CHAPTER 1V

RESULTS

1. Volatile o0il content of Thai pepper from various sources

Most pepper gardens at Chantaburi contain Sarawak
and Sri Lankan cultivars, approximately in the ratio 70:
30, respectively. The plants of both cultivars could be
differentiated from each other by their characteristics
of leaves and fruit berries. The Sarawak cultivar has
smaller leaves and berries than Sri Lankan cultivar (Fig.
18> . This clear distinction allowed us to collect fresh
berries of each cultivar without mixing with the other.
However, the black pepper products obtained from the
fresh berries of both cultivars appeared to have no
difference in size or shape. The only clear difference
between the +two products was found to be their density.
The density of the black pepper of Sri Lankan cultivar,
547.8 + 28.3 g/l1, was usually higher than that of the

Sarawak cultivar, 517.5 + 25.0 g/1.
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Figure 14 Fruit berries of Sarawak (A) and

Sri Lankan cultivars (B).

Preliminary study on the volatile oil content of
Chantaburi black pepper (produced from the mixed berries
of Sarawak and Sri Lankan cultivars) showed that the
product contained up to 2.3% (v/w) of Volatile oil.
Similary, various black pepper samples sold in Bangkok
markets (mostly the products of Chantaburi) also showed
their volatile o0il content in the same range (Table 5).
The total volatile o0il content in Sri Lankan and
Sarawak cultivars were the determined in for both fresh-
green and dry-black pepper products. The results are
shown in Table 5. It can be seen that the Sri Lankan
cultivar showed significantly («x=0.05) higher level of
volatile o0il than the Sarawak cultivar. The Sri Lankan,
either as green or black pepper, contained the voiatile
0il up to 2.73% while the Sarawak cultivar appeared to

contain only 1.78%.



Table 38 Volatile oil content of Thai pepper from various sources
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Pepper Volatile oil content
(% viw dry weight)®

Chantaburi black pepper (mixed cultivars) 2.32+0.11
Black pepper from Bangkok markets 2,12+ 025
Sri Lankan cultivar

- Fresh green pepper 2.68+0.29

- Black pepper 2.73+0.33
Sarawak cultivar

- Fresh green pepper 1.57 + 0.26

- Black pepper 1.78 + 0.26

"" . . . ;3 . .
Each sample was subjected to moisture content determination and the volatile oil content was

calculated based on 10% moisture content of each pepper sample.
Each value represents the mean + SD of six separate preparations.

2. Volatile oil composition of Thai black pepper from

different cultivars

2.1 Gas chromatographic separation of pepper oil

In addition to the volatile

oil content,

composition of the pepper oils obtained from Sarawak and

Sri Lankan cultivars were also compared

by using

gas

chromatography (GC). In this study, the conditions used

for the GC were developed carefully to

separation of all the o0il components

maximize

by a capillary

column coated with polar polyethylene glycol stationary
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Figure 15 Typical
0il obtained from

cultivars.

gC-chromatograms of Thai black pepper

Sri

Lankan (A) and Sarawak

Peak numbers are described in Table 6.
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phase. The resulted GC-chromatograms for the pepper oils
appeared to be similar between the two cultivars as shown

in Fig. 15.

2.2 Identification of pepper o0il constituents

From the chromatograms (Fig. 15), it can be seen
that the pepper oils of both Sri Lankan and Sarawak
cultivars are composed of some similar 30 components.
Among these, peak number 1, 3, 4, 5, 8 and 19 were
apparently the major components of the oil. To identify
these major components as well as other minor ones,
pepper oil samples were subjected to gas chromatography-
mass spectroscopy (GC-MS) analysis. Under the
conditions described in the Materials and Methods, all
30 peaks in the chromatograms could be identified. 1In
practice, the mass spectrum of each component in pepper
oil was compared with the mass spectra of various
authentic components which were kept in the terpene
library by computer (Fig. 27-56 in Appendix). Peak
numbers and name of each components as well as its

chemical group are shown in Table 6.

From these results, it was clear that the major
components of peak numbers 1, 3, 4, 5, 8 and 19 were «o-
pinene, g-pinene, sabinene, Aa—carene, limonene and
p-caryophyllene, respectively. Many other minor components
of pepper oil was 1identified as seven monoterpene
hydrocarbons, eleven sesquiterpene hydrocarbons and six

oxygenated terpene compounds (Table 6).

v



Table 6 Thai pepper oil components separated by GC and identified by GC-MS.
Peak numbers and retention times are corresponded to those shown in Fig.15.

.
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Peak No. Retention time Oil component Structure Chemical group
1 6.44 o-Pinene é ]
2 7.02 Camphene &
3 7.69 B-Pinene é
4 7.89 Sabinene §
3 —b\ Monoterpene
5 8.39 A°-Carene hy ey
6 8.57 Myrcene ) |
7 8.70 a-Phellandrene ?
8 9.47 Limonene ?
9 9.66 p-Cymene ?
d
10 10.72 trans -Ocimene i
11 10.82 Y-Terpinene ?
12 11.20 Terpinolene ?
OH ( —
13 11.44 Linalool g? — Oxygenated monoterpene
D
14 16.53 a-Cubebene @
15 16.98 8-Elemene ;jg\(
16 17.61 a-Copaene ,@’
17 19.01 B-Cubebene @
19.43 o-Gurj \(CQ Sesquiterpene
. i hydrocarbons
19 21.20 B-Caryophyllene %:Q_
20 23.17 oa-Humulene
D
21 24.05 Germacrene D @Y )
22 24.34 o-Muurolene @
23 24.62 Y-Cadinene é(:g
24 25.04 Germacrene B @r
25 25.60 8-Cadinene ?:)\ e
3 oH i
26 32.59 trans -Nerolidol g:/lp(
Ca 11 ide
27 31.20 ryophyllene oxi w b
28 33.74 Spathulenol sesquiterpenes
o, oH
29 37.87 tau -Muurolol /g)ij
30 38.26 Torreyol _
OH
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2.3 Relative composition of Thai pepper oils from

different cultivars

In term of relative quantity, however, it was
found that the two cultivars were considerably different
in their oil proportions of monoterpenes, sesquiterpenes
and oxygenated compounds. As shown in Table 7, the Sri
Lankan cultivar pepper o0il was found to contain 43%
monoterpenes, 50% sesquiterpenes and 3.9% oxygenated
compounds whereas the Sarawak cultivar’s was found to be
57%, 40% and 1.3% respectively. The higher content of
the monoterpenes in the Sarawak cultivar pepper oil
appeared to be contributed mainly by s’ -carene and
limonene which were found to contain up to 20.2% and
16.3% respectively. These were much higher than the
monoterpenes of the Sri Lankan cultivar which contained
only 6.3% a’-carene and 11.8% limonene (Table 7). For
the total sesquiterpene hydrocarbons, its higher content
in the Sri Lankan cultivar appeared to be contributed
mainly by s-caryophyllene which contained up to 38%
compared with 31% found in the Sarawak cultivar pepper
oil. For the total oxygenated compounds, the higher
content found in the Sri Lankan cultivar was contributed
by all the oxygenated components, except for linalool

(Table 7).

