyl butanal 3.38 1.94 32 1464  Furfural 273 1.57
6 948  Ethanol 553 317 | 33 1481 Diallyl disulfide 2.95 1.69
7 979 2,3-Butanedione 2.13 1.22 34 1483 2-Nonen-4-one 496 244
8 1021  a-Pinene 0.98 0.56 35 1494  a-Copaene 067 038
9 1059 23-Pentanedione 088 050 | 35 1495  2-Ethyl-1-hexanol 107 061
10 1065 Camphene 0.7 0441 37 1512 (E)-2-Ethyl hexen-1-ol 516 2.96
11 1073 Dimethyl disulfide 0.76 0.43 38 1523  Benzaldehyde 6.04 346
121082 Hexanal 070040 1 59 1537 9-Methoxy-6-methylpyrazine 093 053
13 1126  3-Penten-2-one 0.55 0.32 A0 1552 Linalool 078 0.45
o PRl b
42 1589  Dimethyl sulfoxide 0.27 0.15

16 1175  5-Methyl-3-hexen-2-one 0.63 0.36
17 1183 2 Heptanone 078 045 43 1600 2*Und§canone 0.39 0.22
18 1187  Pyridine 1450 831 44 1607  4-Terpineol 0.84 0.48
19 1197  Limonene 9238 137 45 1633  Citronellyl formate 6.77 3.88
20 1206 B-Phellandrene 317 181 | 46 1775 Acetamide 025 014
21 1218 (E)-2-Hexenal 0.30 0.17 47 1780  Methyl salicylate 6.28 3.60
29 1232 2-Pentyl furan 0.39 0.22 48 1803  Methyl tetradecanoate 1.48 0.85
23 1236 (2)- B~Ocimene 061 0.35 49 1813  2-Tridecanone 0.77 0.44
24 1253 (E)-B-Ocimene 1.11 063 || 50 1989  B-lonone 6.53 3.75
25 1269  Methyl pyrazine 2.49 1.43 51 2125  2-Hexadecanone 021 012
26 1281  Methyl 2-propenyl disulfide 1.89 1.09 52 2249 3-Acetylanisole 2.42 1.39
27 1300  3-Hepten-2-one 457 2.62 53 2277  Ethyl heptadecanoate 0.77 0.44
15”1313  n-Butyl benzene - - Total 17440 100

1 . .
'Retention index,

“Internal standard
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Fig. 42. GC/MS chromatogram of volatile flavor components in Mexican chili.

Table 56. Relative content of functional groups in identified volatile components
from Mexican chili

Functional group No Area%
Acids 1 0.2
Alcohols 14 53
Aldehydes 19 61.1
Esters 11 10.8
Ketone 14 25
Nitro compounds 2 0.3
Terpenoids 25 19.1
Miscellaneous 6 0.8

Total 92 100




Table 57. Volatile components identified in Mexican chili

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %
1 808 Ethyl formate 2.35 0.13 25 1234  2-Pentyl furan 3.59 0.20
2 882  2-Methyl furan 0.48 0.03 26 1248  (Z)- B-Ocimene 0.47 0.03
3 906  Ethyl acetate 28.88 1.57 27 1254 (E)--Ocimene 1.10 0.06
4 926 2-Methyl butanal 1.15 0.06 28 1258  1-Pentanol 1.79 0.10
5 930  3-Methyl butanal 2.54 0.14 29 1267  Dihydro-2-methyl-3(2H)-furanone 0.13 0.01
6 949 Ethanol 3.86 0.21 30 1271  Methyl pyrazine 111 0.06
7 955 3-Buten-2-one 0.23 0.01 31 1276  Hexyl acetate 0.43 0.02
8 961 2-Ethyl furan 0.48 0.03 32 1287  2-Octanone 0.19 0.01
9 981 2,3-Butanedione 1.47 0.08 33 1301  3-Hepten—-2-one 2.05 011
10 983  1-Pentanal 160 009 |1S” 1314 n-Butyl benzene - -

