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ABSTRACT

Analysis of Capsaicinoids content of Red pepper
powder, Gochujang and Kimchi in South Korea

Dang, Yun Mi

Advisor : Prof. Kim, Kyong Su, Ph.D

Graduate School of Natural Sciences

Depar tment of Food and Nutrition, Chosun University

This study aims to analyze Red pepper powder, Gochujang (Korean
traditional red pepper paste) and Kimchi for major contents of
capsaicinoids (capsaicin and dihydrocapsaicin). A total of 445
samples including Red pepper powder (101), Gochujang (120), Kimchi
(121) and sliced Kimchi (103) were receiving the support of
manufacturers of related products in South Korea and analyzed by
High Performance Liquid Chromatography (HPLC).

The analytical method was validated by quality assurance parameters
including precision, accuracy, LOD (Limits Of Detection), LOQ
(Limits Of Quantitation). Satisfactory results were obtained for
qual ity assurance in accordance to specified criteria of Association
of Official Analytical Chemists (AOAC) for analytical methods which
proved the applicability of analytical technique followed for
capsaicinoids analysis in the commercial red pepper products.

The concentration ranges of capsaicinoids were highest for red
pepper powder (4.18 - 3215.41 mg/100g); followed by Gochujang (0.05
- 23.20 mg/100g), Kimchi (0.05 - 1.16 mg/kg) and sliced Kimchi (0.07
- 0.88 mg/kg). In addition, as a result of comparing the production
areas of each product, the red pepper powder was the southern
Jeollanamdo and Chungcheongnamdo, the Gochunjang was Jeol lanamdo,
the Kimchi and the sliced Kimchi showed the highest pungent content

- viii -
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in Gwangju city. In addition, we were able to confirm the
significant results in Gochujang, kimchi and sliced Kimchi. Based on
these results, it contributed to presenting objective criteria by
grasping the pungency level of food containing peppers. This
research reported valuable characteristics of red pepper products;
Gochujang, Red pepper powder and Kimchi and sliced Kimchi can be
applied for human well beings around the wor Id.
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Table 1. Status of commonly consumed food

Intake amount  Standard error Ratio

Rank Foods
(9) (g) (%)
1 Polished rice 151.72 2.17 9.55
2 Mi Ik 66.74 2.43 4.20

Kimehi,
. . 62.50 1.43 3.93

Cabbage kimchi

4 Beer 61.43 4.85 3.86
5 Apple 53.96 2.85 3.39
13 Red pepper 27.37 0.87 1.72

Source : KHIDI, National nutrition statistics , 2016
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Table 2. Status of import and export of Gochugang

[mpor t Expor t

Year Amount Weight Unit price  Amount Weight Unit price

(1,000 $) (ton) ($/ka) (1,000 $) (ton) ($/ka)
2012 23,707 10,022 2.37 247 471 0.52
2013 24,318 10,458 2.33 196 311 0.63
2014 28,742 11,583 2.48 199 271 0.73
2015 28,273 12,492 2.26 130 167 0.78
2016 31,329 14,011 2.24 154 196 0.79

Source : Korea International Trade Association

Table 3. Status of import and export of Kimchi

[mpor t Expor t

Year Amount Weight Unit price  Amount Weight Unit price

(1,000 $) (ton) ($/ka) (1,000 $) (ton) ($/ka)
2012 106,608 27,664 3.85 110,842 218,844 0.51
2013 89,277 25,631 3.48 117,430 220,218 0.53
2014 84,033 24,742 3.40 104,396 212,938 0.49
2015 73,543 23,111 3.18 113,237 224,124 0.51
2016 78,900 23,494 3.36 121,485 253,432 0.48

Collection @ chosun
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Ol0l OHES8F HIZF 2l capsaicin & dihydrocapsaicin &&= 0|2st HSS¢
=489 HASIE X Z2UE TEECEZM OH T2AEAE L EAIN JldGk
QoM st et 2 HAFUAE Al fFE510 Uses DFTIFE, I8, 2
JIZX & SHAXI2 capsaicin & dihydrocapsaicin &2 24560 OHSS¢
s=2 MAl € ZAlGt=0 B XNEE HSot QA SEACH
Table 4. Current situation of whether marking Hot spicy grade at
processed red pepper products

Red pepper ) ) ) sliced
Gochujang Kimehi ) ) Total
powder Kimchi
N 101 120 121 103 445
N? 23 0 1 ) 26

1)N: Number of total red pepper products

Z)N : Number of marking Hot spicy grade at products
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Fig.1. Characteristic of Capsaicinoids structure.
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Table 5. Characteristic of Capsaicinoids structure

Name

Structure

Capsaicin

Dihydrocapsaicin

Norcapsaicin

Nordihydrocapsaicin

Homocapsaicin

Homod ihydrocapsaicin

N-Vanillyloctanamide

0
H3CO N Jj\/\/\/\l/CI_h
H
CH3
HO
0
H
3CO@/\NM
H
HO

CHs
CHs
0 CHs

HSCO:Q/\NJ\/\/\)\CHs

H
HO
0 CHs

H /u\/\/\)\
3CO©/\ N Ehe
H
HO
0]

