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Abstract

The leaves of Kaffir lime (Citrus hystrix DC) are marketed in dried or powdered form. In
this research, the effect of oven drying at a relatively low temperature but in a long time
with or without the following pulverization on the characteristics of kaffir lime leaves was
investigated. The change of moisture analyzed by vacuum oven method, the color analyzed by a
chromameter, the yield of essential oils and the volatiles composition analyzed by GC-MS were
observed for fresh, dried and dried-pulverized kaffir lime leaves. A moisture content desired
for storage, 7%, was achieved when the leaves were dried for 12 hours using a cabinet dryer at
50°C. The yields of essential oils of the dried leaves were decreasing after their pulverization
process into powder. Their color characteristics according to L, a and b values tend to increase.
The volatiles composition also changed. Among the essential oil components, citronellal, an
important volatile in the fresh leaves, was found to decrease, but on the other hand the oxidized
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compounds such as oxygenated sesquiterpenes were dominantly present in the yields.
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Introduction

Kaffir lime (Citrus hystrix DC) is one of citrus
varieties which is widely used as a spice or natural
flavor in food and beverages in some Asian countries
due to its favorable characteristic aroma (Sato ef al.,
1990; Nor, 1992). Kaffir lime leaves give an oriental
aroma on Thai tom yam soup, laksa and curry. In
Indonesia, kaffir lime leaves are widely used to mask
the stench of fish or meat. Rendang (beef cooked with
coconut milk), rawon (beef soup), soto (beef soup
with coconut milk), pecel (vegetable mix with peanut
sauce) and urap (vegetable mix with grated coconut)
are traditional Indonesian foods that uses kaffir lime
leaves as typical flavoring. Sliced fresh kaffir lime
leaves are often added into tempe mendoan (fried
tempeh) and peanut brittle.

Several studies have reported the components
contributing to the flavor of kaffir lime leaves (Sato
et al., 1990; Wijaya, 1995; Pudil et al., 1998). Their
main components are citronellal, citronellol and nerol.
Furthermore, Sato et al. (1990) suggested that the
L-citronellal is a key compound of kaffir lime leaves
that gives an aroma like a mixture of lemongrass and
citrus aroma. Other volatile components contained
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in the kaffir lime leaves are a-pinene, champene,
B-pinene, limonene, copaene, linalool, B-cubebene,
isopulegol, caryophyllene, and citronellyl acetate
(Wijaya, 1995; Tinjan and Jirapakkul, 2007).

Herbs and spices are often sold in dry form.
Several studies using dried herbs and spices as
research objects, mentioned the moisture content
of less than or equal to 10% (Arslan et al., 2010;
Sellami et al., 2011; Usai et al., 2011) to inhibit
microbiological and biochemical changes during
storage (Argyopoulos and Muller, 2011). Thus,
drying process could increase their shelf life (Diaz-
Maroto, 2003). Unfortunately, drying can alter
their essential properties, such as moisture content,
color, nutrients and volatile components especially
when dried at temperatures above 50°C (Baritaux
et al., 1992; Diaz-Maroto et al., 2003; Arslan et
al., 2010; Szummy et al., 2010; Ding et al., 2011,
Raksakantong et al., 2011; Sellami et al., 2011).
Some drying techniques using cabinet dryer, dryer
with air blower, and dryer with FIR (far infra red)
have been applied for drying herbs (Chua and Chou,
2003). Oven and hot air dryer are widely used for
drying the herbs in developing countries because they
are relatively inexpensive (Chua and Chou, 2003).
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The drying of kaffir lime leaves with hot air of 50°C
using cabinet dryer could increase the concentration
of citronellal compared to FIR dryer or dryer with
low relative humidity (Raksakantong et al., 2011).
When the leaves dried with fluidized bed dryer at a
constant temperature of 50°C, it gave no significant
loss in volatiles composition (Tasirin et al., 2014).
In this research, cabinet dryer with a temperature of
50°C was chosen for the drying experiment of kaffir
lime leaves. The objective of this research was to
evaluate the effect of oven drying at relatively low
temperature but in a long time, with or without the
following pulverization process, on the changes of
physicochemical characteristics of fresh kaffir lime
leaves, which included moisture content, color,
essential oil yield and the composition of essential
oil or volatile compounds.