3. Quantitative analysis of major components in Thai

pepper oil

3.1 cCalibration curves

Figure 15 and Table 7 show that s-caryophyllene



Table 7 Composition of Sri Lankan and Sarawak cultivars black pepper oil
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Pepper oil composition (% relative)*

Constituent Sri Lankan Sarawak
cutivar cultivar
Monoterpene hydrocarbons
o-Pinene 8.96 3.97
Camphene 0.28 0.08
B-Pinene 6.74 8.36
Sabinene 4.44 0.14
A3-Carene 6.34 20.23
Myrcene 1.69 2.46
a-Phellandrene 1.10 432
Limonene 11.84 16.28
p -Cymene 0.94 0.29
trans -Ocimene 0.06 0.16
y-Terpinene 0.13 . 0.03
Terpinolene 0.55 0.53
Total monoterpenes 43.07 56.85
Sesquiterpene hydrocarbons
o-Cubebene 0.20 0.10
S-Elemene 1.12 2.05
o-Copaene 3.66 2.28
b-Cubebene 0.46 0.28
a—Gurjunene 0.46 0.28
B-Caryophyllene 38.21 30.76
o-Humulene 1.97 1.91
Germacrene D 0.38 0.04
o-Muurolene 0.48 0.24
y-Cadinene 0.74 0.35
Germacrene B 0.87 0.24
§-Cadinene 1.47 1.04
Total sesquiterpenes 50.02 39.57
Oxygenated compounds
Linalool 0.30 0.91
trans -Nerolidol 0.85 0.04
Caryophyllene oxide 0.71 0.34
Spathulenol 0.33 tré+
tau -Muurolol 0.37 i
Torreyol 1.30 trés
Total oxygenated compounds 3.86 1.29
Unknown fractions 3.05 2.29

*% relative=% integated area
**tr=Trace
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Figure 16 Calibration curves of «-pinene (A), p=pinene
(B), sabinene (C) , a°-carene (D) , limonene (E) and

g-caryophyllene (F).
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(sesquiterpene), x-pinene, p-pinene, sabinene, e
carene and limonene (all monoterpenes) are the major
pepper oil components in Thai pepper oil. These
components are important owing to their contribution to
the odour quality of pepper oils. In this study, these
compounds were determined for their absolute quantities
in the black pepper. This quantitative analysis was
carried out by GC wusing calibration curves of each
authentic compound for «calculation (Fig. 16). The
calibration curves were linear over the studied range
(13-332 wul/ml for «-pinene, 14-314 ul/ml for g-pinene,
3-51 u#l/ml for sabinene, 14-142 ul/ml for As—carene,
25-200 wul/ml for 1limonene and 17-358 ul/ml for
p-caryophyllene), with correlation coefficients of
0.997 or higher. Tridecane was chosen as internal
standard because its peak was sharp, symmetrical and
well separated from components in pepper oil. Under these

conditions, the retention time of tridecane was 12.45 min.

3.2 The content of major components in Thai pepper oil

The resulted content of each major component was
expressed in the unit of percent v/w of dry black pepper
weight rather than percent v/v pepper oil since these
values would give a more direct information on the actual
level of each component in the black pepper. As shown in
Table 8, it was found that the levels of «-pinene, g-
pinene, sabinene and g-caryophyllene in Sri Lankan
cultivar black pepper were considerably higher than those
in Sarawak cultivar while the level of a’-carene in Sri

Lankan cultivar was slightly lower than those in Sarawak



57

cultivar and the level of limonene in both types of black
pepper appeared to be the same. Table 8 also shows that
the one percent higher of the total volatile oil of Sri
Lankan cultivar (2.73%) over the Sarawak’s (1.78%) is
mainly the result of «-pinene, g-pinene, sabinene and g-
caryophyllene. The content of these four components in
the Sri Lankan cultivar is approximate 0.80% higher than

their content in the Sarawak cultivar.

Table 8 The content of pepper oil major components

Content (% v/w dry weight)
Major component
Sri Lankan cultivar Sarawak cultivar

Total volatile oil 2.7340.33 1.7840.26
Q-Pinene 0.30+0.01 0.0640.002
B-Pinene 0.2440.01 0.14+0.01
Sabinene 0.13+0.02 0.002+0.0002
A3-Carene 0.1440.01 0.2240.02
Limonene 0.3240.03 0.27+0.01
B-Caryophyliene 0.8740.03 0.54+0.03

Each value represents the mean + SD of six separate preparations.



PR SR RS A R R

&

AR R

A g i Sl

58

-

4. Quantitative analysis of piperine in Thai pepper

4.1 HPLC separation of piperine
The content of piperine, the major pungent
alkaloid in pepper, was determined by high performance
liquid chromatography (HPLC). This method could separate
piperine from other derivatives of piperine such as
piperettine in pepper extract. The chroﬁatogram of

standard piperine and pepper extract are shown in Fig. 17.

&
7 1o
[Te) N
el
H o
[+ 9K & o
Q -
RN
@t
® ®
L ; e
3]
A ;]

Figure 17 HPLC chromatrograms of standard

piperine (A) and pepper extract (B).
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4.2 Calibration curve
The calibration curve of piperine is shown in
Fig. 18. It showed linearity of the relationship in the
range 48-274 wug/ml and the correlation coefficients was

found to be 0.999 for piperine.
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Figure 18 Calibration curve of piperine.
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4.3 Piperine content in the pepper cultivated in

Thailand

In addition to the pepper o0il content, the
amount of piperine accumulated in Thai black pepper of
various sources was also examined. Using the HPLC
method, it was found that piperine in pepper from Sri
Lankan cultivar (4.96% w/w) contained significantly
(x=0.05) higher level +than those from Sarawak cultivar
(3.82%) (Table 9). The piperine content of Chantaburi
black pepper which is produced from the mixed berries
of Sarawak and Sri Lankan cultivars showed an intermediate
value of 3.94% of piperine. Similarly, various black
pepper samples sold in Bangkok markets (mostly the
product of Chantaburi) also showed the same range of

piperine content of 3.46%.

