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Fig. 1. GC chromatogram of volatile terpencids with retention
times{min.) and their corresponding peaks. 1, standard acetone; 2,
o-pinene; 3, B-myrcene; 4, B-myrcene; 5, a-terpinene; 6, limonene;
7, y-terpinene; 8, terpinene.

ernal standard WH o2 2435190} 0.1, 1, 5, 10 ppm =
FolA HEH Z} terpenoids A E) peak area & int-
ernal standard?] acetone®] peak areaZ 5o olE
response factor(Y)Z 3lglon, 7z} 4B 555 X& 3}
o] 73 AA A (coefficient of determination)et 37 #)
% Table 13 Z& v}, 7z} &9 AAHAFC)= AF
0.99 olFe2A nER {3t AMs]AYHAelgtn &
T 1o, o]= DHS ol 2]3t terpencids ¥40) A3
3] A& Flolghe= AL S gtk 7} terpenoids A
o it xEFH9] FAHIIAYAH2L a-pinene; Y=
0.4963X - 0.0556, B-pinene; Y =0.4267X - 0.1117, B-myr-
cene; Y=0.2499X -0.0899, o-terpinene; Y =0.2979X -

p—
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Table 1. Correlation between the concentration(ppm) of each
volatile terpenoid(X) and its response factor(Y)?.

Coefficient of

Compound determination(r?) Regression coefficient(b)
o-Pinene 0.9962 0.4963
f-Pinene 0.9975 0.4267
B-Myrcene 0.9969 0.2499
a-Terpinene 0.9972 0.2979
Limonene 0.9969 0.2921
Y-Terpinene 0.9948 0.1758
Terpinolene 0.9951 0.1286

“peak area of each volatile terpencid/ peak area of internal standard
(acetone)
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Table 2. Consistency of the direct headspace sampling method in
measuring volatile terpenoids in carrots grown in Cheju.

. Amount(ppm)* Mean b C.V.
Terpenoid ( ) ) (%)
2 3 4 ‘Ppm ©
o-Pinene 082 073 070 075 075 0050 6.8
-Pinene 124 109 108 109 113 0.077 638
B-Myrcene 072 066 059 060 064 0054 84
o-Terpinene 0 0 0 0 0 0 -
Limonene 064 061 061 054 060 0.042 71
v-Terpinene 1.86 182 184 198 183 0.072 38
Terpinolene 6.27 548 495 535 546 0554 10.1
Total 1155 1039 9.77 1031 1051 0.748 7.1

“four replications from three roots
Ystandard deviation
“coefficient of variance(CV) = (standard deviation/mean) % 100(%)

0.1001, limonene; Y =0.2921X - 0.0982, Y-terpinene; Y =
0.1758X - 0.0739, terpinolene; Y =0.1286X-0.0453 <}
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Table 3. The range of individual and total terpencid content in

worldwide 65 carrot cultivars grown in Haenam. {unit : ppm)
Terpenoid Neth.erlands USA Japan Korea
Bejo co. lines lines lines
a-Pinene 0.35-2.48 0.28-1.66 0.30-0.70 0.48-0.93
B-Pinene 0.42-1.87 0.35-0.72 0.47-1.35 0.59-0.59
B-Myrcene 0.56-1.51 0.64-1.49 0.60-0.88 0.70-0.74
a-Terpinene 0 0 0 0
Limonene 0.59-1.82 0.66-1.84 0.59-0.87 0.69-0.70
Y-Terpinene 0.87-2.97 1.01-3.33 1.35-2.64 1.21-1.61
Terpinolene 5.54-26.57 6.11-35.81 5.15-12.18 7.53-8.39
Total terpenoids 9.14-34.89  9.44-42.30 9.07-16.83 11.25-12.92
Total lines 27 22 14 2

Table 4. Distribution of total terpenoid content in woridwide 65 car-
rot cultivars grown in Haenam.