Materials and Methods

Plant materials

Kaffir lime leaves were obtained from Tulung
Agung, East Java, Indonesia at the age of trees approx.
5 years, and the age of leaves was 3 — 4 months from
the bud. Leaf size was ranged from 9 x 5 cm (length
x width, + 2 cm). Leaves were picked at the stem
segments; length of petioles was ranged from 0.3
to 0.5 cm. After harvested, fresh kaffir lime leaves
were collected and put in a porous plastic bags, 5 kg/
plastic. Transportation of fresh kaffir lime leaves to
the laboratory was taken less than 24 hours at room
temperature (22 - 24°C).

Drying and pulverization process

Fresh kaffir lime leaves were dried by a cabinet
dryer with a temperature controller JC/DO/L/100
(Jenn Chiang Machinery Works Co., China), set at
temperature of 50 £ 2°C. The number of cabinet
dryer trays was 20 pieces; each metal tray (size
L.100 x W.50 cm) was filled with 400 grams of fresh
kaffir lime leaves. The moisture content of kaffir
lime leaves were observed every 4 hours, until their
moisture content reached less than or equal to 10%.
The moisture content was analyzed by a vacuum oven
method (AOAC, 2000). To produce kaffir lime leaves
powder, dried kaffir lime leaves were pulverized by a
discmill, then sieved by 40 mesh FSRGOO (Enterprise
Co., Taiwan). The dried kaffir lime leaves, either the
whole form or the powder form was packaged on
a PP plastic package, not in vacuum condition, and
kept at a refrigerator, 1-2 days prior to distillation.

Color analysis
Color analysis was performed by a Minolta CR
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310 chromameter (Minolta Co., Japan) following the
procedure from Serpen and Gokmen (2009). The L,
a’, and b" values were measured by the instrument.
The measurements were taken at 3 random points for
each sample and each measurement was done in 3
replicates. The value of L* shows the brightness or
lightness of sample, ranged 0 (black) to 100 (white).
The value of a” states a reflected light that produces
chromatic color of mixture of red-green, ranged from
-80 (greenness) to +100 (redness). The b* value states
a chromatic color of mixture of blue-yellow, ranged
from -70 (blueness) to +70 (yellowness). Overall
color changes (AAE) can be calculated as follows:

AAE = /(AL)* +(Aa)>+ (Ab)2

Remarks:

AL = L" sample — L" standard

Aa = a" sample — a" standard

Ab = b" sample — b" standard,

AAE value > 1 indicates that the color change can
be distinguished by human eye (Gonnet, 1998).

Essential oil yield measurement by distillation

The fresh, whole of dried kaffir lime and their
powder form were separately steam-distilled for
3 hours. Amount of 260 g each sample were used
for the distillation. This distillation was done in
duplicate. The sodium sulphate anhydrous GR
(Merck, Germany) was added on the distillate to
separate water phase, then filtered by whatman
paper. The essential oils were weighed and stored at
-20°C (under nitrogen atmosphere) prior to GC/MS
analysis.

Essential oil component analysis by GC/MS

The essential oils were analyzed for their volatiles
composition by a modified method of volatile analysis
(Pudil ef al., 1998). Two replicates of essential oils
were analyzed with a Agilent Technologies 7890A-
5975 ¢ inert XLEI/CI gas chromatograph (Agilent
Technologies Co., USA) equipped with a mass
spectra detector (MS) and fitted with a HP-5SMS
capillary column (length 30 m, 0.25 mm i.d, 0.25 um
film thickness). The mass units (m/z) were monitored
from 33 to 550 at 70 eV. The samples were added
with n-decana (Merck, Germany) as internal standard
(5 mg/100uL samples). Amount of 0.2 ul each
samples were injected into GC-MS using split 1:100
and helium as carrier gas. The injector temperature
was 250°C and the detector temperature was 280°C.
The column temperature program was set as follows:
initially at 60°C, held 5 mins, increased 3°C/min
to 220°C, then increased 6°C/min until the final
temperature 2600C and held for 10 mins.



Setiyoningrum et al./IFRJ 25(6): 2620-2627

LRI (Linear Retention Index) was determined
by comparing the retention time of all contituents of
the samples with the retention time of homologous
series of n-alkanes (C8-C33) (Sigma - Aldrich,
Singapore) on the same column and conditions
above. Identification of each component was made by
matching their recorded mass spectra with reference
spectra in the data base (NIST) and compared their
LRI and mass spectra with published data in the
literature (Adams, 2009).