Table 9 Piperine content in black pepper from various sources

Black pepper Piperine (% w/w)
Chantaburi black pepper (mixed cultivars) 3.94+0.10
Black pepper from Bangkok markets 3.46+0.11
Sti Lankan cultivar . 4.96+0.19
Sarawak cultivar 3.82+40.32

Each value represnts the mean + SD of six separate preparations.
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5. Comparison of volatile constituent and piperine content

among black pepper products of Thailand and other

countries

5.1 Volatile o0il and piperine contents

Table 10 shows the contents of volatile oil
(determination by distillation) and piperine (by HPLC) in
the black pepper obtained from India, Brasil, Malaysia
and in the local products of Thailand. The black pepper
from Malaysia (3.20% v/w) and India (3.19%) was found to
have highest levels of volatile oil, followed closely by
the Brasil pepper (3.10%). The Thai black pepper,
however, showed lower levels of the volatile oil content,
with 2.73% in the Sri Lankan and 1.78% in the Sarawak

cultivars.

For the piperine content, on the other hand, the
black pepper from Thailand’s Sri Lankan cultivar was
found to contain the highest level with 4.96% w/w. This
was more than one percent higher than the piperine level
found in the black pepper from Malaysia, India and Brasil
(3.78, 3.71 and 3.58%, respectively). For Thailand’s
Sarawak cultivar, piperine content (3.82%) was also found
to be significantly (x=0.05) lower than the Sri Lankan

cultivar but slightly higher the foreign black pepper.
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Table 180 Volatile oil and piperine contents of black pepper obtained from
Brasil, India, Malaysia and Thailand,

Pepper Volatile oil (% v/w) Piperine (% w/w)
Brasil 3.1040.16 3.58+0.10
India 3.19+0.14 3.71+0.14
Malaysia 3.20+0.14 3.78+0.14
Thailand
- Sri Lankan cultivar 2.73+0.33 4.96+0.19
- Sarawak cultivar 1.78+0.26 3.8240.12

Each value represents the mean + SD of six separate preparations.

5.2 Volatile oil composition

Volatile o0il composition in pepper o0il distilled
from the black pepper of various countries were compared
by using gas chromatography (GC). GC chromatograms of
the pepper oils from Thailand, Brasil, India and Malaysia
are shown in Fig. 19. Among these, the black pepper oils
from Thailand’s Sri Lankan cultivar and Brasil showed
significantly higher 1levels of «-pinene than those fronm
other countries. The proportion of sabinene in the
pepper oils from Thailand’s Sri Lankan, Brasil and India
showed high 1level whereas the sabinene contents in

Thailand’s Sarawak cultivar and in Malaysian pepper oil
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were very low. 1In addition, “the chromatograms show that
black pepper oils from Thailand’s Sarawak cultivar, India
and Malaysia contained high levels of s -carene whereas
the proportion of «-phellandrene in the pepper oil from
Thailand’s Sri Lankan cultivar and p-caryophyllene in

pepper oil from India showed the lowest levels.

From the chromatograms, the relative level of
each component in the black pepper o0il of different
sources was determined. As shown in Table 11, the
proportion of total monoterpene hydrocarbons in the
pepper oil from India (61.54%) appeared to be highest and
the 1level of pepper o0il from Brasil (57.02%) was similar
to that of Thailand’s Sarawak cultivar (56.85%). The
lowest level of total monoterpene hydrocarbons was found
in the. pepper o0il from Thailand’s Sri Lankan cultivar
(43.07%) . In term of the proportion of total
sesquiterpene hydrocarbons, the pepper oil from
Thailand’s Sri Lankan cultivar (50.02%) showed the
highest 1level and the pepper oils from Brasil (38.52%)
and from Thailand’s Sarawak cultivar (39.57%) were found
to have similar moderate contents. The pepper oil
from India, on the other hand, showed the lowest level of
total sesquiterpene hydrocarbons (31.52%). For the
proportion of total oxygenated compounds, the Indian
pepper o0il showed the highest level (4.17%) whereas the

Malaysian pepper oil (1.22%) showed the lowest level.

The pepper oil composition from Brasil was devoid

of v-terpinene, «-cubebene and tau-muurolol, the pepper
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Figure 19 Typical GC-chromatograms of black pepper oil
from Thailand , Brasil , India and Malaysia. Peak numbers

are described in Table 6.



Table 11 Composition of pepper oil obtained from Brasil,India,Malaysia and Thailand
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Pepper oil composition (% relative)*

Constituent Thailand Thailand
Brasil India Malaysia Sri Lankan Sarawak
cutivar cultivar
Monoterpene hydrocarbons
o-Pinene 7.04 5.45 3.14 8.96 3.97
Camphene 0.15 0.09 0.06 0.28 0.08
B-Pinene 9.61 8.74 6.15 6.74 8.36
Sabinene 7.64 11.04 0.28 4.44 0.14
A3-Carene Sd 1 11.18 20.12 6.34 20.23
Myrcene 179 1.99 1.94 1.69 2.46
o-Phellandrene 3.95 3.48 3.79 1.10 4.32
Limonene 17.92 16.07 11.71 11.84 16.28
p -Cymene 2.34 2.61 0.25 0.94 0.29
trans -Ocimene 0.08 0.17 0.10 0.06 0.16
¥-Terpinene trik* 0.18 ' Sy 0.13 0.03
Terpinolene 0.73 0.54 1.04 0.55 0.53
Total monoterpenes 57.02 61.54 48.78 43.07 56.85
Sesquiterpene hydrocarbons
o-Cubebene trk* 0.12 0.09 0.20 0.10
d-Elemene 0.50 0.35 0.73 1.12 2.05
o-Copaene 1.47 1.93 0.18 3.66 2.28
b-Cubebene 0.18 0.20 tr** 0.46 0.28
o—Gurjunene 0.09 0.24 0.24 0.46 0.28
B-Caryophyllene 28.54 19.86 39.20 38.21 30.76
o-Humulene 1.47 123 2.22 1.97 1.91
Germacrene D 0.10 0.10 ¢ 0.38 0.04
a-Muurolene 0.43 0.51 0.30 0.48 0.24
y-Cadinene 4.47 547 4.60 0.74 0.354
Germacrene B 0.40 0.58 0.32 0.87 0.24
d-Cadinene 0.87 0.93 0.11 1.47 1.04
Total sesquiterpenes 38.52 31.52 47.99 50.02 39.57
Oxygenated compounds
Linalool 0.37 0.55 0.73 0.30 091
trans -Nerolidol 0.31 0.34 e 0.85 0.04
Caryophyllene oxide 0.45 0.26 0.49 0.71 0.34
Spathulenol 0.20 0.85 trk* 0.33 r¥*
tau -Muurolol tre* 1.59 e 0.37 (k%
Torreyol 0.68 0.58 ik 1.30 trik
Total oxygenated compounds |2.02 4.17 1.22 3.86 1.29
Unknown fractions 2.45 2.7 2.01 3.05 2.29

