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Abstract

material for daily used products application.

Essential oils (EOs) are commonly used in aromatherapy and offer a number of health benefits. However,
the photosensitivity of citrus EO family limits their applications. It is important to characterize the compositional
changes of EOs upon possible factors affecting their stability, such as light and water content. In this study, we
used gas chromatography equipped with mass spectrometry detector to investigate the constituents of commercial
citrus EOs (lemon, orange) and herb EOs (clary sage, lavender). The result indicated that limonene was the most
abundant compound in citrus EOs and followed by B-pinene or B-myrcene. Linalyl acetate and (-linalool were the
major constituents in herb EOs. It is surprised to find that almost no change in chemical composition under sunlight
exposure for 2hr. In contrast, the amount of terpene hydrocarbons decreased greatly in citrus OEs with H,0 addition
and under sunlight exposure, which might be converted to oxidative compounds, such as carveol, p-cymene and
limonene oxide. However, herb EOs was much less photosensitive, which are more potential to become a stable
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Introduction

Essential oils (EOs) are complex mixture and highly concentrated
hydrophobic liquid containing volatile plant secondary metabolites
belong to terpenoids and aromatic groups. They are usually extracted
from various parts of plants (flower, leaf or fruit) by different methods
such as steam/water distillation, solvent extraction or cold expression,
etc. The natural source and pleasant flavor characters make EOs
widely used in the medicine, cosmetic, household products and food
industry. EOs was also reported to contain many bioactive compounds,
such as terpenoids, alkaloids, flavonoids and carotones. These
components make EOs are extensively represent a green alternative
in the pharmaceutical, neutritionanl argticultural field due to their
antimicrobial, antiviral, insecticidal, antioxidant, antiinflamatory and
stress-repellent properities [1-3].

Citrus fruits are the most common subtropical crops in the world,
such as lemon and orange. We usually eat citrus fruits’ sweet and juicy
fleshes, though recently, people have started to pay attention to reusing
of fruits peels. The main reasons are that citrus peels are easily obtained
and naturally high in pectin, their antioxidant activity, and relative
benefits from vitamin C and flavonoids [1]. Furthermore, when they
are made into EOs, the main product, limonene, has been proved to
inhibit cancer cells initiation, promotion and progression [4]. Another
widespread EOs is extracted from spices and their constituents mainly
depend on the plant species such as sage and lavender. Sage is a small
evergreen shrub with grayish leaves, blue to purplish flowers and has
therapeutic properties of antiinflammatory, antibacterial, antioxidant
and stimulant for medicinal purposes [5]. Lavender belongs to mint
family and used for centruies as an herbal remedy due to its’ sweet
overtones. It is also believed to be benefit for stress, exhaustion,
headaches, depression and digestion problems, and even have
application of food preservation [2].

Gas chromatography equipped with mass spectrometry (GC-MS)
as detector is a widely used platform for analyzing volatile complex
compounds [6]. A tool with good selectivity and high sensitivity is
necessary for natural EOs because they are usually composed of many

different ingredients or flavonoids. GC-MS can offer a quick qualitative
function based on the integrity of a compound database (ex: NIST),
and the quantification can be more precise when isotope standards and
selected ion mode (SIM) are used together.

Meanwhile, due to the various components in oil extracts, some of
them are light-, oxygen-, temperature- or moisture-sensitive. Most of
commercial EOs is highly concentrated and need to be diluted before
used to avoid skin or respiratory damage [7]. Proper storage and safe
usage become an important issue for EOs to ensure the effectiveness
and quality for future development in the medicinal field [8,9]. The
effect of sunlight exposure on the hydrolysis or oxidation reaction in the
citrus and herb EOs is not revealed yet. In this work, a photosensitivity
experiment was designed to understand the composition changes when
EOs coexisted with water under sunlight treatment.