11 997 2-Methyl-3-pentanone 0.58 0.03 34 1319  2,6-Dimethyl-5-heptenal 1.80 0.10
12 1022  1-Penten-3-one 1.68 0.09 35 1322 4-Methyl-1-pentanol 2.38 013
13 1039  4-Methyl-1-penten—-3-one 1.22 0.07 36 1326 (Z2)-2-Penten-1-ol 2.54 0.14
14 1060  2,3-Pentanedione 0.97 0.05 37 1340  6-Methyl-5-hepten—-2-one 271 0.15
15 1083  1-Hexanal 6.56 0.36 38 1385  Hexyl 2-methylbutyrate 0.65 0.04
16 1127  3-Penten-2-one 0.88 0.05 39 1391  (2)-3-Hexen-1-ol 0.87 0.05
17 1130  (E)-2-Pentenal 0.92 0.05 40 1432 (E)-2-Octenal 4,98 0.27
18 1142  o-Xylene 1.84 0.10 41 1454 Acetic acid 3.44 0.19
19 1166 ~ 1-Penten-3-ol 1.15 0.06 42 1465  Furfural 2.04 0.11
20 1184  2-Heptanone 0.29 0.02 43 1468  (E,Z)-2,4-Heptadienal 10.07 0.55
21 1188  Pyridine 4.31 0.23 44 1474 (E)-3-Undecene 7.53 0.41
22 1198 Limonene 2.64 0.14 45 1495  (E,E)-24-Heptadienal 17.27 0.94
23 1214  3-Methyl-1-butanol 1.13 0.06 46 1506  2-Acetyl furan 0.57 0.03
24 1219  (E)-2-Hexenal 2.85 0.16 47 1525  Benzaldehyde 14.75 0.80

1 . .
'Retention index,

“Internal standard
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Table 57. Continued

No R.IY Compound name mg/kg % No R.L Compound name mg/kg %
48 1540  (E)-2-Nonenal 3.31 0.18 71 1832 (E)-Anethole 0.96 0.05
49 1542 1-Octanol 273 0.15 72 1842 Dihydro-beta-ionone 2.87 0.16
50 1553 Linalool 3.92 0.21 73 1857  Geraniol 1.12 0.06
51 1592  B-Elemene 3.29 0.18 74 1862  Neryl acetone 23.38 1.37
52 1596  6-Methyl-3,5-heptadien—-2-one 3.18 0.17 75 1867  Guaiacol 0.89 0.05
53 1608  2,6-Dimethyl cyclohexanol 24.71 1.34 76 1872  Geranyl acetone 1.74 0.09
54 1614  Hexyl hexanoate 0.92 0.05 77 1881 Perilla alcohol 24.42 1.33
55 1626 B-Cyclocitral 11.99 0.65 78 1835  Benzyl alcohol 5.30 0.30
56 1630  2,4-Dimethyl heptanol 0.55 0.03 79 1940  Phenethyl alcohol 1.29 0.07
57 1634  Citronellyl formate 2.09 0.11 80 1995  B-Ionone 62.50 3.40
58 1648  Alloaromadendrene 2.61 0.14 81 2070 Pentadecanal 3.84 0.43
59 1651  Safranal 9.34 0.51 82 2107 B-Ionone epoxide 34.07 1.83
60 1698 y—Muurolene 4.33 0.24 83 2116  Methyl hexadecanoate 1425 0.78
61 1705  a-Muurolene 6.47 0.35 84 2143 Hexadecanal 745.10 40.54
62 1721  [B-Selinene 4.37 0.24 85 2250 3-Acetylanisole 30.05 1.63
63 1730  Valencene 33.26 1.81 86 2260 Methyl heptadecanoate 66.32 3.61
64 1736  Ethyl benzaldehyde 6.41 0.35 87 2265  Pentadecanol 22.96 1.23
65 1772  (E,Z)-2,4-Decadienal 22.11 1.20 88 2276  Ethyl heptadecanoate 44 60 2.43
66 1781  Methyl salicylate 3.99 0.22 89 2289  (2)-9-Octadecenal 193.34 1035
67 1806  Methyl tetradecanoate 3.14 0.17 90 2370  Dihydroactinidiolide 32.98 2.38
68 1810  Nerol 4.45 0.24 91 2331 (E,E)-farnesyl acetone 49.02 267
69 1818  (E,E)-2,4-Decadienal 77.35 421 92 2462  Methyl oleate 32.36 1.76
70 1824  1-Undecanol 25.68 1.40 Total 1337.79 100

1 . .
"Retention index
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Fig. 43. GC/MS chromatogram of volatile flavor components in Chinese chili.