*% relative=% integated area
**r=Trace
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oilvfrom Malaysia was devoid of g-cubebene, germacrene D,
trans-nerolidol, spathulenol, tau-muurolol and torreyol,
the pepper 0oil from Thailand’s Sarawak cultivar was
devoid of spathulenol, tau-muurolol and torreyol while
the pepper o0il from 1India and Thailand’s Sri Lankan
cultivar contained all volatile components possibly

identified by GC-MS.

The major pepper o0il components from Brasil,
India, Malaysia and Thailand are shown in Table 12. It
was found that «o-pinene 1level 1in the pepper oil from
Brasil was similar to that in Thailand’s Sri Lankan
cultivar (0.28% and 0.30%, respectively) while Thailand’s
Sarawak cultivar showed the 1lowest 1level of «-pinene
(0.06%). For g-pinene, the pepper oils from Brasil and
India contained high levels of g-pinene (0.36% and 0.35%,
respectively) and the proportion of g-pinene in the
pepper o0il from Malaysia was similar to the level in
Thailand’s Sri Lankan cultivar (0.23% and 0.24%,
respectively) while Thailand’s Sarawak cultivar showed
the lowest 1level of pg-pinene (0.14%). The content of
sabinene was found to be highest and lowest in the pepper
oil from 1India (0.34%) and Thailand’s Sarawak cultivar
(0.002%), respectively. For +the level of Aa—oarene,
the pepper o0il from Malaysia showed the highest content
(0.47%)> while those from Thailand’s Sri Lankan cultivar
and Brasil were {found to be 1low (0.14% and 0.15%,
respectively). The pepper o0ils from Brasil and India
contained the same highest levels of limonene (0.50%) and

those from Malaysia was similar to the level of limonene
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in Thailand’s Sri Lankan cultivar (0.34% and 0.32%,

while Thailand’s Sarawak cultivar contained

the

respectively)

the 1lowest level of limonene (0.27%). 1In addition,

proportion of g-caryophyllene showed the highest level in
pepper oil from Malaysia (0.95%) and contained relatively

level in the pepper o0il from Thailand’s Sri Lankan

high

cultivar (0.87%) while those from India contained the

lowest level of g-caryvophyllene (0.47%). The total major

pepper o0il components from these five sources contained

in the range 67-73% of their own pepper o0il content.

Table 12 The content of volatile oil major components obtained from the

black pepper of Brasil, India, Malaysia and Thailand

Content (% v/w dry weight)
Major component Thailand Thailand
Brasil India | Malaysia | Sri Lankan Sarawak
cultivar cultivar
Total volatile oil | 3.10:40.16! 3.19+40.14| 3.20+0.14| 2.734+0.33 1.7840.26
o-Pinene 0.2840.02 | 0234002 |0.13+0.01 0.30+0.01 0.0640.002
B-Pinene 0.3640.02 | 0.3540.02 | 0.23+0.01 0.24+0.01 0.1440.01
Sabinene 0224002 |0.34+002 |0.01+0.004 | 0.13+0.02 0.002+0.0002
A?-Carene 0.1540.03 | 0284003 | 0.4740.03 0.14+0.01 0.2240.02
Limonene 0504001 | 050+0.02 | 0.34+0.01 0.3240.03 0.2740.01
B-Caryophyllene 0664001 | 0474001 |0.95+0.04 0.8740.03 0.54+0.03

Each value represents the mean + SD of six separate preparations.
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6. Changes in volatile o0il and piperine contents during

the maturation of pepper berries

6.1 Changes in volatile o0il and piperine contents

During the maturation of pepper berries, the
contents of volatile o0il and piperine were found to
fluctuate during a period of 6 months (Table 13). For
Sri Lankan cultivar, the black pepper showed a rise in
both volatile o0il content, from 2.87% in the first month
to 7.13% in the third month, and piperine content, from
0.51% from the first month to 8.29% in the third
month. Thereafter, the level of both components
decreased continuously until maturation of the berries
" which contained 2.79% volatile o0il and 4.06% piperine.
The Sarawak cultivar, pepper berries showed similar
patterns of volatile o0il and piperine accunulation
except the levels of both components were lower than the
Sri Lankan cultivar at all stage of development. Again,
the maximum volatile o0il and piperine contents were
found in the +third month with 5.30 and 6.42%
respectively. The mature berries (6 months o0ld) finally
contained 2.35% volatile o0il and 2.99% piperine. In term
of density, the black pepper berries of both cultivars
reached their maximum values at the fifth month (647.0
and 613.8 g/1 in Sri Lankan and Sarawak cultivars,
respectively) and declined after that. At the third
month of pepper berries, although the volatile o0il and
piperine contents of both cultivars appeared to be
maximal, their density were significantly lower than the

fifth month (Table 13). Consequéently, the pepper berries



Table 13 Volatile oil content, piperine content and density of pepper berries.
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Pepper berries Volatile oil Piperine Density
(months) (% viw) (% wiw) (g/1 of black pepper)

Sri Lankan cultivar
1 2.87+0.07 0.51+0.02 212.8+7.9
2 3.80+0.05 3.1740.15 216.2+42.9
3 7.13+0.11 8.29+0.24 422.316.2
4 5.2240.24 8.16+0.18 533.249.2
3 3.74+0.01 4.98+0.25 647.0+5.3
6 2.79+0.03 4.06+0.19 631.5+6.6

Sarawak cultivar
1 3.10+0.05 0.83+0.04 220.4+3.6
2 5.18+0.13 5.30+0.23 228.8+5.9
3 5.30+0.15 6.42+0.20 347.41+3 .4
4 4.38+0.08 3.40+0.15 342.0+42.3
5 3.00+0.12 3.24+0.07 613.8+5.9
6 2.35+0.08 2.99+0.18 595.845.8

Each value represents the mean + SD of six separate preparations.
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at the third month were considered being immature and
too early for harvesting. The 5 months old of pepper
berries were, therefore, likely to be suitable for
harvesting although it contained volatile o0il and

piperine 1lower than the maximum.

