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ABSTRACT : Red pepper powder (Capsicum annum L.) is an important seasoning as a
kimchi ingredient in korea and most korean consumer tend to eat the korean red pepper
powder as the better than other oriental country such as China.

Near infrared reflectance spectroscopy (NIRS) was applied for discrimination according
to geographical origin (Korea, China) of red pepper powder.

The objective of this study is to determine if NIR technique could be used to
discriminate between the korean red pepper powder and non-korean red pepper powder
according to seed content and mixing ratio in red pepper powder by using the new
method.

Rapid, precise and nondestructive analysis methods for determination of the geographic
origin of red pepper powder by near infrared spectroscopy and chemometrics were
performed.

It has been observed discriminant analysis with PLS is adequate to determinate the
geographical origin of red pepper powder.

It tends to difficult the discrimination of geographical origin according to increase the
seed content of red pepper powder.

The accuracy of discrimination in mixed red pepper powder was range from 95.2% to
100%.

Keywords : Near infrared spectroscopy, Red pepper powder, Partial least squares

method, Discrimination, Geographical origin

LM B ZFo] derh(1).
13y AEY 5L 4nnd dHEgR A
D3 (Capsicum annuum L)€ $8ve 2 9 vetdl Cr7l g3 §850] AH(2), =3
Fo zuldFoezg SYAAG E HFLE ;I W WAL Mo ZostA wEw
AR e 2 EFC ol 2, M2, Ael ZYE JElWE carotened} capsanthin
Z7], W%y FErt dE2n FFUE 509 o % Aol (3) WAHENE WewRe Yye

— 155 —



capsicin® 19]e) @& W& adenine, be-
taine¥ = g AcH4),

T5e AR et diel I zIEH
g o F2ug Yo JBASFY £94t
= gy nF vlE ujgte] 73}
FEo] ZxEA F23E BUs AL=
3. gFdAME IAE B2 A I
2 I 2FE FHS | 2R/ HA
Az e R FFA 139
o o) FEo] Z Z3HA g7 of
1eh(5).

el YA BFEo] FFAE P
AU EQHe Al dRER aRsE
A 2 HED 9FE v nFH FEF
o] HNE dAHEA ¥ AFo] Aok Al
AZ 1FETYY F$ 1FH7F EYHA #
Ee B9 BX9 2 EYF BAL B
233 ®ylells} EUFS EAYSF e A
AF EAuY e ggEHo UXES AdeHol
o},

239N EFEAHL 1960 e HF
B 4tgde] @A gEo] 23 AHEFH
i Mol 7 HA BAH3}7] AlREte] HxA
FAE, AF, AL AR HAF3Ese oY
Aot M (6, 7) ol EHI Uv AdAHolrt

HZ 2HgN 2dEHY dBFGF W A

A she 2MEY 54 FAR F4(pr

(o3

o

[:9
iy

}.
s
=
d

o

Mo ofl ¥ v o LRI 3R

7
o
A
o]

K

incipal component analysis, PCA), Partial
least square analysis (PLS), ThEahd iy

(multiple discriminant analysis) % ma-
halanobis distance(MD) %(6-9)9 g%
Yoz #M3tes WHEN(FAEA) A
2 S8tz FHE Q). o3 BE
2Xoz YR ¢%(6), BY3 782 (10),
de F2F(8), €71F A=(11), 58547}
27(12), 9715 AMEADR HFee o}
EA4(6), AFUYEZY HAY o513, 14,
15) B AFED(9) TS WEsts Yol B
15 gt}

FAEY FAAYC e FIFE FAHAeE
Aedriete] nF7FE7E Bol dFWel FUH
of dg] fF=HI e dAHolt 53 A
Ha e FL AT Azt #d 2FIE
7b ez gAY Zdn EgHA #©
7t H1 glew o2 Fak Ay FrhY
a7t Gty Julyez FAPE S Hof
e JFAFE I MRS A3

SE MRS

He A7 o

o3 Mo AdH FIBAME F
AHE 9l AR EIE R I ey F
AlZ o]& HHstn ok a2 Y4x 7F3
2 o]3}stAE B FHS FHUAHT "olx
gk AlZtolu} H]Eo] @o] XZQaEHo HI
© YA EFol MEL WHoZ A4
Ha ok a2 HEsin A4 Ae A
Abz] g BAY RS e o] wWyel
drHa gled B dFdMe YA E
o] &3 YA WHE AFIAT

2 AQdMde st 15348 Y439
&g 2 D R, FF4 YA BEd
ZHYA EFENYE =YFozN ¥
gHoln Al&sln A3 AYNEL vd3F
ZE 3o =3 E Q7oA AL 5AF
EA Ao duzyd 2oS F2 2HH B
3 BMYA A Bol AMEEI U+ partial
least squares(PLS) W3 (16)S H-&3tAch