Materials and Methods

Chemicals and reagents

Alkane standard solution (contains C8-C20, ~40 mg/L each, in
hexane) and LC/MS-grade methanol were purchased from Sigma-
Aldrich (St. Louis, MO, USA).
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EO samples

Commercial citrus and herb essential oils were provided from an
aroma products company (EASECOX, Germany), and the original
material plant source was Italy. Before experiment, EOs were kept in
dry environment and prevented from light at room temperature. All
samples were diluted 1:15 (v/v) in methanol prior to GC-MS analysis.

Photosensitive experiment

EOs were added H,O (group C) with the ratio 5:1 (EO: H,0, v/v)
and with a non-H,0O added sample (group B) as positive control.
The sample vials were sealed well and irradiated with UVA (320-
400nm) and UVB (290-320nm) of 100 mW/cm? from sunlamps (Xe
lamp, 1.5AM) for 2 hours. The irradiated samples and stock without
treatment (group A) were collected and prevented from light before
GC-MS analysis.

GC-MS analysis

GC-MS analysis was performed on Agilent Technology (Little
Falls, California, USA) 6890 series gas chromatography (GC) system,
equipped with 5973 mass spectrometry (MS) detector and a 7683 series
auto-injector was used. Compounds were separated on Rtx°-Wax
capillary column (30 m x 0.25 mm, film thickness 0.25 um; RESTEK,
Pennsylvania, USA). Helium (5N5 grade) was used as carrier gas, with
a flow rate of 0.8 mL/min, and the split ratio was 60:1. Sample injection
volume was 1 pl and the injector temperature was 230°C. The column
oven temperature was held at 70°C for 2 min, and then programmed
to 130°C at 30°C/min and change the gradient to 230°C with 10°C/
min. Finally, held at 230°C for 6 min and the total run time was 20
min. An electron ionization (EI) system with ionization energy 70 eV
was used for detection. The ion source temperature was set at 230°C,
the interface temperature was 250°C, detector voltage was 2 kV. The
mass spectrum was acquired in scan mode at a scan rate 0.98 scan/sec
within a mass range of 20-800 amu. The measurement was performed
in duplicate for each sample with solvent delay for 2 min.

Data process and compound identification

The data was processed by software provided by Agilent Technology
(MSD ChemStation D.03.00.611). The compounds identification were
using their MS data compared to the on-site NIST98 mass spectral
library and on-line NIST Chemistry WebBook (http://webbook.nist.
gov/chemistry/), and the retention indices (RIs) relative to C8-C20
n-alkanes obtained on a nonpolar Rtx®-Wax column.

Results and Discussion

A high throughput CG-MS methodology for essential oil
analysis

In this study, we demonstrated that GC-MS is a quick and reliable
platform for EOs analysis in both qualification and quantification.
Natural plant essential oils were prepared simply by dilution with
methanol and a short separation gradient of GC coupled with auto-
sampler made this platform more efficient. MS detector provided
high sensitivity and good selectivity in samples analysis. In addition,
rich GC-MS database, such as NIST library, coupled with retention
index supplied a credible method to identify compounds in a complex
mixture [10].

Chemical composition of citrus and herb essential oils by GC-
MS analysis

GC-MS chromatography for lemon and orange EOs prior to

treatment are shown GC-MS chromatograms of lemon and orange
EOs prior to treatment as control are shown in Figure 1 I-A and II-
A, respectively. The most predominant compound of lemon OE was
the limonene shown at the peak 6 of Figure 1 I-A accounting for the
% area of 57.71, which is consistent with other reports [8,13-17], and
followed compounds were B-pinene and 3-carene at the peak 3 with
13.57% and the peak 7 with 10.54%, respectively. Table 1 summarized
peak number, retention time (RI), compound name, formula and %
area for all the identified compounds of lemon OE found in this study.
Similarly, limonene at the peak 4 of Figure 1 II-A was the highest
contained compound with % area of 86.05 shown in Table 2 for orange
EO, however, the next two abundance compounds were p-myrcene
and L-carvone at the peak 3 with 2.22% and the peak 22 with 1.12
%, respectively. These compounds are common monoterpenoid
hydrocarbons found in EO through the addition, cabocation and
cyclication reaction of gernyl pyrophosphate under specitfic enzymic
control in plants. The structures of major components for lemon and
orange EOs were showed in Figure 3. Limonene is a single-cyclic
terpenenoid with a strong citrus odor and bitter taste. a-pinene,
B-pinene and 3-carene are bi-cyclic terpenenoids found major
constituents of turpentine in nature. 3-myrcene is a very widespread
monoterpenoid in nature, especially in herbs and spices. Carvone is
a common monoterpenoid ketone found in EOs and its enantiomers
provides the characteristic odor of spearmint [11]. According to
both Table 1 and 2, the contents of other type terpenoids, such as
sesquiterpenoids (bergamotene and bisabolene), alcohols (B-linalool
and a-terpieol), aldehydes (cis- and trans-citral), ketones (sulcatone),
acids (octanoic acid) and oxides (cis- and trans-limonene oxide) were
occupied low concentration in original citrus EOs before treatment
(total amount is lass than % area of 10).