6.2 Changes in volatile oil composition

The volatile composition of +the pepper oil
obtained during the maturation of pepper berries of Sri
Lankan and Sarawak cultivars are shown in Tables 14 and
15, respectively. It can be seen that the pepper berries
from both cultivars with one month old showed very low
Jevel of total monoterpene hydrocarbons (19.22% for Sri
Lankan and 20.78% for Sarawak cultivars) but fairly high
level of total sesquiterpene hydrocarbons (72.39% for Sri
Lankan and 75.66% for Sarawak cultivars). It should be
noted that the one month old pepper berries contained
undetectable p-cymene in both cultivars and undetectable

sabinene in the pepper oil from Sarawak cultivar.

At the second month, the proportion of total
monoterpene hydrocarbons and each component, of
monoterpene hydrocarbon were found to increase up to
43.85 and 53.37% in the pepper oil of Sri Lankan and
Sarawak cultivars, respectively. On the other hand, the
proportion of total sesquiterpene hydrocarbons and each
component of sesquiterpene hydrocarbon were decreased to
52.08% for Sri Lankan and 46.35% for Sarawak cultivars.
For subsequent stages of maturity (from 2 to 6 months),
the components in pepper oil from both cultivars showed

no significant variation.



Table 14 Composition of pepper oil from Sri Lankan cultivar pepper berries

during the development (% relative™®).

Constituent Age of berries (months)
1 2 3 4 5 6
Monoterpene hydrocarbons
a-Pinene 6.75 [12.20]113.02{12.31|12.00] 11.05
Camphene 0.21 [0.36 |0.35 |0.34 [0.32 |0.32
B-Pinene 3.52 |8.95 19.28 |9.10 |9.23 |8.88
Sabinene 0.56 [4.22 [4.40 |4.99 |4.87 [4.31
A3-Carene 1.87 16.54 |7.00 |16.90 |6.68 |6.30
Myrcene 0.64 [1.81 [2.00 |2.02 |1.97 |1.74
a-Phellandrene 0.65 [1.84 |2.02 |2.04 |192 |1.95
Limonene 4.74 114.03|114.26|15.54115.20] 14.69
p -Cymene r** 10.47 10.50 10.54 (045 |0.40
trans -Ocimene 0.28 10.45 [0.50 [0.48 [0.45 |0.43
Total monoterpenes 19.22150.87]53.33154.26] 53.09 50.07
Sesquiterpene hydrocarbons
o-Cubebene 0.60 {0.25 [0.21 |0.12 |0.13 ]0.16
d-Elemene 291 |1.39 |1.20 ]0.94 [0.90 |0.89
a-Copaene 10.3313.82 |3.60 [3.20 |3.14 |3.53
b-Cubebene 0.98 [0.45 [0.42 10.37 |0.40 |0.41
o—Gurjunene 0.31 {0.19 [0.16 |0.12 |0.10 ]|0.12
B-Caryophyllene 41.32134.28133.52]134.05|34.68]35.74
a-Humulene 2.61 [1.68 |1.54 |1.58 [1.56 |1.75
Germacrene D 0.52 10.28 10.23 |0.23 {0.24 |0.25
a-Muurolene 2.20 10.67 10.60 {0.52 [044 ]0.51
Y-Cadinene 1.28 10.58 |0.50 |0.46 [0.48 |0.59
Germacrene B 3.60 |1.18 |1.02 |0.90 |0.66 |0.76
d-Cadinene 573 11.65 11543142 11.22 |1.61
Total sesquiterpenes 72.39146.42144.54|43.91|43.95]46.32
Oxygenated compounds
Linalool 0.12 {0.31 [0.28 ]0.21 ]0.30 ]0.26
trans -Nerolidol 0.44 {0.30 [0.44 ]0.54 |0.68 |0.40
Caryophyllene oxide 0.14 10.07 |0.10 {0.10 [0.10 |0.12
Spathulenol 0.19 {0.14 [0.14 10.12 ]10.29 |0.18
tu -Muurolol 0.50 {0.30 [0.32 |0.34 |0.34 |0.36
Torreyol 1.73 11.17 |0.85 [0.34 |[1.21 |1.18
Total oxygenated compounds |3.12 [2.29 |2.13 [1.65 [2.92 |2.50
Unknown _fractions 527 [0.42 [0 |0.18 [0.04 [1.11

*% relative = Y% integated area
**tr=Trace

71



Table 15 Composition of pepper oil from Sarawak cultivar pepper berries during the

development (% relative*).

Constituent Age of berries (months)
1 2 3 4 5 6
Monoterpene hydrocarbons
o-Pinene - 1.72 |3.94 |14.02 |4.35 |4.26 |3.72
B-Pinene 3.72 |7.99 |7.91 |9.03 |8.88 |8.27
Sabinene tr** 10.13 [0.56 [0.38 [0.14 |0.20
A3-Carene 5.56 |17.16]16.06]15.98]15.72|15.70
Myrcene 0.78 12.27 |2.18 |2.40 |2.30 |2.18
a-Phellandrene 1.45 |4.17 |13.90 |4.20 [4.00 [4.39
Limonene 7.55 |15.66115.64(17.23|17.01|17.26
p -Cymene t** 10.08 10.10 |10.08 |0.06 |0.09
Total monoterpenes 20.78151.37150.37] 53.65|52.37| 51.81
‘Sesquiterpene hydrocarbons
a-Cubebene 0.44 {0.16 [0.10 {0.10 {0.10 |0.12
d-Elemene 5.32 |2.06 |2.14 |2.18 |1.39 |1.15
a-Copaene 10.06]3.52 |3.25 |3.40 |2.64 |2.43
b-Cubebene 0.88 {0.34 {10.30 [0.36 |0.32 |0.28
a—Gurjunene 0.48 10.20 {0.22 |0.20 |0.11 |0.23
B-Caryophyllene 46.32135.30135.67]35.09| 38.94]39.52
o-Humulene 2.78 [1.80 |1.73 |1.90 [1.83 | 1.85
o-Muurolene 0.58 [0.24 10.20 [0.26 |0.21 |0.22
v-Cadinene 391 |1.05 10.88 |0.58 |0.30 [0.40
Germacrene B 0.66 {0.28 [0.20 [0.30 {0.18 ]0.21
d-Cadinene 4.23 1140 [1.20 {1.02 |0.02 |0.98
Total sesquiterpenes 75.66]46.35145.89145.39]46.04]47.39
Oxygenated compounds
Linalool 0.23 [0.86 [0.64 [0.64 |0.56 ]0.52
Caryophyllene oxide 0.23 10.17 {0.28 [0.24 |0.19 |0.22
Total oxygenated compounds |0.46 |1.03 |0.92 |0.88 |0.75 [0.74
Unknown fractions 3.10 |1.05 ]2.82 {0.08 10.84 |0.06

*% relative = % integated area
**tr=Trace
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6.3 Changes in the conteht of major oil components

In term of major oil components in the pepper
0il obtained during the maturation of the pepper berries
from both cultivars (Fig 20), it was found that both Sri
Lankan and Sarawak cultivars showed 1low levels of -
pinene, g-pinene, sabinene, s -carene and limonene.
Especially, sabinene was devoid in Sarawak cultivar while
p-caryophyllene showed high 1level in both cultivars at

one month old of the pepper berries.