Statistical analysis

Data were subjected by a one-way analysis of
variance (ANOVA, p=0.05) using a SPPS software
(SPSS, Chicago, II, USA). Differences of samples
were determined by Duncan test.

Results and Discussion

The change of moisture content

Moisture content of fresh kaffir leaves was
62.22% (w/w). The content decreased significantly
during 12 hours of drying at temperature of 50 + 2°C
(Table 1). After drying, moisture content of the dried
ones was less than 10%, i.e. 7.17%. Temperature
used in this research was comparable to various
drying application for aromatic or herbal leaves, such
as fixed bed drying of long pepper leaves (Braga et
al., 2004), and convective drying or hot air drying
of mulberry leaves (Tao et al., 2016), yerba leaves
(Pilatti et al., 2016), thyme (Lahnine et al., 2016) and
peppermint leaves (Torki-Harchegani et al., 2016).
The drying process allowed the water in the leaves
to move diffusely to their surface and then the water
was evaporated (Braga et al., 2004). The required
drying time for materials varied, depending on the
type, dimensions, initial moisture content, various
transfer rates on the surface and the equilibrium
moisture content. In fact, the drying time was faster
than that in other spice research. The drying time for
thyme to reach moisture content 6.90% was 18 hours,
by oven at the same temperature as in this study, 50°C
(Sarosi et al., 2013).

Essential oil yield of kaffir lime leaves decreased
significantly during 12 hours of drying (Table 1).
The yield of fresh kaffir lime leaves oil was 3.51%
(dry basis). After 12 hours of drying, the oil yield
did decrease to 1.83% (dry basis), almost 50% of the
oil yield of fresh leaves. Similar to our result, Sarosi
et al. (2013) reported a decrease of thyme oil yield,
from 1.77% to 0.69%, after drying at a temperature
of 50°C for 18 hours. The decrease of oil yield might
be due to the oil evaporation during drying. Heat
of drying process induced cracking of trichomes
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Table 1. Moisture contents and oil yield of kaffir lime
leaves during oven drying

Drying time Moisture content Qil yield Decreasing of
oil yield
{hours) {% wh) {% db) (%)
0 62.22:150F 351011
4 4156123 3.15:007° 10.26
8 25511146 234008 33133
12 7A7:0.04° 183003 47 86

Different superscript letters in the same column indicate
significantly different means among samples according to
Duncan test at P<0.05.

Decreasing of oil yield was calculated based on fresh oil yield
(0 hours).

(Diaz-Maroto et al., 2002; Diaz-Maroto et al., 2003).
Further, essential oils move onto the leaf surface
along with water and then evaporated by heat (Braga
et al., 2004).

The change of color

The L* value of whole dried kaffir lime leaves
was higher than the fresh form, indicated the color
of whole dried was brighter than the fresh form. The
same trend occurred to the powder form. Increasing
of L value indicate that sample is brighter than
standard. The result was similar with Naidu et al.
(2016) that revealed the increasing of L" value of
dill leaves after drying process. This phenomenon
was reinforced by increasing of " of either whole
dried and powder form significantly. Increasing of
b" means the sample is more yellow than standard
(McGuire, 1992; Serpen and Gokmen, 2009).

The a" value of dried whole leaves did not
differ from the fresh ones, this indicated there was
no changes during drying process. Otherwise,
pulverization process induced weakening of the green
intensity, characterized by a” value of powdered dried
leaves lead to positive (Table 3). The results were in
agreement with previous findings (Buchaillot et al.,
2009; Arslan et al., 2010).

Increasing of " and «" values might be due to
the degradation or the decrease of chlorophyll.
Chlorophyll degradation has been known to be
induced by light, exposure to oxygen (Llewellyn
et al., 1990) and heating (Buchaillot et al., 2009).
Futhermore, Schwartz and Lorenzo (1991) revealed
that chlorophyll retention was affected by temperature
and length of heat treatment. In this research, the heat
exposure during drying might change the chlorophyll
into pheophytin and gave a brownish color (Gross,
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Table 2. Changes of kaffir lime leaves attribute color
analyzed by chromameter

Form of kaffir Value

lime leaves L a b
Fresh 20.07=0.72F -5.08z0.66% 5.07«0.45%
Whole dried 3180023 9.49+03% 154320057
Powder 41 71+0.62° -2.88+020° 9 66+0.47°

Different supercript letters in the same column indicate
significantly different means among samples according to
Duncan test at P<0.05

1991; Singh and Sagar, 2010). High temperature
could lead to the replacement of magnesium in
the chlorophyll by hydrogen, thereby converting
chlorophylls to pheophytins (Rudra ef al., 2008).