Table 58. Relative content of functional groups in identified volatile components
from Chinese chili

Functional group No Area%
Acids 1 0.2
Alcohols 18 10.4
Aldehydes 18 19.7
Esters 13 22.7
Ketone 14 16.0
Nitro compounds 3 1.2
Terpenoids 27 27.2
Miscellaneous 7 25

Total 101 100




Table 59. Volatile components identified in Chinese chili

No R.IY Compound name mg/kg % No R.IL Compound name mg/kg %
1 809 Ethyl formate 1.67 0.13 27 1247  (Z)-B-Ocimene 0.26 0.02
2 883  2-Methyl furan 0.42 0.03 28 1254 (E)--Ocimene 0.26 0.02
3 906  Ethyl acetate 34.98 2.75 29 1258  1-Pentanol 2.27 0.18
4 927  2-Methyl butanal 1.52 0.12 30 1266 Dihydro-2-methyl-3(2H)-furanone 0.56 0.04
5 930 3-Methyl butanal 3.33 0.26 31 1270 Methyl pyrazine 1.31 0.10
6 949 Ethanol 12.31 0.97 32 1276  Hexyl acetate 0.61 0.05
7 955 3-Buten-2-one 0.26 0.02 33 1301  3-Hepten-2-one 4.35 0.34
8 960 2-Ethyl furan 075 006 [1S” 1314 n-Butyl benzene - -

9 981 2,3-Butanedione 2.97 0.23 34 1318  2,6-Dimethyl-5-heptenal 1.51 0.12
10 983 1-Pentanal 1.27 0.10 35 1322 4-Methyl-1-pentanol 10.87 0.85
11 998  2-Methyl-3-pentanone 1.53 0.12 36 1327  (Z)-2-Penten-1-ol 3.67 0.29
12 1022  1-Penten-3-one 2.27 0.18 37 1340  6-Methyl-5-hepten-2-one 2.59 0.20
13 1039  4-Methyl-1-penten—-3-one 3.63 0.28 38 1378  3-Tetradecene 0.47 0.04
14 1060  2,3-Pentanedione 1.83 0.14 39 1384  Hexyl 2-methylbutyrate 3.43 0.27
15 1083  1-Hexanal 2.87 0.23 40 1390  (Z2)-3-Hexen-1-ol 1.70 0.13
16 1096  2-Methyl propanol 0.37 0.03 41 1394  4-Methyl-3-penten—-1-ol 0.54 0.04
17 1127  3-Penten-2-one 1.14 0.09 42 1432 (E)-2-Octenal 4.16 0.33
18 1130  (E)-2-Pentenal 1.14 0.09 43 1454  Acetic acid 2.91 0.23
19 1142  o-Xylene 5.49 0.43 44 1465  Furfural 3.57 0.28
20 1166  1-Penten-3-ol 2.70 0.21 45 1467  (E,Z)-2,4- Heptadienal 5.40 0.42
21 1184  2-Heptanone 051 0.04 46 1472 Longipinene 3.18 0.25
22 1187  Pyridine 13.36 1.05 47 1474 (E)-3-Undecene 20.29 1.59
23 1198 Limonene 1.62 0.13 48 1486  a-Ylangene 9.94 0.78
24 1214  3-Methyl-1-butanol 5.15 0.40 49 1495 (E E)-2,4-Heptadienal 14.54 1.14
25 1219  (E)-2-Hexenal 4.46 0.35 50 1496  2-Ethyl-1-hexanol 6.59 0.52
26 1233  2-Pentyl furan 2.37 0.19 51 1524  Benzaldehyde 10.06 0.79