For subsequent stages of maturity, the proportion
of «-pinene, g-pinene, sabinene, a -carene and limonene
in pepper o0il from both cultivars were markedly increased
at the second month of pepper berries to the relatively
constant level throughout, the course of 6-month period
of maturity. On the other hand, the proportion of g-
caryophyllene in pepper o0il from both cultivars were
decreased at the éecond month of pepper berries and
slightly decreased to a minimum at the forth month, and
then increased slowly until the sixth month of maturity.
Therefore, it appeared that the patterns of accumulation
of major o0il components during the maturation of the
pepper berries from both Sri Lankan and Sarawak cultivars

were essentially the same.
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Figure 20 Changes in the contents of major components

in pepper oil obtained from Sri Lankan (A) and Sarawak
cultivars (B) pepper berries. a-Pinene (0——0 ) ,

g-pinene (A~—A), sabinene (o—10), a’-carene (e—@),

limonene (m—m=m) and g-caryophyllene (A—na).
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7. Stability of volatile constituents in black pepper

and pepper oil during storage
7.1 Volatile oil in stored black pepper

7.1.1 Changes in volatile oil content

Changes in the volatile oil content in
black pepper during storage for a period of eight months
at room temperature in tight container was carried out.
It was found that the volatile oil level in black pepper
had no significant («x=0.05) change during such a storage
(Fig. 21). These results indicate that the black pepper
from fully developed berries can be stored at least

eight months without affecting the volatile 0il constant.

VOLATILE OIL CONTENT (% V/V)
N

-
boo
b

0 1 2 3 4 5 6 7 8
STORAGE PERIOD (MONTHS)

Figure 21 Changes in the volatile oil content in black

pepper during a period of 8-month storage at roon

temterature.



76

.

7.1.2 Changes in volatile o0il composition

In addition to the volatile oil content,

the volatile oil composition of the stored black pepper

was also examined. As shown in Table 16 and Fig. 22, the
proportion of total monoterpene hydrocarbons showed no
significant variation (x=0.05) from 56.96% at the first
month to 57.39% at the eighth month of storage. The
proportion of total sesquiterpene hydrocarbons showed
no significant variation («=0.05) from 42.39% to
39.10%. For the oxygenated compounds, the amount of
caryophyllene oxide could only be detected in pepper oil
after 4 months of storage. It was possible that the
decrease in pg-caryophyllene from 34.11% at the first
month to 32.28% at the eighth month resulted from its

conversion to caryophyllene oxide.

7.1.3 Changes in the content of major oil

components

For quantitative analysis of major oil
components in the stored black pepper, it was found that
the levels of «-pinene, g-pinene, As—carene, limonene
and p-caryophyllene were slightly decreased during such
an 8-month storage (Fig. 23). This suggested that the
major oil components were relatively stable during being
stored in the black pepper. Therefore, the black pepper
can be stored at least eight months at room temperature

in a tight container.
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Table 16 Composition of pepper oil from black pepper during storage at room temperature(% relative*)

Storage period (months)
Consgzat 0 1 3 3 4 5 6 7 8
Monoterpene hydrocarbons
o-Pinene 344 (339 336 |356 344 |392 |3.61 3.44 3.69
Camphene tr+* tre* tr* tr+* tr+* tr+* 1+ tr+* tre*
B-Pinene 807 |792 |787 [830 |8.11 858 |8.08 |7.80 8.08
Sabinene 016 Jois o1z o1z Joa4 joar (o008 Jo12 |o0.12
A3-Carene 20.16 |2004 |19.99 |20.45 |2044 |2020 |19.78 |19.74 |20.02
Myrcene 220 |24 |246 |243 |247 |256 |232 237 2.52
o-Phellandrene 433 |438 |435 463 |450 459 [400 |4.26 4.64
Limonene 1747 11736 |1733 |1748 |17.53 |17.70 |1695 |1671 |17.28
p -Cymene 022 0.21 0.26 0.14 0.18 0.17 0.14 0.10 0.12
trans -Ocimene r* e+ tr+* tr+* trt* tré* rt* tr+* r+*
vy-Terpinene tre* tr+* tr** tr* tr+* tr+* tr+* tr+* r**
Terpinolene 091 lo92 |o9o o9 Jo97 Joo2 |oss |o090 |0.92
Total monoterpenes 56.96 |56.51 |56.64 |58.13 |57.78 |58.75 |55.84 |55.44 |57.39
Sesquiterpene hydrocarbons
o-Cubebene tr¥* re* tr¥* tr** tk* trE* tre* tre* tr**
3-Elemene 1.80 | 1.81 1.75 1.51 1.66 157 |160 |1.97 1.54
o-Copaene 264 1262 |251 230 228 223 253 239 2.25
B-Cubebene 033 lo32 Jo3o (o028 o027 o026 |028 |o026 025
o-Gurjunene 028 020 J|o26 Jo20 o015 o014 Joa6 |o0.12 |0.07
B-Caryophyllene 3411 |3471 |3470 {3336 |33.26 |[3237 |34.41 |[3434 |3228
o-Humulene 1.74 1.68 1.64 156 |1.56 1.53 1.62 1.61 1.50
Germacrene D trk* tre* tre* trk* tr* trk* tr+* tr¥* tr+*
o-Muurolene 010 jo12  jo.11 014 Joaz Joas o012 o4 |o11
y-Cadinene 047 043 |o46 |o044 o042 |o4s |oso |o4s 026
Germacrene B tr+* tr+* tre* tr+* tre* e tre* tr** tr+*
d-Cadinene 092 lose |oss |os87 Jo78 Jo78 |089 |084 |0.84
Total sesquiterpenes 42.39 |42.84 |42.58 |40.60 |40.50 |39.48 |42.11 |42.13 |39.10
Oxygenated compounds
Linalool 064 |06t 070 |o076 082 |o90 |0.88 091 1.00
trans -Nerolidol ik tr+* tr+* tr* tr* trk* tre* tr+* tr+*
Caryophyllene oxide tr¥* tr+* r* tre* 0.34 043 0.48 0.50 0.48
Spathulenol tre* tre* tr+* trk* e+ tre* tr** tr** tr**
tau -Muurolol trk* tr¥* tr+¥ tr* tr+* tr¥* tr¥* tr+* trk*
Torreyol tr* e tr+* tr* tre* tre* tr+* tr+* e
Total oxygenated compounds [0.64 |0.61 |0.70 |0.76 |1.16 |1.33 |1.36 |1.41 |1.48
Unknown fractions 0.1 004 Joos Jost Jose Jo044 1069 1.02 ]2.03