In herb EOs, the chromatograms of untreated clary sage and
lavender EOs as control were showed in Figure 2 III-A and IV-A,
respectively. Linalyl acetate and p-linalool were the two predominant
components in both clary sage and lavender EOs with similar
concentration ratio. In general, linalyl acetate found in many flower
and spice plants is the acetate ester of linalool, and they both often exist
as in accompany and possess antifungal activity [12]. Linalyl acetate
was almost taken up half content in both clary sage and lavender
shown at the peak 14 of Figure 2 III-A with % area of 46.43 and the
peak 16 of Figure 2 IV-A with 33.81%, respectively. On the other hand,
B-linalool was found at the peak 13 of Figure 2 III-A with 22.68% and
the peak 15 of Figure 2 IV-A with 24.89% for clay sage and lavender,
respectively. a-terpineol and 4-terpeneol are the two of four isomers
of terpineol, which is a common monoterpene alcohol in herb EOs.
Trans-geranyl acetate, a monoterpene with a pleasant floral aroma, was
the third highest component in calry sage (peak 24, 4.80%). A bi-cyclic
sesquiterpene and FDA approved food additive [9], caryophyllene was
the fourth abundant compound (peak 18, 5.83%) in lavender EO. As
compared with citrus EOs, the amounts of hydrocarbon terpenoids
in clary sage and lavender existed relative low, such as p-myrcene,
B-ocimene and germacrene D. Detail chemical compositions and
their relative intensities were listed in Table 3 and 4 for clary sage and
lavender, respectively. Grand viriability dependends on several factors
including plant species, season, location, the part for extraction and the
preparation method, and could result in different chemical constituents
of citrus and herb Eos found in this study from other literatures [13-17].

Photosensitive investigation

Compared with the chromatograms between A and B of Figures 1
and 2 for both citrus and herb EOs, we found surprisedly that they were
almost identical to each other and revealed no effect under sunlight

J Chromatogr Sep Tech
ISSN: 2157-7064 JCGST, an open access journal

Volume 6 ¢ Issue 1« 1000261


http://webbook.nist.gov/chemistry/
http://webbook.nist.gov/chemistry/

Citation: Wu PS, Kuo YT, Chen SM, Li Y, Lou BS (2014) Gas Chromatography-Mass Spectrometry Analysis of Photosensitive Characteristics in Citrus
and Herb Essential Oils. J Chromatogr Sep Tech 6: 261. doi:10.4172/2157-7064.1000261

Page 3 of 9

10

(gav) @auepunqy
-

T T f T T
.00 10.00 11.00 12.00 13.00

22 23 24
A

T
a.00

10U

T
5.00

f
5.00

[-B

(cav) ouepunay
N

2
E 14 -
2 10 11 23 24 2556 27
0 LN

$00 1000 1100 1200 1300

(gav) @ouepunqgy

T T T T r T T
700 =200 200 1000 11.00 1z.00 13.00

Retention Time {min)