No. of lines
Range
(ppm) Netherlands USA Japan Korea
Bejo company lines lines lines
<10 1 1 3
10-11.99 9 2 3 1
12-13.99 5 5 3 1
14-15.99 4 2 3
16-17.99 4 4 2
18-19.99 1 3
20-29.99 2 3
>30 1 2
Total lines 27 22 14 2

ppm, HiF 0.62 ppm o Z FFof we} o 53812 xo]&
BRow, dA 65FF FolM 62F5(95.4%)°] 1 ppm W
o)At B-myrcene HH7F 0.56~1.51 ppm HFo)
0.82 ppm, «-terpinene< E1F°] 0 ppm, limonene<s- ¢
7} 0.59~1.84 ppm H©] 0.87 ppm, y-terpinenes <97}
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Z(7.7%)°] 10 ppm7| o]z, 15%F(23.1%)°] 10~11.99
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o-Pinene B-Pinene
Range P
{(ppm) Net_h.erlands U.S.A lines Japan lines Korea lines Neth.erlan S U.S.A lines Japan lines  Korea lines
Bejo co. Bejo co.
0.2-0.39 2 4 3 3
0.4-0.59 17 15 9 12 13 5 2
0.6-0.79 2 2 12 6 6
0.8-0.99 1 1 2 1
1.0-1.99 2 1 2
2.0-2.99 3 2
Total lines 27 22 14 27 22 14 2
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Studies on Measuring Volatile Terpenoids in Carrots Using the Direct Headspace Sampling

Method

Shin Park®, Yong Park, Jang Bal Ryu, and Sang Gyu Park(Division of Natural Resources ,

Kyungbook, 713-714, Korea)

Taegu University,

Abstract : Volatile terpenoids of carrots were measured by the direct headspace sampling method(DHS) with gas
chromatography as a study for the breeding of high quality carrots. Using this method, 7 terpenoids such as o-pi-
nene, B-pinene, P-myrcene, O-terpinene, limonene, Yy-terpinene, and terpinolene were clearly separated.
However a-phellandrene was not clearly separated from B-myrcene. In addition to this, higher boiling point com-
pounds such as terpinen-4-ol, bornyl acetate, and o-bisbolol were not found. The coefficients of determination(r”)
for the 7 terpenoids were higher than 0.99 and the standard curves were highly significant. Four replicated sam-
ples using this method demonstrated great reproducibility; the coefficidnt of variation (C.V.) for o-pinene, B-pi-
nene, B-myrcene, limonene, Y-terpinene, terpinolene, and total terpenoids were 6.8, 6.8, 8.4, 7.1, 3.8, 10.1, 7.1%.
Sixty five carrot cultivars breeded worldwide were evaluated for the 7 terpencids and total terpenocids; the
range for o-pinene, B-pinene, B-myrcene, o-terpinene, limonene, Y-terpinene, terpinolene, and total terpenoids
were 0.28~2.48 ppm, 0.35~1.87 ppm, 0.56~1.51 ppm, 0 ppm, 0.59~1.84 ppm, 0.87~3.33 ppm, 5.15~35.81 ppm,
and 9.07~42.30 ppm, respectively. Big differences in each terpenoid and total terpenoids were found among cul-
tivars. On the total terpencids of the 65 cultivars, 5 cultivars(7.7%) contained less than 10 ppm, 15 cultivars
(23.1%) 10~11.99 ppm, 14 cultivars(21.5%) 12~13.99 ppm, 9 cultivars(13.8%) 14~15.99 ppm, 10 cultivars(15.4%)
16~17.99 ppm, 4 cultivars(6.2%) 18~19.99 ppm, 5 cultivars(7.7%) 20~29.99 ppm, and 3 cultivars(4.6%) were
higher than 30 ppm. Generally, cultivars developed in Japan contained less total terpenoids than cultivars de-

veloped in Europe and America.

Key words : carrot, volatile terpenoids, direct headspace sampling method
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