Essential oil yield

Essential oil yield of kaffir lime leaves did
decrease significantly after drying (p<0.05), given
by 50% of that observed in the fresh form (Table
3). Pulverization process also induced the decrease
of the oil yield significantly (p<0.05), giving the
70.67% loss of the initial yield. Similar results
were also reported by Buchaillot ef al. (2009), that
the decrease of the oil yield of lemon myrstle leaves
up to 50%, was occurred after dried by fluidized
bed dryer at temperatures of 30°C, 40°C or 50°C.
The same phenomenon was reported by Ebadi et
al. (2015) that a decrease of essential oil yield of
lemon verbena leaves was occurred during drying
process, either with an oven dryer or a vacuum dryer.
However in peppermint leaves drying by hot air or
convective dryer,maximum oil yield was obtained at
70°C (Torki-Harchegani ef al., 2016). A damage of
grandular trichomas by drying process was suspected
to be the cause of a decrease of essential oil yield,
causing the release of volatile compounds (Ebali et
al., 2015).

In fact, the decrease of oil yield in powder form
was higher than whole dried form. This phenomenon
was allegedly happened due to the pulverization
process. Damaged cells or oil glands resulted from
the process could induce a higher rate of the oil
evaporation in powder form materials.

Changes of essential oil

The essential oil of fresh kaffir lime contained
18 volatile compounds (Table 4). They were grouped
into 11 hydrocarbon monoterpenes, 4 hydrocarbon
sesquiterpenes, 1 oxygenated sesquiterpene and
2 esters. The dried whole leaves contained 20
volatiles, consisted of 6 hydrocarbon monoterpenes,
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Table 3. Changes of oil yield

Form of kaffir  Oil yield Decreasing of oil
lime leaves (% bib) yield

(%)
Fresh 4 7620.75 -
Whole dried 1.94+0.06° 53.36
Powder 1.22+0.07¢ 70.67

Different capital letter within each column indicate significantly
different means among samples according to Duncan test at
P<0.05.

Decreasing of percentage oil yield was calculated based on oil
yield of fresh kaffir lime leaves.

6 oxygenated monoterpenes, 4 hydrocarbon
sesquiterpenes, 1 oxygenated sesquiterpene, 2
esters and 1 diterpene. The essential oil of the dried
leaves in powder form had 19 volatiles, divided
into 7 oxygenated monoterpenes, 8 hydrocarbon
sesquiterpenes, 1 oxygenated sesquiterpene, 1 ester
and 2 diterpenes.

Citronellal was the major component of fresh
leaves essential oil. Its concentration was 468.40
ug/g (dry basis), almost 78% of essential oil content.
This result was in agreement with other researchers
(Sato et al., 1990; Wijaya, 1995; Jantan et al.,
1996; Tinjan and Jirapakkul, 2007; Wijaya, 2010).
Citronellal gives a unique aroma which is close to
a mix of citrus and lemongrass aroma (Sato et al.,
1990). Other volatile compounds in the essential oil
of fresh leaves were citronellol (4.14%), linalool
(3.02%), and sabinene (2.10%).

The volatiles concentration in dried whole leaves
decreased to approximately 50% the level in fresh
leaves, except phytol derivatives compounds. This
can be happened due to the evaporation during drying,
which was supported by the reduction of leaves size
into powder by pulverization (Table 4). Therefore,
the pulverization of kaffir lime leaves induced the
decrease of 61% of essential oil concentration, even
though the concentration of several sesquiterpene
hydrocarbons and phytol derivates compounds
increased. The highest decrease was occurred on
monoterpene hydrocarbons.