Figure 1: GC-MS total ion chromatography (TIC) of citrus essential oils in different experimental condition. I: lemon, II: orange. (A) control sample, stock storage well in
the dark and dry environment, (B) after 2hr sunlight treatment sample, (C) H20 added (5:1, EO: H20) and exposed to sunlight 2hr sample. Blue number: original identified
compound before treatment; red number: new appeared compound after treatment; green number: disappeared compound after treatment.
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exposure for 2hr. On the other way, a great effect was observed with
H,O addition and under sunlight exposure for 2hr in I-C and II-C
of Figure 1 for both citrus EOs. The major component, limonene,
decreased dramatically from 57.71% and 86.05% to 19.02% and 4.55%
for lemon and orange EO, respectively, and considered that it was
conversed into alcohols, aldehyde, ketones and oxides via oxidation,
hydration and isomerisation. In lemon oil, many alcohols, ketone
oxide compounds were appeared or increased significantly, such
as caveol (0% to 5.85%), carvone (0% to 6.23%) and limonene oxie
(0.38% to 6.07%). These compounds were the products from limonene
hydration and oxidation under water-light combined action and a brief
mechanism was proposed in Figure 4A. Limonene-1,2-diol (0% to
7.19%) was limonene involved in further epoxidation and the epoxides
had been hydrated to limonene-diol [18]. a-, B-pinene and 3-carene
at the peaks 1, 3 and 7 of Figure 1 I-C decreased obviously from
2.27% 10 0.36%, 13.57% to 3.36% and 10.54% to 0%, respectively. The
oxidative reactions of a-, f-pinene were proposed in Figure 4B [19].
The possible mechanism presented that a-, B-pinene were converted
to their hydroperoxides with migration of the double bond under light
exposion via myrtenol (peak 37, 0% to 2.44%) and trans-pinocarveol
(peak 34, 0% to 1.43%) and finally produced terminal hydroperoxides,
myrtenal (peak 33, 0% to 1.10%). The oxidation of 3-carene can be
initiated by ozone and OH radical under humidity atmosphere and the
ozonide or hydroxyl radical go further to generate different products
[20]. The remainder generated monoterpenoid alcohols after water-
light treatment, such as a-terpieol, cis- and trans-mentha-2,8-dien-1-
ol were also the limonene hydrated and oxided products [21,22]. The
aromatic monoterpene p-cymene at peak 8 of Figure 1 I-C increased

from 2.92% to 6.66% after water and sunlight treatment, which has
been reported for identification of aged EOs as increase during storage
[7,19]. Geranic acid, cis- and trans-geranyl acetate were oxidized from
citral shown in Figure 4C [7] and increased in a considerably range
from 0% to 3.5 ~ 4%. Citral (mixture of neral and geranial at peaks 16
and 19) is a strong lemon odor aldehyde and is often used as index to
estimate the quality of lemon EOs. For orange oil, most compositional
changes were similar to lemon oil. An enormously limonene content
dropped from 86.05% to 4.55% and the raise of carveol (cis- and trans-
form, 1.28% to 12.95%), carvone (1.12% to 17.30%), limonene oxide
(cis- and trans-form, 0% to 5.14%) and the major product limonen-
1,2-diol (0.68% to 22.31%). Unlike lemon oil, orange oil had fewer
hydrocarbon terpenoids, and the limonene hydration and oxidation
become the main reaction in total compositional change. There are
still aldehyde and ketone of monoterpenoid were observed increased
at the peaks 38 and 37 from 0% to 3.36% and 0% to 7.16%, respectively,
which might be resulted in the oxidation of limonene and B-linalool
under water-light environment [9,23]. The CC profile provides a
simple way to understand the compositional change between pre-and
post-treatment. According to the color change, it is easier to figure out
that the constituent changes of EO from monoterpenes to alcohols and
ketones after water-light treatment were quite different between lemon
and orange EOs shown in Figure 5 I and II, respectively.