H
3COKJ/\ N
H
HO
H
3CO:<)/\N
H
HO
H
SCO@ﬂ N
H
HO

é

CH,

T

0 CHs

|

CHy

O

|

CH3
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Lt. SHUSl &2

A3DY XI==(Scoville Heat Unit; SHU)= DE=F(Capsicum F)2 22U =&
olLt Xi= 8 s&ole SZM 8 AL (Wilbur Scoville)ol 2laf JHE
T 19 0182 @ Ae=Z AN UL MY =Jlde 2s HAEZ HE A
20l D230l Sl= HE2IIIe 22 HIFIE HFGINE HE 028 £ 1
F =22 3460 EF G 5% 0lA0l 22 SIIX 2 WXLl Hig
S SHUZ HOI5HICH. (46)

Z20= HPLC(High Performance Liquid Chromatography)S  AtE3dtN
capsaicinoidsE HEGIH 2406t0f ADY X+E Hitctse YEHES AIE25tD U
Ct. Ol =8 ZAI2 0IEdH HAGIH 2= Lit6te ast280] €2 UWe 8%
Off Blellotd M<RAE SA0ICH 28 ADEY XI=JF 0 - 5,000 ™ 2O =2 &
T JI&ES Mild ==22 20, 5,000 - 20,000= Medium, 20,000 - 70,0002
Hot, 70,000 - 300,000 Extremely Hot2@& HEI[& 1D QUCE. (46)
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H 2 &2 2% H3e =S8 € S4

= 22lLetiliA HAF S e E2 MEHEES XXotH =8 190E

2HIZ0l SO0 et O AlEE =isn AL =2 =X0AM HoHE o

JI&i20l et THERH A o MAreko] Z2EXH0I0F 2 A LIEHCH(47,48).

Table 701 22 2016@ 8t=2 &= 32,179 hall HHONA L=Z IHbH
&

UCH BH=5I 7,426 hag2 JtE Aot 1 FIE det

~

ol

oc

4 , a, 35K 3,022 ha, &
2,110 ha, &JI% 2,076 hatt FMOICH. D=2 10
=HOZ 266 kg0l MHHHEIU2H, SHEZUMM EZ 301
kg2 10 a & Jt& 2 IS MAGIALH. 20168 X8 DF°| THHHEHA
2 20159 XIEE8 O=° MEHHEAON Hlol 8= HBIZHOZ 6.8%)F SHSU2
H, NSSEEAl & 67% AHZAAMUAM= 2 35%, BIIZ0A 2F 25%, ot
AAMOUME 18%2 MHHHHZHO| ZAGHACEH. 0 HioH ZF=ZSAIUHAE 20154
Ol HlohH 2016 <F 50%2 MEHEHZXHO0| SItotA2M, &Het= of 13%, MSES
SAXIAL F 9%, 2ESHAl 2 8%, ZEZO0AM = 7%2 D=2 HEBHHAEO &
JIotRUCH. 8=2 10 a & dataEz2 201580 HlwotH 20169 =M Z <
6%t ZACHALH, MSSEAl 2F 13%, HEAT = 13%, FIIE < 1%, &t
SE 9F 8% WHAZIAINAM < 8% H& 2ok CH 0 2ol Z=Z A0
A 201501 BloH F 6%2 10 a & &S0l SIotALH, HEZS Al 2 6%,
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Source : KOSTAT, 2016
Fig.2. Cultivation area and total production of Red pepper in last 10 years.

Table 6. Average price of dried Red pepper each yearly basis

(unit : won/kg)

Year 10 11 12 13 ‘14 ‘15

Average

X 10,711 17,898 20,791 13,187 12,166 13,632
price

Source : Kostat, 2016
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Table 7. Cultivation area and total production of Red pepper by region

Cultivation area Production per 10a Production
(ha) (kg) (ton)
15 16 PC(%)  '15 16 PC(%) 15 16 PC(%)
Korea 34,514 32,179 6.8 283 266 6.0 97,697 85,453 -12.5
Seoul 24 8 -66.7 257 223 -13.2 62 18 -71.0
Busan 61 5 -18.0 259 270 4.2 158 185 -14.6

Deagu 109 118 8.3 238 219 -8.0 259 258 -0.4
Incheon 606 393 -356.1 226 225 -0.4 1,31 885 -35.4
Gwangju 84 126 50.0 205 217 5.9 172 273 58.7
Sejong 78 85 9.0 216 220 1.9 169 187 10.7
Daejeon 157 149 5.1 278 294 5.8 437 438 0.2
Ulsan - 182 - - 248 - - 452 -
Gangwon 2,635 2,809 6.6 257 223 -13.2 6,767/ 6,255 7.6
Gyeonggi 2,780 2,076 -25.3 252 224 -11.1 7,009 4,651 -33.6
Chungbuk 3,168 3,022 -4.6 263 264 0.4 8,33% 7,971 -4.4

Chungnam 3,623 3,308 -8.8 316 301 -4.7 11,433 9,937 -13.1
Jeonbuk 4,324 4,909 13.5 310 284 8.4 13,421 13,922 3.7

Jeonnam 6,194 5,366 -13.4 283 264 -6.7 17,535 14,171 -19.2

Gyenogbuk 8,387 7,426 -11.5 289 271 6.2 24,214 20,111 -16.9
Gyenognam 2,234 2,110 5.6 279 269 -3.6 6,239 5,680 9.0
Jeju 50 47 6.0 232 232 0.0 116 109 6.0