b T T
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Table 59. Continued

No R.LY Compound name mg/kg % No R.I. Compound name mg/kg %
52 1531  2-Isobutyl-3-methoxypyrazine 1.06 0.08 78 1841  Dihydro-beta-ionone 534 0.42
53 1536 5-Methyl furfural 0.92 0.07 79 1857  Geraniol 0.87 0.07
54 1539  (E)-2-Nonenal 1.36 011 | 80 1862 Neryl acetone 2651 2.08
95 1542 1-Octanol 1.57 012 | 81 1867 Guaiacol 171 0.13
56 1553 Linalool 411 0.32 82 1872  Geranyl acetone 1.55 0.12
57 1568 (E)-f-Caryophyllene 576 045 | 83 1880 Perilla alcohol 2327 183
o8 1592 S-Elemene 333 026 4 g4 1885  Benzyl alcohol 585 046
59 1595  6-Methyl-3,5-heptadien—-2-one 3.64 0.29 85 1939  Phenethyl alcohol 475 037
60 1607  2,6-Dimethyl cyclohexanol 10.67 0.84 6 1953 1-Dodecanol 518 041
61 1614  Hexyl hexanoate 0.57 0.04 7 1993 B-Tonone 5144 404
62 1625 ﬁ*Cy?locitral 8.03 0.63 88 2106 B-Tonone epoxide 19.52 153
63 1629 24-Dimethyl heptanol 082 006 1 a9 2114 Methyl hexadecanoate 1162 091
64 1633  Citronellyl formate 3.44 0.27 %0 2137 Hexadecanal 14551 11.42
65 1648  Alloaromadendrene 5.76 0.45 91 9143  Farnesol 19.20 151
66 1651  Safranal 11.60 0.91 ) : '
67 1670 (E)-B-Famesene 6.84 054 92 2214 6,10,14-Trimethyl-2-pentadecanone 95.64 7.51
63 1699 y-Muurolene 441 035 93 2224  Hexadecyl acetate 108.95 8.55
69 1752 1-Heptadecene 250 0.20 94 2250  3-Acetylanisole 82.83 6.50
70 1771 (E.Z)-24-Decadienal 478 0.37 95 2259  Methyl heptadecanoate 33.64 2.64
71 1781  Methyl salicylate 269 021 | 9% 2264 Pentadecanol 5306 416
72 1805 Methyl tetradecanoate 179 014 || 97 2275  Ethyl heptadecanoate 7031 552
73 1809  Nerol 3.30 0.26 98 2287  (2)-9-Octadecenal 22.64 1.78
74 1816  (E,E)-2,4-Decadienal 2256 1.77 99 2370  Dihydroactinidiolide 75.77 5.95
75 1820  3-Methyl butyl decanoate 8.21 0.64 100 2379  (E,E)-farnesylacetone 46.95 3.69
76 1823  Undecanol 4.06 0.32 101 2461  Methyl oleate 10.63 0.83
77 1832  (E)-Anethole 2.55 0.20 Total 1274.02 100

DRetention index
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Fig. 44. Comparison of total volatiles content in Capsicum sp..
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Table 60. Comparison of relative content of functional groups in Capsicum sp.

Improved

Red Hot red green Gregn Yellgw Req Mex%c‘an Chin.e.s e
Functional group Pepper pepper pepper paprika paprika paprika chili chili

No % No % No % No % No % No % No % No %
Acids 2 252 1 12 2 198 2 342 1 1.38 1 143 1 0.2 [0l
Alcohols 8§ 42 12 80 12 72 9 40 3 93 4 68 14 53 ¥ 104
Aldehydes 16 287 20 322 11 119 6 6.7 5 76 6 82 19 6l1. 1B 197
Esters 7 57 16 251 7 20.7 7 169 7 295 5 341 11 103 13 227
Ketone 10 50 19 59 9 88 10 137 9 128 12 180 14 23 1 164
Nitro compounds 3 13 3 06 3 35 5 99 4 11.7 6 11.7 2 013 i 1.

Sulfur compounds - - - - 4 37 3 31 3 4.2 4 34 -

Terpenoids 21 292 22 248 19 235 14 107 22 230 12 147 25 191 21 271
Miscellaneous 3 08 9 22 3 08 3 09 2 07 3 16 6 038 T 29
Total 70 100 102 100 70 100 59 100 56 100 53 100 92 100 10l 100
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