In proportion of herb EOs, there were much less compositional
changes in photosensitive experiment and suggested that major
compound linalyl acetate was quite stable and not easily hydrated
and oxidized under sunlight coupled water treatment. The evidence
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% Area © % Area °
Pﬁfk RI® Compounds Formula ° P’:aka RI® Compounds Formula °
.a A ‘ B c o. A ‘ B (¢}
Hydrocarbons Hydrocarbons
1 1031 a-Pinene CiHy | 227 | 215 | 0.36 1 1031 o-Pinene C,H, | 058 | 047 | NA
2 1078 Camphene CyH, 007 005 | 007 2 1130 a-Phellandrene C,Ho | 057 | 046 NA
3 1121 B-Pinene C,H,, | 13.57 13.04 3.36 3 1166 B-Myrcene CH, 222 171 NA
4 1166 B-Myrcene CiHi | 140 124 | 0.08 4 1213 Limonene C,H, 86.05 87.82 4.55
5 1189 p-Menthane CoH, 028 | 0.13 | 0.23 5 1278 p-Cymene C,H, | 0.09 | 0.05  0.07
6 1213 Limonene C,H 57.71 | 61.22 | 19.02 .
1018 Oxides

7 1255 3-Carene C.H, 1054 10.09 NA — .

8 1278 p-Cymene C,H, 292 226 666 9 1459 cis-Limonene oxide C,HO 076 | 0.74 | 0.23
9 1292 Terpinolene C,He 059 059 | 027 10 1471 trans-Limonene oxide CoHO 048 040  NA

15 | 1599 o-Bergamotene City | 072 | 042 | NA 33 1838 cis-Carvone oxide ~ C,H,0, NA NA | 152

20 1746 a-Bisabolene C.H, 081 031 NA s 1950 L sioid cnol na v 51

2 | 1786 B-Bisabolene C.H, 016 029 NA fmonene dioxide 1071672 :

28 | 1146 B-Terpinene CoHs | NA | NA 066 Alcohols

31 1607 B-Bergamotene C.H, | NA | NA | 154 8 1447 1-Heptanol CH,O 008 006 NA
Oxides 13 1538 B-Linalool C,HgO  1.07 | 0.73 | 0.32

12 1459 cis-Limonene oxide | C,H, O 0.18  0.10 2.84 15 1629 trans-p-Mentha-2,8-dienol C,H,;0 | 0.89 043 | 1.82

13 1471 trans-Limonene oxide | C,,H,O 020  0.18 | 3.23 16 1652 1-Nonanol CH,,O | 014 012  0.14

24 2003 | cis-Caryophyllene oxide | C,H, O 0.13 | 0.07 NA 17 1671 cis-p-Menth-2,8-dienol | C,H,,O | 0.64 041  1.85

40 2007 | trans-Caryophyllene oxide C,H,,O0 NA = NA  2.06 19 1698 a-Terpineol CyHO | 011 1 021 | NA
Alcohols 24 1832 Trans-carveol C,HO | 0.72 | 0.65 | 10.46

14 1538 B-Linalool C,HO 023 021 064 25 1863 cis-carveol CoH, O 056 091 249

17 1698 a-Terpieol C,HO 052 043 | 1.39 26 2005 Perilla alcohol CoH,O 004 004 084

23 1839 trans-Geraniol C,HO 007 008 | NA 28 2333 Limonen-1,2-diol C,H,0, 068 053 2231

25 | 2182 (-)-Spathulenol C.H,O 018 015 NA Aldehydes

27 | 2284 | o-Bisabolol CisHyO | 011 | 0.06 | NA 6 1291 Octanal CH.O | 054 | 044 NA

32 1624 | cis-Mentha-2,8-dien-1-ol | C, H, O | NA NA | 1.32 7 1398 Nonanal CH,O 013 010 018

34 | 1657 trans-Pinocarveol CiHgO | NA | NA | 143 11 1482 Citronellal C,HO | 0.04 | 012 | NA

35 1665 | trans-Mentha-2,8-dien-1-ol | C, H,.O | NA NA | 1.38 12 1503 Decanal C,oHuO 080 063 0.33

87 | 1788 Myrtenol CyHiO | NA | NA | 244 18 1687 cis-Citral (Neral) CHO 019 034 081

38 | 1832 trans-Carveol CiHO | NA | NA | 3.81 20 1713 Dodecanal C,H,O | 019 | 0.17 0.5