"PC : Percentage change Source : KOSTAT, 2016
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Table 8. Scale of domestic Kimchi market in Korea

Sortation 2010 2011 2012 2013 2014 2015

Total Kimchi market

o 23,321 23,806 23,987 24,151 23,750 23,886
(hundred million)

Product Kimchi market 11,239 11,682 11,932 12,173 12,236 12,300

Home(Manufacturing) market 12,082 12,124 12,055 11,979 11,515 11,586

Total Kimchi market

1,238 1,231 1,210 1,204 1,198 1,192
(1,000 ton)

Product Kimchi market 487 488 493 500 513 511

Home (Manufactur ing) market 750 744 718 705 685 682

Source : Food Journal, 2016 Food Distribution Almanac
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Table 9. Production, domestic sales and exports of Red pepper powder,
Gochujang and Kimchi
Red pepper powder Gochujang Kimchi
Domest Domest Domest
Region Produc ) Export  Produc ic Export  Produc ic Expor t
tion sales S tion sales S tion sales S
(T (M (T) (M (T) (M
() (T) (T)
139,26 117,30 336,89 311,51
Total 52,572 49,912 2,067 11,712 21,688
1 5 6 2
Seoul 2,068 1,931 - 4 5 - 1,846 1,833 30
Busan 1,325 1,323 - 1,715 1,698 14 7,218 7,105 -
Deagu 1,513 927 330 1,849 1,842 5 3,862 3,506 -
Incheon 1,645 1,639 - 2 1 - 12,170 11,710 26
Gwangju 301 296 - 78 73 0 2,195 2,108 -
Sejong 510 506 - 132 129 - 5,712 5,681 -
Deajeon 517 537 - 1 7 - 3,044 2,341 444
Ulsan 487 479 - 1,227 649 - 278 283 -
Gangwon 13,077 12,233 451 6,418 6,049 360 91,038 90,820 655
Gyeonggi 933 908 7 1,180 1,168 0 33,733 33,536 82
Chungbuk 9,714 8,336 871 7,456 6,664 1,157 57,441 52,414 4,209
Source : Ministry of Food and Drug Safety, Production of Food and Food Additives, 2015
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_20_



Table 9. Continued

Red pepper powder Gochujang Kimchi
Region Product  Domest Product  Domest Product ~ Domesti
. Expor ts . Expor ts . Expor ts
ion c sales M jon c sales M jon c sales M
(T) (T) (T) (T) (T) (T)
Chungnam 5,270 5,070 1 50,440 39,990 4,051 35,279 34,268 1,010
Jeonbuk 3,356 3,766 - 58,880 49,767 5,903 10,167 9,458 41
Jeonnam 3,470 3,474 - 2,883 2,469 212 7,895 6,091 1,061
Gyeongbu
K 6,612 6,206 392 4,582 4,426 6 29,072 25,177 3,620
Gyeongna
0 1,499 2,014 6 2,397 2,366 5 32,254 21,537 10,475
Jeju 273 267 - 7 5 0 3,692 3,647 35
Source : Ministry of Food and Drug Safety, Production of Food and Food Additives, 2015
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Table 10. Number of samples divided by production area

Number fed pepper Gochujang Kimchi S! iceq

powder Kimchi
Gyeonggi 118 20 26 39 33
Chungbuk 56 17 Al 15 13
Chungnam 44 11 13 11 9
Gyeongbuk 7”7 34 26 9 8
Gyeongnam 29 6 4 13 6
Jeonbuk 45 6 27 6 6
Jeonnam 29 7 6 8 8
Gangwon 21 - 7 7 7
Daejeon 11 - - 5 6
Gwangju 15 - - 8 7
Total 445 101 120 121 103

- 23 -
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Fig.3. Picture of Red pepper powder, Gochujang and Kimchi .
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Ok
A0 Al2st 2E AY ¥ E=2ZEE2  Sigma(USA)AFeE  Fisher
Scientific(USA)AI2EE PUGIUCH. == <ol AF2E methanol 2t ethanol

JelD 3X% ZF84= 25 Fisher Scientific(USA)AFSl HPLC E2& R 6HN
(0]

ol

A2oILH. E=SZ& 9 capsaicindt dihydrocapsaicin 25 Sigma(USA) A2
HPLC grade water2 3|A&at0d M ZXotSHLCH.

2

NZ= ~0Hot

3. 240]0]
Capsaicinoid® A=2 &clotdl 9ot High Performance Liguid
Chromatography(HPLC; Shimadzu, Japan)@t FLD ZZEDJI(RF-20A, Shimadzu,

Japan)E AIE35IACtH.

Fig.4. Picture of HPLC(High Performance Liquid Chromatography).
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20 mL VialOl glass bead 3 € 2t = 425 pmll ME Sst AFIZE AME
0.2 gOll methano!l 15 mLE &HJIoIRLCH. 90C =22 water bathUlAM 2A12 =
1% = = 25z

= =
CZF AZoIRLCH, =

=

o

ol 0.2 um sylinge filter2 st OIS AlEE2H
W2 Fig. 50 LIEFHALCE.

mL vialOll glass bead 38€ Z1 11 {0 LA XHE Whatman No. 22
s 1O {0 D=& Al 0.2 gt methanol 15 mLS EJIGIGCH 0l &Y
2 NFIN2Y SLotH NEstALCEH.
Ch. 2 X

2 B A= SN S SFFZ BALES Ao = 2 mm Aol 2
oL

AZ St ALEH.
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Measuring samples to 0.2 g
(Red pepper powder samples must using 425 um sieve.)