The monoterpene hydrocarbons detected in fresh
kaffir lime leaves were sabinene, B-pinene, myrcene,
limonene, B-(E)-ocimene, and isoterpinolen. Drying
process induced the decrease of each compound
significantly (p<0.05), reached 50% compared to that
from the fresh form (Table 4). The decrease of total
monoterpene hydrocarbons in the dried whole leaves
was 58.39%, compared to those in the fresh leaves.
On the other hand, the monoterpene hydrocarbons
were not detected in the powder dried leaves.
Other research conducted by Sellami et al. (2011)
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Table 4. Volatiles composition in fresh leaves, dried whole leaves
and powdered dried leaves

LRI LRI Concentration (pg/g db)

No  Compounds exp ref "Fresh  Whole dried Powdered

leaves leaves dried leaves
T Sabinene g7e a7y TEE3=xT13Z BEExTOZ n.d.
2 G-Pinene 992 980  0.66x007* 0.28+0.12° n.drs
3 Myrcene 993 990 418042 1.62=0.50° n.d.*®
4 Limonene 1032 1030 0.58x0.01° 0.23+0.11° n.drs
5 B-(E}-Ocimene 1051 1050 2.05x0.32* 077+0.21b n.drs
5] cis-Linalool oxide 1087 1072  0.92x0.61* 0.28+0.16° 1.63x029°
7 Isoterpinolene 1103 1088 052x025° 0.14+0.04% n.d*
8 trans-Linalool oxide 1093 1088 n.d= n.d*® 0.71x0.14
g Linalool 1104 1098 18.16+0.31* 9.51+2 87° 14 54+012%
10 cis-Rose oxide 1115 111 n.d? n.d? 0.17+0.02%
11 Isopulegol 1153 1146 0.41x0.03° 0.54x012% 2.38=0.04%
12 Citranellal 1160 1153 468.40x2.67 180.13x27.16° 127.45+51371
13 iso-Isopulegol 1165 1159 n.d= 0.61+0.66* n.d.=®
14 Citranellal 1232 1228 24.86x6.64° 9.04+1.89° 1577+0.75%
15 Citranellyl acetate 1356 1352 6.45x013° 3.38+0.30° 6.24+0.06*
16 Meryl acetate 1367 1361 1.87=x012° 0.90+0.06% n.d.*®
17 a-Copaene 1386 1376 n.d”? nd*® 350011
18 G-Cubebene 1399 1388 n.d”® n.d.”® 1.895+0.25%
19 (E}-Caryophyllene 1432 1418 3.62x1.44% 2.35x0.49° 14.81+1.85%
20 a-Humulene 1466 1454 0.43x011% 0.19+0.06% 1.59+029°
21 Germacrene D 1493 1481 n.d*® n.d? 0.88x022°
22 Bicyclogermacrene 1508 1500  2.10+0.69° 1.14+0.03" 6.48+1.33°
23 o-(E,E}-Farnesene 1512 1505 n.d*® n.d*® 2.09+0.41°
24 &-Cadinene 1533 1522 0430177 0.34+0.05% 3.28x077"
25 (Ey-Merolidal 1569 1563 1.71x0.02% 0.52+0.05*% 2.69+1.06*
26 (6E10Z)y-Pseudophytol 2025 2018 n.d® 0.32+0.20° 5.18+4 53
27 (6Z10E)}-Pseudophyiol 2036 2031 n.d® n.d?® 1.19+£0.81*

Monoterpene hydrocarbons 2062238 2EExZ BT n.d;

Cecygenated monoterpenes

521.07«£3.64° 200.09x020° 162.66x081°

Sesguiterpene hydrocarbons 6.58+2.40° 4.01=0.90° 34 .57x525*
Oxygenated sesquiterpenas 1.71+£0.25% 0.51+0.05% 2.69+1.06%
Esters 8.32+0.25% 4.28+0.36" 6.24+0.06%
Diterpene (phytol derivatives) nd® 0.32x0.20° 937534

Different capital letters in the same row indicate significantly different means
among samples according to Duncan test at P<0.05; n.d : not detected (mark
as "0” for statistical analysis); data were obtained from 2 replicates

Linear retention index experiment (LRI exp) from GC-MS determination on

DB-5 column.
Linear retention index reference (LRI

also reported a decrease in the concentration of
monoterpene hydrocarbons from 7.55% to 5.26% on
L. nobilis leaves which were dried by oven at 45°C.

The same trend was occurred on the concentration
of oxygenated monoterpenes, either in the whole
or powder form of dried kaffir lime leaves. The
concentrations of oxygenated monoterpenes in both
types of dried leaves decreased by 60.78% and 67.28%
respectively. The significant decrease (p<0.05) was
occurred on linalool, citronellal, and citronellol
(Table 4), and on the additional compounds, detected
only in the powder dried leaves, i.e. trans-linalool
oxide and cis-rose oxide.

ref) from literature (Adams, 2009).