39 | 1863 cis-Carveol CHigO | NA | NA | 2.04 21 1735 | trans-Citral (Gernial) | C,H, O  0.03 0.5 NA

4 | 2140 Cuminol CiHi O NA | NA | 0.26 23 1753 | B-Methylcrotonaldehyde C,H,0 0.2 | 0.92 | 0.77

42 2166 | trans-p-Mentha-2,8-dienol | C, H,.O = NA NA | 0.27 29 1074 Hexanal CH,,0 NA NA | 0.10

43 | 2182 (+)-Spathulenol C.H, O NA NA 068 1.3, 4-Trimethyl-

44 2333 Limonen-1,2-diol C,oHisO, NA NA | 719 38 2421 |3-cyclohexenyl-1- C H.O ' NA ' NA | 3.36
Aldehydes carboxaldehyde

11 1398 Nonanal CH,O 008 011 024 Ketones

16 1687 cis-Citral (Neral) CoHO 172 120 156 s 747 c cho 112 oz 1730

19 1735  transCitral (Gernia)  C,H,O 291 164 194 o | 1563 5 a”’i”f P IV R R

33 1641 Myrtenal CoH.O NA  NA | 1.10 [mona ketone o s :

31 1719 Umbellulone CoHO NA NA 026

Ketones 32 1777 p-Acetyltoluene CH,O | NA | NA 099
10 1339 Sulcatone CH,O 003 002 012 - -3

: B 34 1926 4 Hydroxy-3- oy 6 NA NA 085

29 1583 Camphenilone CH,O | NA NA | 094 methylacetophenone

30 1595 (+)-Nopinone CH,O NA NA | 0.57 36 2128 Cyclooctanone CH,O | NA | NA | 315

36 1747 Carvone C,H,O| NA NA 623 37 9302 3-!sopropylidene-5- | 5 A NA 7.6

. methyl-hex-4-en-2-one 107718
Acids

26 2218 Nonanoic acid CH,0, 005 006 NA Acids

45 | 2412 Geranic acid CiHicO;| NA | NA | 391 27 | 2089 = OctanoicAcid | CH,0, 019 028 062
Esters

Esters

18 1726 cis-Geranyl acetate C,,H,0, 0.64 | 0.69 & 3.71 .

21 1756 | trans-Geranyl acetate  C,H,0, 0.72 098  3.40 14 | 1538 | Linaylacetate | C,H,0, 013 NA | NA
Unknowns 120 225 13.09 Unknowns 0.81 085 1187
@ Peak number labeled on TIC 2 Peak number labeled on TIC
® Retention index relative to C8-C20 n-alkanes on Rtx®-Wax column ® Retention index relative to C8-C20 n-alkanes on Rtx®-Wax column
° A: control sample; B: 2hr sunlight treated sample; C: H,O added and sunlight ¢ A: control sample; B: 2hr sunlight treated sample; C: H,O added and sunlight
treated 2hr sample treated 2hr sample
Table 1: Chemical compositional changes and relative intensity (%) of lemon EO Table 2: Chemical compositional changes and relative intensity (%) of orange EO
in photosensitive experiment analysis by GC-MS. in photosensitive experiment analysis by GC-MS.
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Figure 3: Structures of the major three compositional compounds in citrus and herb essential oils.
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Table 3: Chemical compositional changes and relative intensity (%) of clary sage

EQ in photosensitive experiment analysis by GC-MS.

