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Abstract

Hallabong peel oils grown in open field and green house were extracted by hand-pressing flavedo and
collected on ice. Volatile flavor components of Hallabong peel oils were identified and compared by using gas
chromatography and mass-spectrometry. Forty—four flavor components were identified in open field oil and
45 flavor components in green house oil. (E)-Limonene-1,2-epoxide and neral were identified only in Hallabong
oil grown in open field, on the other hand, B-cubebene, B-elemene and decyl acetate were detected only in
green house oil. Limonene was the most abundant component in both oils as more than 86% of peak weight,
followed by sabinene (1.8~3.6%) and myrcene (2.4~2.6%). The difference of the volatile profile between open
field and green house oils were significantly characterized by identification and quantity of alcohol group.
The total alcohols in openfield and green house oils accounted for 1.8% and 0.8%, respectively. Among alcohols,
the level of linalool was relatively.high in open field oil (1.2%), however, it accounted for 0.5% in green house
oil. Flavor properties of fresh Hallabong peel and flesh were also examined by sensory evaluation. Flavor
properties of fresh Hallabong grown in open field were relatively stronger on both peel and flesh by sensory
analysis. Sweetness was strong in Hallabong flesh from open field, and sourness in that from green house.
The sensory evaluation of the preference in consideration of taste and aroma was significantly high in Hallabong
grown in open field (p<0.01). From the present study, the stronger flavor properties and the preference of
Hallabong from open field by sensory evaluation seem to be associated with the high level of linalool in its
peel oil, and the composition of monoterpene hydrocarbons such as sabinene and (E)-B-ocimene.
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Table 1. Volatile components of Hallabong cold-pressed peel oils grown and cultivated in open field and in green house

No.

Component

Retention index

Peak% (w/w)

Identification”

DB-wax DB-1 Open field Green house
Monoterpene hydrocarbons
1 a-Pinene 1031 935 0.6 0.7 RI, MS, Co-GC
2 Campene 1077 * * RI, MS, Co-GC
3 B-Pinene 1119 975 0.2 0.1 RI, MS, Co-GC
4 Sabinene 1129 969 3.6 1.8 RI, MS, Co-GC
5 Myrcene 1164 984 2.4 2.6 RI, MS, Co-GC
6 « —Phellandrene 1172 999 ®k *x RI, MS, Co-GC
7 Limonene 1215 1035 86.4 894 RI, MS, Co-GC
8 pB-Phellandrene 1222 05 0.5 RI, MS, Co-GC
9 (2)-B~OQcimene 1236 1042 ok *ok RL, MS, Co-GC
10 (E)-B-Cciemene 1253 10 06 RI, MS, Co-GC
11 Terpinolene 1288 1081 ok ok RI, MS, Co-GC
Total peak% (Total peak no.) 94.7 (11) 95.7 (11)
Sesquiterpene hydrocarbons
17 6-Elemene 1472 * ok RI, MS, Co-GC
21 B-Cubebene 1541 =Y * RI, MS, Co-GC
25 B-Elemene 1590 - *ox RI, MS, Co-GC
30 a-Humulene 1672 w3k *% RI, MS, Co-GC
35 Germacrene D 1710 1475 *k ok RI, MS
36 Valencene 1720 * * RI, MS, Co-GC
38 Bicyclogermacrene 1735 1490 0.1 *ok RI, MS
39 «@ -Farnesene 1745 1495 1.3 1.1 RI, MS, Co-GC
40 8-Cadinene 1758 1513 ok *x RI, MS, Co-GC
Total peak% (Total peak no.) 14 (7) 1.1 (9)
Alcohols
22 Linalool 1546 1085 1.2 0.5 RI, MS, Co-GC
23 Octanol 1558 ok ok RI, MS, Co-GC
27 [|-Menthol 1629 ok ok RI, MS, Co-GC
33 «a-Terpineol 1696 1173 0.2 0.1 RI, MS, Co-GC
41 B-Citronellol 1764 1208 0.2 02 RL, MS, Co-GC
44 (E)-Carveol 1834 oK *x RI, MS, Co-GC
45 Perilly] alcohol 1994 *k *ik RI, MS
46 Nerolidol 2035 0.1 *x RI, MS, Co-GC
Total peak% (Total peak no.) 1.7 8 0.8 (8)
Aldehydes
12 Octanal 1291 932 05 0.6 RI, MS, Co-GC
13 Nonanal 1393 1083 .owk ok RI, MS, Co-GC
19 Citronellal 1478 1132 0.2 0.2 RI, MS, Co-GC
20 Decanal 1497 1185 05 0.6 RI, MS, Co-GC
26 Undecanal 1601 1285 *x *x RI, MS, Co-GC
28 (E)-2~Decenal 1643 xx *x RI, MS, Co-GC
32 Neral 1684 *x - RI, MS, Co-GC
34 Dodecanal 1706 1387 0.1 0.1 RI, MS, Co-GC
42 Perillaldehyde 1784 1246 02 0.2 RI, MS, Co-GC
43 2 4-decadienal 1806 1287 K% K RI, MS
Total peak% (Total peak no.) 1.5 (10 1.7 (9)
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Table 1. Continued