*% relative=% integated area
**r=Trace
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Figure 22 Relative changes in the contents of total
monoterpenes (A), total sesquiterpenes (B) and
total oxygenated compounds (C) in the pepper 0il that
were extracted from the stored black pepper at

room temperature for an 8-month period.
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Figure 23Changes in the contents of major components in

pepper oils that were extracted from the

stored black

. pepper at room temperature for a 8-month period.

«-Pinene (0—o0), B-pinene (bL—a), As-carene {o——0y,

limonene (»m——w) and g-caryophyllene (a——4),
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7.2 Stored pepper oil

7.2.1 Changes in volatile o0il composition

Samples of pepper oil were kept at both
room temperature and 4°C in tight containers in order
to study changes in volatile components in pepper oil
during storage. As shown in Table 17 and Fig. 24, the
proportion of total monoterpene hydrocarbons in pepper
0il at 4°C was decreased from 52.31% at the first month
to 47.37% at the eighth month of storage. The decrease
was contributed by every component of the monoterpene
hydrocarbons, especially terpinolene which decreased to
an undetectable amount by 5 months of storage. Also, the
proportion of total sesquiterpene hydrocarbons also
decreased from 45.90% at the first month to 42.72% at the
eighth month of storage which resulted from the decrease
of each component of sesquiterpene hydrocarbons. On the
other hand, the proportion of total oxygenated compounds
was found +to increase continuously from 1.56% at the
first month to 6.09% at the eighth month of storage. The
increase could be observed clearly at the third month of
storage in which a number of oxygenated compounds were
increased (Table 17). Among the oxygenated compounds,
linalool, ¢trans-nerolidol and torreyol were found to
increase firsﬁ followed by caryophyllene oxide,
spathulenol and fau-muurolol which were found to increase
after three months of storage. Therefore, at 4°¢C, it
appeared that there was a relative decrease 1in the
components of monoterpene and sesquiterpene hydrocarbons

but increase in the proportion of oxygenated compounds.
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At room temperature (Table 18 and Fig. 25), it
was found that the proportion of total monoterpene
hydrocarbons decreased more than 50% from 49.24% at the
first month to 23.97% at the eighth month of storage.
Particularly, camphene, p-cymene and terpinolene wvere
found to decrease to an undetectable amount at 5 months
of storage and «-phellandrene was undectectable at 6
months of storage. Similarly, The proportion of total
sesquiterpene hydrocarbons also decreased from 48.34% at
the first month to 31.89% at the eighth month of storage.
This was due to the decrease of evefy sesquiterpenes,
especiaally x-muurolene which decreased to an
undetectable amount at 5 months of storage. On the other
hand, the level of total oxygenated compounds was found
to dramatically increase from 1.64% at the first month
to 25.96% at the eighth month of storage. This increase
was resulted from the rise of every oxygenated component,
particularly, caryophyllene oxide, spathulenol and tau-
muurolol which were undetectable in the fresh pepper oil.
The sharp increase of this group was observed after 3
months of storage, especially caryophyllene oxide which
is present up to 22.04% at 8 months of storage. This
result indicate that monoterpene and sesquiterpene
hydrocarbons in pepper o0il are much more unstable at room
temperature (Fig. 25) than at 4°C (Fig. 24), although
it seens that no significant difference in the oil
compositions during the first two months of storage under

the two different temperatures.



82

Table 17 Composition of pepper oil during storage at 4°C (% relative*)

Storage period (months)
Constituent 0 1 2 3 4 5 6 7 8
Monoterpene hydrocarbons
o-Pinene 651 |645 636 |626 |6.48 640 |638 |6.69 6.35
Camphene 017 J|oi6 |o017 |oies (017 Joa7 |ois 017 ]0.17
B-Pinene 796 795 792 |78 795 |796 |790 [8.19 |7.68
Sabinene 250 |257 |244 |247 246 |246 |246 260 |2.46
A3-Carene 13.13 |13.04 |13.02 |1296 |13.03 |12.82 |1265 |12.63 |11.85
Myrcene 201 208 |206 |200 J196 193 190 |1.89 1.75
o-Phellandrene 235 234 230 [226 [223 1.73 1.40 1.27 0.75
Limonene 1671 |1670 |1667 |1665 |1638 |1670 |1640 1673 |16.16
p -Cymene 040 |037 Jo3s |o035 o037 Jo34 Jo30 ]013 ]o.20
trans -Ocimene tre* e e tr+* we e tr* tre* tr+*
¥-Terpinene rk* tre* tre* tr* tre* tr+* I+ trk* trk*
Terpinolene . 054 054 Jo054 J052 (052 |u+ tr+* tr+* tr+*
Total monoterpenes 52.31 {52.20 |51.83 {51.52 |51.55 |50.55 |49.57 |50.30 |47.37
Sesquiterpene hydrocarbons
o-Cubebene tre* tr** tr** tre* tr** tr** tr** tr+* trex
d-Elemene 110|104 103 Jo93 Joor Jos2 |o73 o6t |0.09
o-Copaene 320 |36 313 [3.02 317 [333 |338 [321 |33s8
B-Cubebene 039 037 (038 |040 |038 Jo039 Jo38 (035 |037
a-Gurjunene 018 |o16 {013 {014 Jois Jo19 Jois Jois |o.s
p-Caryophyllene 3692 |[36.50 |3595 |36.66 |3598 |37.06 |3672 |34.67 |35.06
o-Humulene 175 |1.74  |1.64 170} 1.66 172|172 | 1.60 1.63
Germacrene D tre* Taadi K feey e | gres tre* tre* tr+* tre*
a-Muurolene 024 ]021 0.24 023 |026 022 (020 |020 0.16
y-Cadinene 062 |060 |o61 Jo62 Joss Joso |oe0o o058 |o.41
Germacrene B 038 Jo036 |035 o036 034 Jo28 Jo24 020 |02
8-Cadinene .12 |110 ]1.05 1.08 |1.07 106 (101 |08 |o0.62
Total sesquiterpenes 45.90 |45.24 |44.51 |45.14 |44.51 |45.67 |45.16 |42.46 |42.72
Oxygenated compounds
Linalool 048 |054 Jo72 |075 o075 o83 Jo93 |111 1.22
trans -Nerolidol 055 |054 |053 o050 o490 Jos2 |os4 Jos3  |ose
Caryophyllene oxide e+ tré* tr+* 060 |056 104 |146 239 |3.06
Spathulenol tr+* tr+* tr+* 017 (014 Joi17 Jo20 Jo022 |o026
taw -Muurolol tr+* tre* tr+* 020 Jo20 Joa19 fo18 Joi14 |o022
Torreyol 053 |057 o6l 068 o066 J072 073 Jo71 077
Total oxygenated compounds |1.56 |1.65 |1.86 [2.90 |2.80 |3.47 |4.03 |[5.10 [6.09
Unknown fractions 023 1091 |180 044 114 Jo31 |124 |214 [3.82