&
Add methano!(99.5%) 15 mL
&

Water bath 90C heating 2 hr

e Cool ing

Transfer to 25 mL Mass flask
&
Using Methanol (99.5%) 25 mL make up
&

0.2 um syringe filteration

4

HPLC analysis

Fig.5. Scheme of capsaicinoids extraction and analysis in Red pepper powder

and Gochujang.
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Pretreatment
Sample (Only Red pepper  Measuring weight Extraction
powder )

. Preparing .
Constant volume and filter . HPLC analysis
analysis

Fig.6. Process of extraction and analysis of Red pepper powder and

Gochujang.
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Add water equal to the weight of the sample (1:1)

4

Wash cabbage

4

The solution was filtered through 2 mm sieve

4

Add a magnetic bar (5x1 cm) and measure 10 mL (10 g) of the sample
solution from the bottom of the beaker while stirring at a speed of 150
rom on the stirrer

&
Add Ethanol(95.0%) 40 mL to the flask, and then 85C reflux extraction f
or 2h.

&4 Cool ing

Using Ethanol (95.0%) 50 mL make up

& Vor texing

0.2 um syringe filteration

O

HPLC analysis

Fig.7. Scheme of capsaicinoids extraction and analysis of Kimchi.
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Sample Measure weight Pretreatment 1

. Constént voiume .
Pretreatment 3 Extraction . HPLC analysis
and filter

Fig.8. Process of extraction and analysis of Kimchi
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2. Capsaicinoid®s 42 =4
Jb. HPLC 21D] =A

Capsaicinoidg A2S 245tJ| ol HPLC (Shimadzu, Japan)Oll ZORBAX
X

Eclipse XDB-C18 (3.0 75 mm, 3.5-Micron, Japan) Z&E S =5 S 0|sS4

2 AZ00 1% acetic acid(in HPLC water)2t BZ0H acetonitrileS AIZ06HH
table 1101l XMIAISt gradient =242 Z 0.8 mL/min2 |02 EC/8HAN 24
L. AMEE 10 pL =00 FLD detector (RF-20A, Shimadzu, Japan)Z& &

ot ACt.
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Table 11. HPLC condition for capsaicinoids analysis

Instrument LC-VP (Shimadzu, Japan)
Column Zorbax Eclipse XDB-C18 (3.0 x 75 mm, 3.5-Micron)

Injection volume 10 pL

Flow rate 0.8 mL/min
Detector FLD (RF-20A, Shimadzu, Japan)
Column
30C
temperature

— Mobile phase A : 1% acetic acid in H0
- Mobile phase B : Acetonitrille

Flow condition

Time Flow rate Mobile Phase

Mobile program (min) (mL/min) A(%) B(%)

(Gradient) 0.0 0.8 60 40
12.40 0.8 60 40
12.50 0.8 5 95
17.00 0.8 5 95
17.10 0.8 60 40
25.00 0.8 60 40
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Lt. Capsaicinoid®2l A&t

SignaAt2 28 RSt capsaicindt dihydrocapsaicin E=E2 =
methanol il oot 100 mg/kg stock solutions MZSIFLCH. HE=HE
100 mg/kg® stock solutionS methanolZ =JF sI&6HH 5, 0.5,

0.2
2.0, 3.0, 4.0 ¥ 6.0 mg/kgS =2 HM=ZGIH 7 point EEZSEHS &
o

a6 s AH6t Mo, E=EMO| retention timelt HlW
< =

capsaicin ¥ dihydrocapsaici SHOIH AdZFHO=ZE2H 28 Al

V00, 000)

Dihydrocapsaicin
ity
Capsaicin

0 H—— : j‘._ — e jl_ . . e : : —
0 i 20 10 i i il 70 80 a0 min

Fig.9. Chromatogram of capsaicin and dihydrocapsaicin standard.
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Fig.10. Calibration curve of capsaicin and dihydrocapsaicin.
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Table 12. Spicy taste grade of products of KS standard

Red Pepper powder

. . ) Extreme
5 grade Mild Hot Slight Hot Medium Hot Very Hot Hot
Capsaicinoids
(ppm) < 150 150=<x<300 300=x<B500 500=x<1,000 < 1,000
Gochujang
. . ) Extreme
5 grade Mild Hot Slight Hot Medium Hot Very Hot Hot
GHU" < 30 30=<x<45 45<x<75 75<x<100 < 100
Kimchi
3 grade Mild Hot Medium Hot Extreme Hot

Capsaicinoids
<4.0 4.0=x<12.0 < 12.0
(ppm)

"GHU(Gochujang Hot taste Unit) : Capsaicinoids (mg/kg) x 0.769

Source : Korea Industrial Standards
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[Spicy taste grade of Gochujang]
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[Spicy taste grade of Kimchi]