. Mz % gy

1. dEN=

B Ay Algd 313 (8% Capsicum an-
nuum L)© 49 AS FAEPALE 4 A
A 80/lAE BE FTFE vued FI4HY
A A LA, FEA4E /FEFAL A
gENA FHELERY,

ol FIAL FAEAANL & FFA 80
M2RE 332HES FHLAT TIFH4LS 4
], FFAERFFTETAL ABFoERY 1454
9 ABE FFEol Az EAF ZFHS
A BEBEHE 2AHAD

2ENEY FEL 6-7%2 FFen 123
¥ R 0%, 10%, 20%, 30%2 d7Hsod
t}& 3 o] AJRE AZEEA

2. AHYY

(1) XA E3E4Y

22N BPE A7)+ Foss NIRSystemsA}
o] NIRSystem 6500(USA)& Al&&Aqd &
PJxd& Table 17 o}, 29 EYHL NSAS
(Foss NIRSystems, USA)E& o] &3}t

= 156 —



A
ofl
Mo

Vol. 16, No. 2 (1999) A9

Table 1. Condition of Scanning Parameters
Range 1100 - 2500 nm
Sample cell Standard sample cup

Detection mode| Reflectance

Instrument Near-Infrared Spectrophotometer

(Foss NIRSystems, USA)

(2) ME A=Y

Alge 1F3FH 3 0%, 10%, 20%, 30%
o] we} Table 2 ¥ random selection ¥ 2.
2 WEAE UE7] ¥ training set# o] A
€ ©Al B1Er] Y% validation seto @ U}
FolM AE At £ F34 FAe) E
BlE&E 4 60% - T4 40%, FAF 70%
A 30%, A 80% 1 FEAY 20%, =
A 90% ¢ FFA 10% 2.2 3t Table 348
training set® prediction setQ & UFojx 2
d3A .

Table 2. Sample Numbers for Training and
Validation by Addition Ratio of
Red Pepper Seed

For training
Korea China
09% |10% |20% | 30% | 0% |10% |20% [30%
158 | 40 | 46 | 41 29 13332 31
For wvalidation
Korea China
0% 110% |20% |30% | 0% |10% |20% | 30%
20 120 120 | 20 {20 t 20 | 20 | 20

Table 3. Number of Red Pepper Powder
Samples for Training and Validation
According to Seed Content

For training
Korea China
0%|10%{20% | 30% | 0% [10% 20% {30%
158 | 40 | 46 | 41 | 29 | 33 | 32 | 31
For validation
Korea China
0% 110% (20% |30% | 0% |10% {20% |30%
20 | 20 | 20 | 20 { 20 | 20 | 20 | 20

Table 4. Number of Red Pepper Powder
Samples for Training and Prediction
According to Korean and Chinese
Mixed Samples

For training
Korean | 60:40 | 70:30 | 80:20 | 90:10
140 30 30 30 30
For prediction
Korean | 60:40 | 70:30 | 80:20 90:10
156 15 40 39 40

(3) BAEN

2E7ERY 2HEHAN dRATY FE
of 2|3 B3y AAd 43 APaANE Fo
71 ¥3 e 2HEHL 20 nm moving
window ©HE o|x v]E & g PLS w
o2 ¥4t ZE EAF e AYE
I Z Q) WINISI(Foss NIRSystems, USA)
g ol &3t
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FUi7t TF FAH g =3 ZHYM ¥a}
~HEYL ZHsle B 33z Hdirwm
objg}, gizte] AV UE 2 EYF 9%
dT wiztsith 2 dddMe ol E B3
e TaAn FR F5de RyYgsE
Z7kA 717 Y8 2HEY S 20 nm 1A
moving windowol| €% convolution®{ o & 1
A 9 2& u]EEIYh Fig. 1-2v¢ =4 1
Z7tFe FZ4 FVIRY ZHYA WA}
2HEydS Yebd AHojtd 1100-2500 nm
AoA FAF Aoz gJ@idog Holg &
HEHA A @24 A8 £ A5 o
& Aolv AY AUt