*% reletive=% integated area
**tr=Trace ’
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Figure 24 Relative changes in the contents of total
monoterpenes (A), total sesquiterpenes (B) and total
oxygenated compounds (C) in the stored pepper oil at

4 °c for an 8-month period.



Table 18 Composition of pepper oil during storage at room-temperature (% relative*)

84

Storage period (months)
Constituent 0 1 2 3 4 5 6 7 8
Monoterpene hydrocarbons
o-Pinene 601 |594 |590 |58 |s592 |567 497 |334 |285
Camphene 0.18 0.18 0.17 0.16 0.16 tr+* tr+* tr+* tr¥*
-Pinene 775 {774 770 |764 |764 |759 698 536 |4.02
Sabinene 232 231 232 230 227 222 |1.98 1.53 0.98
A3-Carene 1282 |1279 |1277 |12.54 |1206 |11.83 |10.03 |7.53 6.01
Myrcene 154 |153 1.50 148 129 o087 044 |06 |0.09
o-Phellandrene 1.77 1.74 1.71 1.66 1.08 0.42 | ur** trkx tr**
Limonene 16.15 {1610 [16.02 |16.16 |1549 1418 |1291 |11.46 |10.02
p -Cymene 023 o021 (o021 020 020 i tr+* tr+* tr*
trans -Ocimene tr+* tr¥* trk* tr** r+* tr+* tr** r** tr+*
y-Terpinene tr* tr¥k* re* tre* r* tr** tr** r* tr¥*
Terpinolene 047 |044 |0.41 038 |036 |u** tr** tre* tr*
Total monoterpenes 49.24 |48.98 |48.71 |48.38 |46.47 |42.78 |37.31 |29.38 |23.97
Sesquiterpene hydrocarbons
a-Cubebene e r** tr+* tr+* tre* r** tr** tre* tr+*
3-Elemene 1.13 1.10 |104 094 Joss8 094 098 ]0.99 0.92
o-Copaene 3.48 3.51 3.43 3.46 3.53 3.96 4.22 4.59 4.19
B-Cubebene 046 046 042 |041 042 045 |047 046 |0.46
o-Gurjunene 025 o023 Jo20 o015 Jo22 Jo2s5 J|o26 |o0.19 0.15
B-Caryophyllene 38.67 |38.48 [38.04 |37.82 |36.82 |37.34 |[36.43 |[3033 |24.24
o-Humulene 1.84 1.81 1.78 1.79 1.75 1.86 1.85 1.69 1.04
Germacrene D i+ tr+* e rt* tr¥* tr+* tre* tr** o+
o-Muurolene 028 |026 025 023 018 |u* tr** tr** e
Y-Cadinene 068 |068 |o62 |oe0 Joes Joe62 Jo71 |0.58 042
Germacrene B 035 |038 ]030 028 021 0.18 020 ]0.19 0.10
8-Cadinene 11201 AlOsJClaas 113 |1.08 103 087 |053 0.37
Total sesquiterpenes 48.34 | 48.09 |47.23 |46.81 |45.75 |46.63 |45.99 |39.75 |31.89
Oxygenated compounds
Linalool 058 o061 |072 o085 |1.09 109 112 |1.04 ]096
trans -Nerolidol 050 051 |o0.53 053 Jose o064 |070 |0.75 0.84
Caryophyllene oxide tr+* tr+* tr+* 148 |236 |472 |812 1644 |22.04
Spathulenol tre tr+* tr+* 020 Jo20 (023 Jo025 |o28 019
tau -Muurolol tre* tr+* tre* 021 o022 o020 o021 [o021 0.25
Torreyol 056 |o064 |o70 074 Jo076 098 |1.19 1.19 1.68
Total oxygenated compounds {1.64 |1.76 |1.95 |4.01 |5.19 |7.86 |11.59 [19.91 |25.96
Unknown fractions 078 {117 {211 080 J259 273 |s1 1096 |18.18

*9% relative= % integated area
**tr=Trace
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Figure 25 Relative changes in the contents of total:

monoterpenes (A) , tLotal sesquiterpenes (B) and
total oxygenated compounds (C) in the stored pepper

0il at room temperature for an 8-month period.
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7.2.2 Changes 1in the content of major oil
components
In term of major oil components, it was
found that their content also disappear with faster rate
at room temperature than at 4°C (Fig. 28). The levels
of «-pinene, g-pinene, limonene, Aa—carene, sabinene
and g-caryophyllene during the storage at 4°C were
found to slightly decrease while those at room
temperature decreased markedly. At 4°C, the major oil
components that were found to be decreased in the range
6-15% included sabinene changed 6% and a’-carene changed
15%# at 8 months of storage. At room temperature, the
major oil components that were found to be decreased in
range 49.74% included g-caryophyllene changed 49% and
x-pinene changed up to 74% at 8 months of storage. These
results also showed +that the content of the major oil
components changed at room temperature markedly after 3

months of storage.
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Figure 26 Changes in the contents of major components
in pepper oils stored at 4 °C (A) and room temperature (B)
for an 8-month period. «-Pinene (0——o0) , s8-pinene
(A—"n) , sabinene (1 S ., ) S a’-carene (e—0) ,

limonene (s——a) and p-caryophyllene (A—a).
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