Fig 11. Visualization of Spicy taste grade of products
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Table 13. Method validation of Red pepper powder, Gochujang and Kimchi

(unit : mg/kg)

Red pepper powder Gochujang Kimchi

cAP" DHC? CAP DHC CAP DHC

Samp le—1 24.46 14.76 6.71 4.33 1.16 0.78
Samp le-2 24.88 14.98 6.75 4.33 1.18 0.79
Sample-3 24.67 14.89 6.75 4.36 1.23 0.82
Samp le—4 24.91 15.89 6.71 4.34 1.22 0.82
Sample-5 24.91 15.55 6.76 4.33 1.22 0.82
Samp le—6 24.77 14.96 6.78 4.31 1.16 0.78
Samp le-7 24.99 14.9 6.74 4.25 1.18 0.83
Average 24.80 15.13 6.74 4.32 1.19 0.81
SD 0.18 0.42 0.02 0.03 0.03 0.02
CV(%) 0.74 2.77 0.35 0.78 2.51 2.70
LOD 2.43 9.13 1.17 2.59 8.27 8.90
L0Q 7.36 27.68 3.54 7.84 25.07 26.98
R° 0.9987 0.9812 0.9979 0.9909 0.9916 0.9899
Recovery (%) 104.2 102.2 99.7 99.4 101.3 105.3

CAP : Capsaicin
2DHC : Dihydrocapsaicin

_41_

Collection @ chosun



. HS =€

ey,

EEayw

& Capsaicinoid® A2 H?

=  ARBO ABE

’

nEF

=
=)

capsaicinit dihydrocapsaicin®
MAEH S =Z
=MoL

—=0

o

Ex

o o

=
=

i

]

==Z 2 capsaicin

2
S

F(Table 1

=
[

dihydrocapsaicine 12.83 mg/100g0| A} 12
mg/100g, dihydrocapsaicin 2.29 mg/100g,

0.20 mg/100g, dihydrocapsaicin 0.13

1 g=A=)
[=jk< Jym—

dihydrocapsaicin
Ct.
Xl > Sr2X

HEY capsaicinoid®2
=0
= Al 2}
SOl A

dihydrocapsaicin

I
=
o=
—

Z 10H(52)

=2
=
=2
=

22k
=
[S1=2s

o

= 029 XI£=9Ql SHU(Scoville Heat Unit)& &

al

=<

JIZBX, SrZ XL
2).

DEII=Z9 capsaicin
.18

Capsfcum
JIVE [

O o o

ol
o

dXcl = HPLCZ
LIEFLHR 20 1O

2

o
o
o

ol

—/

|0

=5
2 ROHU

om

=2
=

2
=

Mo o
ol

o
e
_O'j

dihydrocapsaicin2l 4

al

=<

=

dihydrocapsaicin2|
&2 22.53 mg/100g,

oo
capsaicin

| capsaicin
H
o
N =)
T O
EIIZ XS
mg/100g0| A 2

mg/100g,

ni

capsaicin

A X2 capsaicin

1 mg/10099§ Solg

annuum capsaicin

[S1=As

0l 0.706 mg/g, Capsicum 0l

capsaicin A28t2 24510 0.53 ~ 19.73 mg/gl SIS LIEIH 242 2156}

A} (53) Ot&EIIXIZ Capsicum BUIA capsaicin2tE E4&8H 21k 186.1 ~ 540

mg/100g2 & O =2 22 B ACHDB5). Capsicum annuum Z2| capsaicinit

dihydrocapsaicinel &4 Z1t 22+ 39 ~ 130723t 42 ~ 627 ppm2 HRIE LIE

W 2 ZU20 25 =2 ZUYsS SoIGHACHS4). &&0I(56)0 =
- 42 -

Collection @ chosun



DRIF, DFTS methanol2 FEotH HPLCZ =48t At capsaicin &
24 mg/100g, dihydrocapsaicin 0.20~38.82 mg/100g 2| #H{|lz =2
Ao ZDtet SKAtSEMLE 22k S EelEACt.  Holel(57
capsaicinoid® &4 &1 capsaicin E# g2 29.0 mg/100g,
dihydrocapsaicin2 15.8 mg/100g2 2 oY Ao Z gtk | AMGIAH Eolg
U0 OE HFS0WHAME capsaicin & dihydrocapsaicin 2t2f 0
mg/100g, 0.0 ~ 93.2 mg/100g, (58) A NZF0IAM capsaicin &2 H 6
1176.1 ug/g2=(59) 1F2| capsaicinoid®el &2 LSt HRAE A= A
O=Z EOIGHRAULE. 0183 (60)2 3
= A8 Z capsaicine HZ

3 &2 19.15 mg/100g2 = LIEFGD 2™ E(61)2 Al DFI2S| =24t

)= 1F9

o
2 4ot =0 2FIIR2l &R capsaicin &

o 0l 0.03 ~ 0.33 mg/ge =
LIEtG e ol oY o3 Z2UE0 22t =2 ZE =06, |&0|
(B2)0IAM = AlEH DFEIIZS = capsaicinoid &S =245t 1O 21
4.06 mg/100g2 UEIGCH 2 o3 ZULEO Ud &2 s8Hs B0, 849