Page 6 of 9
% Area ° % Area °
PeakNo.? RI® Compounds Formula A ‘ B c Pea:‘( RI® Compounds Formula
No. A ‘ B ‘ c
Hydrocarbons Hydrocarbons
1 1031 o-Pinene C.H, 007 | 002 | 001 1 | 1031 |a-Pinene CioHie 0.12]  0.09 0.08
2 1121 B -Pinene Hae 006 | 002 002 2 1078 Camphene woHe 0.11 0.08 0.11
3 | 1121 B-Pinene oHie 0.08  0.03 0.06
3 1166  B-Myrcene CoH, 069 032 007
4 1166 B-Myrcene I o 047/ 0.35 0.04
4 1213 |Limonene woHie 048 023  0.16
5 | 1213 Limonene oHie 0.54 022 0.18
5 1237 |trans-B-Ocimene C,oHis 0.32 @ 0.20 NA .
7 1237 trans-B-Ocimene woHe 3.31 1.98 NA
6 1254  cis-B-Ocimene C,H 0.61 | 0.40 NA
P 10 e 8 | 1254 |cis-B-Ocimene oHe 367 220 0.49
! 1278 p-Cymene whh | 008 1 005 | 0.0 9 | 1284 Terpinolene oHie 022 012 NA
8 1292 4-Carene CiHig | 017 | 000 | NA 18 | 1624 |Caryophyllene Mg 583  4.88 0.28
17 1617 |B-Elemene 154 024 023 0.4 20 | 1673 |trans-B-Famesene C,sH,, 295 262 0.52
18 1624  Caryophyllene C.Hy, 2.71 2.22 0.18 24 1730 Germacrene D 15 0.75 0.64 0.87
20 1687 cis-B-Famnesene oH 005 009  NA 26 | 1779 |y-Muurolene CisHa 076 093 0.96
2-lsopropyl-5-methyl-9-
2 1730 |Germacrene D CiHy | 279 28 | NA 31 | 2238 methylenebicyclo[4.4.0] C,H,, 024 039 0.44
28 2169 Ledane oHs 018 NA | NA dec-1-ene
Oxid
30 | 2276 Guaiene C.H, 011 030 NA xides
14 | 1476 |Linalool oxide C,HO, 018 031 1.73
Oxides
Linalool 29 | 1991  Caryophyllene oxide C,H,,0 0.51 0.84 3.78
Inalool,
11 1447 oxydihydro- CoHO0, 011 009 0.90 Alcohols
12 1476  Linalool oxide CH0, NA | NA 099 6 | 1219 |Eucalyptol CH O 18 130 1.52
32 2368 Sclareoloxide CH,0 052 097 023 10| 1345 |1-Hexanol CH,O0 018 0 013
13 | 1440 1-Octen-3-ol CHO | 035 026 0.05
Alcohols\ .
15 | 1538 |B-Linalool C,HO | 2489 26.83 24.80
9 1380 |3-Hexen-1-ol CH,0 | 0.06 | 0.00 | 0.03 17 | 1608 |4-Terpeneol C,H,O0 859 722 6.39
10 1440  1-Octen-3-ol CH,O | 004 | 005  0.07 19 | 1668 Lavandulol CoHO | 099 0.94 1.01
13 1538 |B-Linalool C,H,O | 2268 2098 21.05 21 | 1699 o-Terpineol CHO | 175 1.7 1.06
16 1608  4-Terpeneol CH O 008 009 004 22 | 1708 |Bomeol CyoHigO | 195 140 1.60
27 | 1839 trans-Geraniol C,H,O0 070 0.88 NA
21 1699  a-Terpineol CH,0 672 568 518 rans-seranio 1071
2,6-Dimethyl-3,7-
25 1795 |cis-Geraniol C,HO | 099  1.07 | 048 28 | 1927 octadiene-2,6-diol Cot1i0, 0.06) 0.18 122
26 1839 | trans-Geraniol C,HO | 202 247 091 30 | 2149 |p-Cymen-7-ol CiHyO | 004/ 010 0.07
Di 37 32 | 2281 o-Bisabolol C.HO 023 026 0.28
27 19p7 2EDimethyl 3.7 C,H0, 009 011 065 o e
octadiene-2,6-diol 34 | 1801 |7-Norbornanol CH,0 NA|  NA 4.61
29 2181 B-Spathulenol CmeO 0.22 0.33 NA 35 1830 | Thymol C10H140 NA NA 0.41
31 2306 |B-Eudesmol CeHeO | 0.15 044 | 0.09 Ketones
Esters 33 ‘ 1256 ‘S-Octanone C,H, ;0 ‘ NA‘ NA‘ 0.50
14 1563  Linalyl acetate C,H,O, 4643 5385 5122 Esters
11 1359 Octen-1-ol, acetate C,oH;s0, 1.23 0.88 1.16
15 1595  Linalyl formate C,H,0, 046 035 0.08
12 | 1418 n-Hexyl butyrate C,H,O, 046 036 0.53
19 1672 Geranyl formate CiiH0; | 006 010 | 0.18 16 1563 Linalyl acetate C,H,0, 3381 3908 3634
22 1726 cis-Geranylacetate | C,H,0, 211 178 217 23 | 1726 cis-Geranyl acetate C,H,0, 092 088 1.69
24 1756 trans-Geranyl acetate  C,,H, 0, = 4.80 4.00 = 3.95 25 | 1756 trans-Geranyl acetate  C,H,0, 1.65  1.63 1.88
Unknowns 3.89 140  11.16 36 1939 |cis-3-Hexenyl butyrate C,H,s0, NA NA 1.71
Unknowns 0.59 0.28 3.47
@ Peak number labeled on TIC
® Retention index relative to C8-C20 n-alkanes on Rtx®-Wax column : Peak number labeled on TIC
¢ A: control sample; B: 2hr sunlight treated sample; C: H,0 added and sunlight Retention index relative to C8-C20 n-alkanes on Rix®-Wax column
treated 2hr sample ¢ A: control sample; B: 2hr sunlight treated sample; C: H,0 added and sunlight
treated 2hr sample