2. MAM HuW DEEe ANX Ty

2 A¥ANAM FF 1EFE AlE 2093
o] g loading valueE 022 3tm FFA
A8 20949 W3l loading value® 10022
Yz woiE oe olxuEE AMEE
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Fig. 1 NIR Spectra of Korean Red Pepper
Powder.
(a) orginal, (b) second derivatization
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Fig. 2 NIR Spectra of Chinese Red Pepper
Powder.
(a) orginal, (b) second derivatization
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Fig. 3. Scores plot of Korean and China samples
with PLS regression using NIR spec-
trum(0% seed).
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Fig. 4. Scores plot of Korea and China samples
with PLS regression using NIR Spec-
trum(10% seed).
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Fig. 5. Scores plot of Korea and China samples
with PLS regression using NIR Spec-
trum(20% seed).
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Fig. 6. Scores plot of Korea and China samples
with PLS regression using NIR Spec-
trum(30% seed).
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Table 5. Validation Results Originated in China Table 7. Validation Accuracy of Mixed Red
sample | countr B Pepper Powder(Korea:China=60:40)
numier origjny 0% | 10% | 20% | 30% among 2nd Derivative Spectra

1 | China | 520 -1.56] 12.47 | 59.50 Validation

2 Ch%na 9.74 | 029] 1455 | 65.24 N | Error] Accuracy (%)
3 China | 893 | 11.28| 14.89 | 31.94 Korean red '

4 | China | 10.80 | 1852[39.99 | 43.77 pepper powder | 196 | 0 100

5 | China | 1190 | 34.89] 44.19 | 5191 Mixed red pepper| 1o | o o0

6 China | -0.53 | 31.45| 46.11 | 58,76 powder(60:40)

7 China 512 | 2325|4497 | 71.76 SECV 0.1799

8 China | 7.87 | 25.83] 47.35 | 72.11

9 China 7.00 25.98| 37.29 60.69 Table 8. Validation Accuracy of Mixed Red
10 China | 10.18 | 28.43] 44.33 | 56.38 Pepper Powder(Korea:China=70:30)
11 | China | 035 3253] 48.40 | 65.29 among 2nd Derivative Spectra

12 China | 12,66 | 34.55| 42.98 | 56.26 Validation

13 China | 3.22 | 13.02| 21.46 | 57.96 N | Error|Accuracy (%)
14 China | 9.72 | 13.98] 26.93 | 45.63 Korean red

15 | China | 19.43 |-10.76] 48.78 | 47.11 pepper powder 156 | 0 100

16 China | 24.17 | -6,02| 8.39 | 61.83 Mixed red pepper 40 1 97 50

17 China | 17.80 | 34.19{ 31.01 | 23.05 powder(70:30) '

18 China | 23.89 | 19.72| 37.66 | 67.56 SECV : 0.1662

19 China | 2587 | 22.50] 49.30 | 52.72 o ,

20 China | 28.58 | 26.61] 4044 | 67.64 Table 9. Validation Accuracy of Mixed Red

Average 12.14 | 19.09] 3507 | 55.85 Pepper Powder(Korea:China =80:30)

among 2nd Derivative Spectra

Table 6. Validation Results Originated in Korea Validation
;32%1; Cg:ﬁ;y 0% | 10% | 20% | 30% N [Error|Accuracy(%)

1 Korea | 96.18(106.24]115.70]123.99 gggng ;gfv dor | 156 | 2 98.7

2 Korea | 99.36(105.80/111.85(120.41 Mixed red pepper

3 Korea | 82.09| 95.84]105.62]112.26 powder(80:20) 39 1 974

4 Korea |105.83/105.32] 98.03]|109.09 -

5 | Korea |107.99]10423[11391]123.76] SECV © 01961

S ﬁgizz iéggi lggi; ﬂgig 152322(2) Table 10. Validation Accuracy of Mixed Red

8 | Korea | 89.18] 95.78]111.04| 11195 Pepper Powder(Korea:China =90:10)

9| Korea |102.64]103.60]104.30| 12028 among 2nd Derivative Spectra

10 Korea | 99.20]100.37]100.17|118.65 Validation

11 | Korea [103.02] 98.51]111.08/121.18 N | Error|Accuracy (%)

12 Korea | 86.84/106.84]113.90]125.44 Korean red

13 | Korea [108,87)102.99|109.02] 122.65 pepper powder | 16| 7 95.5

14 Korea | 98.99|104.46|113.70{120.64 Mixed red pepper

15 Korea |100.33] 99.46]107.10/121.31 powder(90:10) 40 2 95.2

16 Korea | 94.19| 98.96|114.87|123.75

17 | Korea | 9154|101.75/110.85]125.13]  SECV :0.2419

18 Korea |103.74]104.57|111.45|123.57

19 | Korea [105.60(104.07(106.37]125.56 ol nFH Tl WE Yakx PEL 1F

20 Korea |101.45/106.61}113.34/119.35 M gegol —57}1’2—“ Fatat ghaake] Ajol
Average 99.551102.28/110.211118.91 7t A %88 g U
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