A(63)2 D= H= HTO [Met capsaicin
= A0 JIE =2 g2 Bl B0l AlEBE = HECQ EAHAA =29
= e

Mojetd 2 2400 et 2 O
L

_43_

Collection @ chosun



mmowm_a%____m_amM N o) R0 W X 3 RO
W . T~ 0l B o K T o — . w0 B RO DM KE
RIS+ SR I TR wowm oo WS
w K€ &= oo oK =M
K- » halll o0 1T} @._ra = KK e 0l =) 0 El
~ER S m 25w U=
L 0
U N oA oo oE w9 =TS =
_.:“_G.G,v .A_._.moﬂ _-TXOWLM WPA”CJ.mmNmM,
— =T O =T O ~
= o3 8 w_m IH 1 o &l “xl_n._ o 0K oDI = m.m s 2 fu
- = S = ™ 1]
S5, m%x oW s - g8
%%mﬁ%.m%wﬂkM M|oml_mm9
oo B Y2 =0 8% gy S o 5B oA
_ S <35 2 2 & 8 H ol W = g = Mo
X _ . 25 3% (T = E RS
= ol nl = Qo = = I~ 5 = m <
J.P._Ltaajoh|9_=| F 2 < _
e g o5 d S L.
= o < D =1 < = i
_WEs c w5 o L =<
Ki © o 51 RO g ol n 5029 28
= M w0 o 2 = 8 4w o3 o3 S
= KO 0o o v Xk = NS ()
o) 33 o - o - g =
=Sa T oy D et A7 e g 2 &
w5 ™ ™ o £ § B 2 o R ) mvan/_qu
Spe2mag S5 W il < g - 2
n .JOI.I.Ll I.I|C“H o )
mﬂﬁmmﬂmmeimgmo_em W E S =
= v 2o B g W W8 o5 W R o
o 2 i X (= TP | _ = 8 g R0 R w0
o £ s wm o ol K T
= W s M s N KE o 0l oT .|J.D m K 2 ) _._ﬂ_ ~ 0l
s cnes QapRiddoaA sko @ g o’ O
o7 8 ° oo < . RW 0K = R0 L ° R M N
w32 83s N pgt YT sE
5§y He8B 8N oRrRS g 0L
ERE I o] © 2 S N OB U M o 0 & W o 8 o
o M o 8 2 < &H[3 W o K 8 R £ i It
i) ()

2

=)

| ZEO| capsaicinoid

- 44 -

[0l capsaicinoid

N
Collection @ chosun



dihydrocapsaicin

~ 7.84 mg/100g,

1.51
0.54 ~ 2.26 mg/100g22 & AT ZUEL

Z 1 capsaicin

M St
—/ —

JIId
ol
0
o0

Uk

i0J
()

53
)
B

H

ol

w0
o0

0l
HH

capsaicindt dihydrocapsaicin®
2t 25 HS0U M capsaicin,

g==

212 Of @

—/

dihydrocapsaicin

ol

_45_

Collection @ chosun



Table 14. Average concentration of capsaicinoids in Red pepper powder,

Gochujang, Kimchi and sliced Kimchi

(unit : mg/100g)

Samle N cap" DHC Total? EARCAC YT
Red . ) o 63.06 :
pepper 101 22.53+19.36°  12.83+10.01°  35.35:+29.03 36.94 -
(4.91-4.91)
powder
i i . 65.85
Godujang 120 4.37+2.80°  2.29+1.57° 6.66+4.41 3415 -
(5.86-5.86)
) ) . 6126
Kimchi 121  0.20+0.12°  0.13+0.08" 0.33+0.19 3874 51.25
(5.785.78)
Sliced . . . 6172
N 03 0.1840.11°  0.11+0.06° 0.29+0.16 38,28 -
Kimehi (7.14~7 14)

UCAP : Capsaicin

2)DHC : Dihydrocapsaicin

“Total : Capsaicin + Dihydrocapsaicin

“GHU = [(ppm Capsaicin) + (ppm Dihydrocapsaicin)] x 0.769
*Value are mean + standard deviations of three(n=3) measurements
¢ 1 The same superscripts in a column are not significantly different each other at
p<0.05 level by the Duncan's multiple range test.
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DI, DFF, HI|IAX, AAX 2 S 245 ZWUE HEC2
HHECZ AEEs 29 S0l ADLUX 40 ol HAHSHH HIWoHRCH 2
ZIIRE 10,0322 SHQIGYD DFES 937.8, EI|2XI 46.36, 2R 40.882
£ZEO2 BQICUCH 1O HEE DIINRE 25 HW2X0/H D=2, HI|AX
r2AX & =8&torol oHEEHCh

Table 15. SHU(Scoville Heat Units) of capsaicinoids in Red pepper products

(unit : mg/100g)

1) 2) 3) ) Type of
Samle N CAP DHC Total HS! oUeney
Red

Pepper 101 22.53+19.39° 12.83+10.01° 35.3+29.08 10,032 Medium
powder
Gochujang 120 4.37+2.89° 2.29+1.57° 6.66+4.41"  937.8 Mild
Kimchi 121 0.20+0.12®  0.13+0.08" 0.3340.19" 46.36 Mild
Sliced a a a .