N c Retention index Peak% (w/w) o
o omponent DB-wax DB-1 Open field Green house Identification
Esters

16 (E)-Sabinene hydrate 1467 1057 0.1 wx RI, MS

18 Octyl acetate 1475 * * RI, MS, Co-GC
29 Citronellyl acetate 1660 1334 *ok ok RI, MS, Co-GC
31 Decyl acetate 1678 - ok RI, MS, Co-GC
37 Neryl acetate 1723 1342 0.1 0.1 RI, MS, Co-GC
Oxides

14 (Z)-Limonene oxide 1451 1117 *ok ok RI, MS, Co-GC
15 (E)-Limonene oxide 1463 1122 w0k ok RI, MS, Co-GC
24 (E)-Limonene-1,2-epoxide 1564 ok - RI, MS
Ketones

48 Nootkatone 2526 1774 *¥ *ok RI, MS, Co-GC

Total peak% (Total peak no.) 0.2 () 0.1 (8)
47 Unknown 2050 0.2 ok RI
Total peak% 99.7 994

Y_: not detected.

PRI Identification based on retention index, MS: Identification based on comparison of mass spectra, Co-GC: Identification based
on co-injection with authentic standards. Authentic standard chemicals were purchased from Tokyo Kasei Kogyo (Tokyo, Japan),
Nacalai Tesque Inc. (Kyoto, Japan), Aldrich Chemical Co. (USA), Fluka Fine Chemicals (Switzerland), Wako Pure Chemical
Industries (Osaka, Japan), Sigma Chemical Co. (St. Louis, MO, USA), Extrasynthese S. A. (Genay, France) and Ogawa & Co.
Ltd. (Tokyo, Japan) for identification of the oil components.

! peak weight detected less than 0.005%. *#: peak area detected between 0.005% and 0.05%.
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Fig. 1. Gas chromatograms of Hallabong cold-pressed peel oils grown in open filed (A) and green house (B).
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Fig. 2. Flavor properties of fresh Hallabong flesh by sensory
evaluation.

Sensory evaluation was performed by scoring test (the scores
between 9 and 1). The strongest flavor was assigned 9 points,
and the weakest flavor 1 point. The sensory evaluation values
of Hallabong flesh grown in open field and green house were
expressed with black box and white box in oder. Each value is
the mean (n=20). Significant difference in flavor of Hallabong
flesh between grown in open field and grown in green house by
t-test ("p<0.05, “p<0.01, “p<0.001).
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Fig. 3. Taste properties of fresh Hallabong flesh by sensory
evaluation.

Sensory evaluation was performed by scoring test (the scores
between 9 and 1). The strongest taste was assigned 9 points,
and the weakest taste 1 point. The sensory evaluation values of
Hallabong flesh grown in open field and green house were
expressed with black box and white box in oder. Each value is
the mean (n=20). Significant difference in taste of Hallabong flesh
between grown in open field and grown in green house by t-test
("p<0.01, ""p<0.001).
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Fig. 4. Aroma properties of fresh Hallabong peel by sensory
evaluation.

Sensory evaluation was performed by scoring test (the scores
between 9 and 1). The strongest aroma was assigned 9 points,
and the weakest aroma 1 point. The sensory evaluation values
of Hallabong flesh grown .in open field and green house were
expressed with black box and white box in oder. Each value is
the mean (n=20). Significant difference in aroma of Hallabong
flesh between grown in open field and grown in green house by
t-test ("p<0.05, ~"p<0.01, ""p<0.001).
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