Citronellal as the main component in the fresh
kaffir lime leaves decreased by 61.54% after drying.
This finding is different from that was investigated
by Jirapakkul et al. (2013) and Tasirin et al. (2014),
with no significant change. After pulverization
process, the citronellal had a further decrease by
29.24% compared to that of the dried whole leaves
or by 72.79% to the fresh ones. This condition could
occur due to the evaporation and chemical changes.
The chemical changes of citronellal might be due
to cyclization to isopulegol, iso-isopulegol, neoiso-
isopulegol and hydrogenation to citronellol (Sell,
2003; Leonardao et al., 2007). This is proven by the
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significant increase of isopulegol in the powdered
dried leaves, if compared to the dried whole leaves.
On the other hand iso-isopulegol only detected in the
dried whole ones.

The sesquiterpene hydrocarbons detected in
the fresh kaffir lime leaves were B-caryophyllene,
o-humulene, bicyclogermacrene, 6-cadinene. The
concentration of each compound in the whole
dried was not changed significantly (p>0.05). This
was probably due to the drying process did not
significantly affect the sesquiterpene hydrocarbons.
This was reinforced by the concentration of
sesquiterpene  hydrocarbons which were not
significant between in the fresh leaves and in the
dried whole leaves (Table 4). This phenomenon was
suggested that the membranes might selectively
be more permeable to certain volatiles or separate
compartments for the synthesis of emitted volatiles
and stored substances (Gershenzon et al., 2000).
Otherwise, pulverization may caused the increase
of sesquiterpene hydrocarbons (Table 4), reached
7.62 times compared to the whole dried leaves.
Several novel sesquiterpene hydrocarbons compound
were found, those were a-copaene, [(-cubebene,
germacrene D and o-(E,E)-farnesene. The changes
of volatile compounds were due to the formation of
new compounds through oxidation, esterification,
glycoside hydrolysis, and/or other processes during
drying and pulverization (Ghasemi Pirbalouti et al.,
2013).

It is interesting that nerolidol was the only
oxygenated sesquiterpene, present either in the fresh,
the whole or the powder forms of dried leaves. It
seems that the drying process did not influence the
concentration of nerolidol. The concentration of
nerolidol in the powder ones increased significantly
by 4.27 times compared to the whole ones.

The phytol derivates, such as (6E,10Z)-pseudo
phytol and (6Z,10E)-pseudo phytol, were detected
either in the dried whole leaves or in the powder dried
leaves. Their concentrations were not significantly
different in both dried leaves.

The above description proves that the decrease
of volatile compounds in the dried leaves could be
happened due to the evaporation and/or the thermal
oxidation process occurred during drying. Further,
Moyler (1994) suggested that the mechanism that
allows volatile compounds dragged to the leaves
surface and subsequently evaporated simultaneously
with water contained in the leaves. The fact that
the concentration of monoterpene hydrocarbons
decreased higher than other terpenes in the dried herbs
could be explained by the evidence of monoterpene
hydrocarbons storage in cell at the gland oil near the
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leaves surface (Asekun et al., 2007). Furthermore, the
oxidation and re-arrangement of the component could
be happened more susceptible in the powder form of
dried leaves due to the cell and oil glands damage by
the size reduction process during pulverization, and
this induced its loss by evaporation or the formation
of novel compounds by oxidation (Baritaux et al.,
1992; Sellami et al., 2011).

Conclusion

The oven drying at 50°C for 12 hours and
pulverization process altered the yield and the
composition of volatile compounds of fresh kaffir lime
leaves. Citronellal as a main volatile of fresh leaves
was significantly decreased, whereas oxigenated
volatile compounds were present after the drying
and their number were increased after the following
pulverization such as cis-rose oxide, trans-linalool
oxide, a-copaene, B-cubebene, ao-(E,E)-farnesene.
Furthermore, the pulverization gave the increase of
sesquiterpene hydrocarbons due to the formation of
several novel sesquiterpene hydrocarbons detected
in this study. This volatiles composition change may
alter the flavor of fresh kaffir lime leaves as a result
of drying process at a relatively low temperature in a
long time with the following pulverization process.
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