103 0.18+0.11 0.11+£0.06° 0.29+0.16 40.88 Mild

Kimchi

UCAP : Capsaicin, 2'DHC : Dihydrocapsaicin ,*Total : Capsaicin + Dihydrocapsaicin
YSHU = [(ppm Capsaicin) + 0.82 x (ppm Dihydrocapasicin)] x 15

YValue are mean + standard deviations of three(n=3) measurements

a-Cc

: The same superscripts in a column are not significantly different each other at

0p<0.05 level by the Duncan's multiple range test.
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Fig.12. HPLC chromatogram of Red pepper powder, Gochujang, Kimchi and

sliced Kimchi .
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Table 16. Average concentration of

divided by production area

capsaicinoids

in Red pepper

powder

(unit : mg/100g)

Region N cap” DHC? Total® Med  Min  Max
Gyeonggi 20 25.34+20.857 15.19+12.09° 40.53+32.61Y 249 9.61 1BB
Gyeongnan 6  15.90+10.95" 9.39+5.70° 25.29+16.58" 21.4 5.13 53.60
Gyeongblk 34 22.94+24.07” 11.97+11.46” 34.90+35.00° 22.3 4.18 130.4
Jeonnam 7 30.41+21.94” 17.08+11.11" 47.49+33.02” 37.0 24.9 119.9
Jeorbuk 6 15.88+10.11° 8.92+3.56” 24.80+13.30" 22.9 12.1 50.12
Chungnam 11 29.94+17.04” 16.62+9.62” 46.56+26.56" 46.1 16.5 109.9
Chungbuk 17 15.05+6.36” 10.16+4.39” 25.20+10.71° 23.9 8.35 45.46

"CAP : Capsaicin

2DHC : Dihydrocapsaicin

Motal : Capsaicin + Dihydrocapsaicin

YValue are mean + standard deviations of three(n=3) measurements

a

0p<0.05 level by the Duncan's multiple range test.
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Table

production area

17. Average concentration of capsaicinoids

in Gochujang divided by

(unit: mg/100g)

Region N cap” DHC? Total® Med  Min  Max
Gyeonggi 26 5.23+2.73°%% 2. 70+1.44° 7.93+4.08°° 7.75 2.53 16.53
Gyeongnam 4 1.75+0.72° 1.09+0.52° 2.84+1.12° 3.18  1.23 3.8
Gyeongbuk 26  4.9242.968"°  2.57+1.65°  7.4944.54°° 545 1.41 18.67
Jeonnam 6 6.13+4.00° 3.20+2.52° 9.32+6.49° 7.05 4.42 22.16
Jeonbuk 27  3.69+2.55""°  1.88+1.56°° 5.57+4.10°°° 4.69 0.93 23.20
Chungnam 13  4.89+3.84°°  2.52+41.78°  7.4245.60°° 559 2.35 22.46
Chungbuk 11 2.92+1.70*°  1.64+0.88°  4.56+2.52°° 3.84 1.94 8.83
Gangwon 7  3.05+1.21*"  1.88+0.88"° 4.93+2.06""° 452 3.16 9.07
Total 120  4.37+2.89 2.29+1.57 6.66+4.41 527 093 23.20

UCAP : Capsaicin

2DHC : Dihydrocapsaicin

otal : Capsaicin + Dihydrocapsaicin

“Value are mean + standard deviations of three(n=3) measurements

a-c

0p<0.05 level by the Duncan's multiple range test.
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Table 18. Average concentration of capsaicinoids in kimchi divided by

production area

(unit : mg/100g)

Region N cap"” DHC® Total® Med  Min  Max
Qe 39 0.2140.13"" 0.15+0.09"" 0.35+0.22"° 0.30 0.09 0.9
Gyeongnam 13 0.20+0.08°  0.14+0.06"° 0.35+0.13"° 0.30 0.15 0.52
Gyeongbuk 9 0.24+0.11°  0.17+0.07*°  0.41+0.17*° 0.39 0.12 0.68
Daejeon 5  0.17£0.10°  0.08+0.07°  0.24+0.17° 0.14 0.14 0.4
Gwangju 8  0.38+0.26°  0.19+0.14°  0.5740.40° 0.41 0.30 1.16
Jeonnan 8  0.2040.08° 0.11+£0.05™  0.31+£0.12° 0.32 0.14 0.53
Jeonbuk 6  0.17£0.12°  0.09+0.068°  0.26+0.18" 0.26 0.14 0.39
Chungnam 11 0.2040.11°  0.114£0.06*°  0.3140.16° 0.31 0.10 0.60
Chungbuk 15  0.16+0.09°  0.09+0.06°  0.25+0.15°  0.29 0.05 0.51
Gangwon 7  0.15+0.03" 0.10+£0.03°  0.25+0.06° 0.22 0.20 0.37
Total 121 0.2040.12  0.13+0.08 0.33+£0.19  0.30 0.05 1.16

UCAP : Capsaicin

2DHC : Dihydrocapsaicin

otal : Capsaicin + Dihydrocapsaicin

“Value are mean + standard deviations of three(n=3) measurements

ab

0p<0.05 level by the Duncan's multiple range test.
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Table 19.

