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ABSTRACT -

This work was intended for the identification of markers that are found only in the spoiled red

pepper powder. When analyzed by GC/MASS, the spoiled red pepper powder contains characteristic naphthalene
derivatives, 1,2, 3, 5,6, 7, 8, 8a-octahydro-1, 8a-dimethyl-7-(1-methylethenyl)-naphthalene and 2-isopropenyl-4o.,8-dim-
ethyl-1, 2, 3,4, 4a, 5, 6, 8a-octahydronaphthalene,which have not found in the normal red pepper powder. In addition,
microscopic observation and microbial enumeration of the red pepper powder had been performed. Images by scan-
ning electron microscopy showed that the surfaces of spoiled pepper powder were rough with many kinds of
microbes, compared with those of normal red pepper powder. A good correlation between the bacterial and fungal
counts in the same sample was observed and could be clearly classified into two groups, the normal and the spoiled
group, by difference in the microbial counts. These results suggest that the spoiled red pepper powder can be identified
by a combination of GC/MASS, microbial counts, and scanning electron microscopy.
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Table 1. Volatile compounds of the normal red pepper powder*

| Retention time (min) Production
Sample 681 920 1083 1222 13.03 13.08 1335 1349 1353 13.57 1363 1373 year
Kangwonl + + + + + - - - - - - + 2004
Kangwon2 + + + + + + - + - - - + 2004
Kyungbukt + + + + + + - + - - - + 2003
Kyungbuk2 + + + + - - - - - - - + 2004

Kyungbuk3 + + + + - - - + - - - + 2003

Kyungbuk4 + + + + + + - + - - - + 2004

Kyungbuks + + + - - - - - - - - + 2004

Kyungbuké + + + + + + - + - - - + 2003

Kyungbuk? + + + + + + - + - - - + 2004

Kyungnaml + + + - + + - + - - - + 2004

Kyungnam?2 + + + + + - - - - - - + 2004

Jeonbuk! + + + + - - - - - - - + 2003
Jeonbuk?2 + + - + - - - - - - - + 2003
Chungnam! + + + + + + + + - - - + 2004
Chungnam? + + - -~ + + - + ~ - ~ + 2004
Sandong + + - - + - - + - - - + 2003
Chungbuk} + + + + + + - + - - - + 2004
Chungbuk2 + + + + + + - + - - - + 2004
Chungbuk3 + + + + + + - + - - - + 2004

*Criterion for positive was 20,000 as abundance value.
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Table 2. Volatile compounds of the spoiled red pepper powder*

Sampl Retention time (min) Production
ampre 681 920 1083 1222 13.03 13.08 1335 1349 1353 1357 13.63 13.73 year
Kangwonl - + - + + + + + + + + + 2004
Kangwon2 + + - + + + - + - + +/- + 2004
Kyungbuk] + + + + + - + + - + + + 2004
Kyungbuk2 - + - + + + + + + + + + 2004
Kyungbuk3 + + + + + - - + - + +/— + 2004
Kyungbuk4 + + + + + + + + + + + + 2004
KyungbukS$ + + + + + + + + + + + + 2003
Kyungbuké + + + + + + - + - + + + 2003
Kyungnam1 - + - + + + + + + + + + 2004
Kyungnam?2 - + + + + - - + - + +/- + 2004
Jeonbukl + + + + + + - + - + + + 2004
Jeonbuk?2 + + - + + + + + - + + + 2003
Jeonbuk3 + + + + + + + + - + + + 2004
Jeonbuk4 + + + + + + + + - + + + 2003
JeonbukS5 - + + + + + - + - + + + 2003
Jeonnamt + - + + + + + + - + + + 2004
Jeonnam?2 + + + + + + + + + + + + 2003
Chungnam1 + + + + + + + + + + + + 2004
Chungnam? + + + + + + + + + + + + 2004
Chungnam3 + + + + + + + + + + + + 2004
Chungbuk] + + - + + + + + - + + + 2004
Chungbuk2 + + - + + + + + - + + + 2004
Chungbuk3 + + - + + + + + + + + + 2004

*Criterion for positive was 20,000 as abundance value. +/- indicates about 20,000 of abundance value.
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Fig. 1. Typical GC chromatogram of volatile compounds in the normal (a) and the spoiled red pepper powder (b).
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Fig. 2. GC chromatogram of volatile compounds at about 13 min of retention time of the spoiled red pepper collected from YoungKwang
County (a) and its MASS spectrum of the peak at 13.57 min (b) and at 13.64 min (c), respectively. Mass spectrum of 1,2,3,5,6,7,8,8-octahydro-
1,80-dimethyl-7-(1-methylethenyl)- naphthalene (e) and 2-isopropenyl-4o.,8-dimethyl-1,2,3,4,40,5,6,8c-octahydro naphthalene (f) from MASS

spectral database.

Table 3. Volatile compounds of the red pepper powder on the market

Samol Retention time (min) Production
SPC TERl 920 1083 1222 1303 1308 1335 1349 1353 1357 1363 1373 year
Al + + - + + - - + - - - - 2003
A2 + + - + + + - + - - - + 2003
Bl + + + + - - - + - - - + 2003
B2 - + - + + + - + - - - + 2003
B3 + - + + + - - + - - - + 2003
C1 - + - + + + + + + + + + 2003
C2 - + + + + - + + + + + + 2003
D1 + - + + + + - + - + + + 2003
El - + + + + - + + + + + + 2003
F1 + + + + + + - + - - - + 2003
Gl + + + + + + - + - + + + 2003
G2 + + + + + + - + - + + + 2003
G3 - + + + + - - + - + + + 2003
H1 - + + + + + - + - - - + 2003
H2 + + + + + + - + - - - + 2003
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Fig. 3. Scanning electron micrographs of red pepper powder. the normal powder with waxy and smooth surface (a); the spoiled powder
severely contaminated with microbes on the rough and eroded surface (b) and (c); The powder mixed with normal and spoiled one (9:1,
w/w) showing some mycelia on the intact surface (d). Bar indicates 50 um.
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Fig, 4. Correlation between the numbers of bacteria and yeasts/molds
in the same sample: (+) normal red pepper powder, () red pepper
powder on the market, ([J) spoiled red pepper powder. Dotted lines
indicate the maximal counts of microbes detected in the 33 samples
of normal red pepper powder.
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