Average concentration

by production area

of capsaicinoids in sliced kimchi divided

(unit : mg/100g)

Region N cap” DHC? Total® Med  Min  Max
Gyeonggi 33 0.17+0.00°"Y 0.12+0.06° 0.2940.14*° 0.26 0.10 0.68
Gyeongnam 6  0.16+0.06™° 0.1140.03° 0.27+0.09°° 0.27 0.14 0.38
Gyeongbuk 8  0.2040.09°° 0.1240.05° 0.324+0.14*" 0.33 0.12 0.5
Daejeon 6  0.21+£0.07*° 0.12+£0.03° 0.33+0.10*° 0.28 0.26 0.44
Gwangju 7  0.27+0.25° 0.11+0.10> 0.38+0.35 0.30 0.07 0.88
Jeonnam 8  0.23+0.16"° 0.12+0.07° 0.36+0.22° 0.32 0.10 0.74
Jeonbuk 6 0.09+0.04° 0.05+0.02° 0.14+0.06° 0.10 0.06 0.24
Chungnam 9  0.18+0.11*" 0.1040.08" 0.28+0.18*° 0.22 0.11 0.60
Chungbuk 13 0.15+0.09"" 0.09+0.04" 0.24+0.13*° 0.22 0.10 0.54
Gangwon 7  0.174£0.07*° 0.10£0.03* 0.27+£0.10*° 0.29 0.12 0.42
Total 103 0.18+0.11 0.11£0.06  0.29+0.16  0.26 0.07 0.88

CAP : Capsaicin

2DHC : Dihydrocapsaicin

Motal : Capsaicin + Dihydrocapsaicin

“Value are mean + standard deviations of three(n=3) measurements

ab

p<0.05 level by the Duncan's multiple range test.
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Fig.13. Rate of spicy taste grade in Red pepper powder .
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Fig.14. Rate of spicy taste grade in Gochujang.
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Fig.15. Rate of spicy taste grade in kimchi.
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Fig.16. Rate of spicy taste grade in sliced kimchi.
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Red pepper powder
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Gyeongnam
Gyeongbuk
leannam
leonbuk

Chungnam 05 oo v oo v o 22722227 NN

Chunghuk

e 10% 20% 30% 40% S50% 60% 0% BO% 90% 100%

clgrade s 2grade 3grade wmdgrade o 5grade

Fig 17. Hot Spicy taste grade of capsaicinoids in Red pepper powder

divided by production area.
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Hot Spicy taste grade of capsaicinoids

Table 21.

production area

: number )

(unit

2 grade 3 grade 4 grade 5 grade

1 grade

Gyeonggi

Gyeongnam

Gyeongbuk

Jeonnam

Jeonbuk

Chungnam

Chungbuk

Gangwon
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Gochujang

GYeOonEET i R e e e
LE L e Ty g ) T ER Rt Rt A Rt Rt Rt Rt Rt Rt e R e e S S S S S E S PSSO SO 000
GyeonEhuk i e e R

T T R A A A A
leonbuk
Chungnam

Chunghuk

Gangwon

lgrade <2grade Z3grade ¥4grade ~Sgrade

Fig.18. Hot Spicy taste grade of capsaicinoids in Gochujang divided by

production area.
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KS0A < 65%)F =8tk 18t

1H9HHE UESen

t =S Eolotdn 1
g 60%, J&a=T 55%,

HEZAAl 80%, ZFZAAl 38%, XN 75%, HNMA=ES 100%, SEEHS
63%, SH=T 80%2 HIEZ LIEFGCE.
Table 22. Hot Spicy taste grade of capsaicinoids in Kimchi divided by
production area
(unit @ number )
1 grade 2 grade 3 grade
Gyeonggi 25 14 -
Gyeongnam 8 5 -
Gyeongbuk 5 4 -
Daejeon 4 1 -
Gwangju 3 5 -
Jeonnam 6 2 -
Jeonbuk 6 - -
Chungnam 7 4 -
Chungbuk 12 3 -
Gangwon 7 - -
- 45 -
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Kimchi

Gyeonggi
Gyeongnanm
Gyeonghuk
Daejeon
Gwangju
lecnnam
leonbuk
Chungnam
Chunghuk
Gangwon

0% 20% 40% B0% 80% 100

wlgrade ¥2graie

Fig.19. Hot Spicy taste grade of capsaicinoids in Kimchi divided by
production area
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OlA 84%, JBaEZO0IA 100% J&=
43%, NMctdS 50%, dMet=% 100%, SEEE 7%, SE=T 85%,

S| HIES XHXIGHRILE.

Table 23. Hot Spicy taste grade of capsaicinoids in sliced Kimchi divided by
production area

(unit : number )

1 grade 2 grade 3 grade
Gyeonggi 28 5 -
Gyeongnam 6 - -
Gyeongbuk 5 3 -
Daejeon 5 1 -
Gwangju 3 4 -
Jeonnam 4 4 -
Jeonbuk 6 - -
Chungnam 7 2 -
Chungbuk 11 2 -
Gangwon 6 1 -
- 47 -
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sliced Kimchi

Gyeonggi
Gyeongnam
Gyeonghuk
Daejeon
Gwangju
leonnam

RS RER,
RARRIIRARANNRTS
b

leonbuk
RIS
SRR

Chungnam
Chunghbuk
Gangwon

0% 20% 4% &0% B0t 100

Fig 20. Hot Spicy taste grade of capsaicinoids in sliced Kimchi divided

by production area.
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