Table 4: Chemical compositional changes and relative intensity (%) of lavender EO
in photosensitive experiment analysis by GC-MS.
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Figure 4: The reaction pathways of terpenes. (A) oxidation of limonene into various oxidative products, (B) the hydroperoxidation pathway of a-pinene and B-pinene , (C)
oxidation of caryophyllene into its stable product, caryophyllene oxide, (D) citral oxidative and esterified products.
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Figure 5: The citrus EO compositional changes in photosensitivity experiment expressed by CC profiles. I: lemon, II: orange, Ill: clary sage, IV: lavender. (A) control
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of this study suggested herb EOs become a better choice for skin care
products. However, there was still some chemical reactions occurred
for herb EOs under water-light environment. For instance, B-ocimene
decreased 0.93% to 0% and 6.98% to 0.49% in clary sage and lavender,
respectively, owing to the unstable properties in air [24]. Caryophyllene,
B-famesene and germacrene D were sesquiterpenoids [11] and might
converse into oxides or alcohols when H,O co-exist with sunlight.
Compare to lavender oil in group A and C experiment, caryophyllene
(peak 18) decreased from 5.83% to 0.28% and caryophyllene oxide
(peak 29) increased from 0.51% to 3.78% (Figure 4D). The sub-major
compound, B-linalool sometime carries on esterification into linalyl
acetate and increases the anticandidal ability [12]. B-linalool revealed a
slight decreased in relative abundance and conversed into linalyl acetate
for clary sage oil in both light and water-light experiment. According
to the CC profiles of clary sage and lavender shown in Figure 5 III and
IV, only few compositions varied for both herbs EOs after light/water
treatment compare to citrus oils.

In this study, the present of H,O had a great influence of citrus EOs
in composition changes under solarization. The limonene was hydrated,
oxidized and isomerized into its alcohol, ketone and oxide products.
Those hydroperoxides may cause skin hypersensitivity, respiratory
damage and allergic symptom [25-27]. For those reasons, citrus EOs
might not be such a suitable material for skin or hair care products and

their storage should avoid to moisture and sunshine. However, herb
EOs were much less photosensitive than citrus due to their ester and
alcohol composition. This might make herb EOs have more potential
to become a stable material for daily used products application. But
all type EOs should store in proper environment to reduce the risk of
damage, and kept using quality from compositional change.

Conclusion

Citrus and herb EOs are described to contain many bioactive
compounds in literature that make them useful in pharmaceutics as
an antioxidant, antimicrobial and in aromatherapy as a stress repellent
or stimulant [27]. These applications always involve EOs contacting
skin or the respiratory tract directly, and the compositional changes
may cause body damage or become an ineffective therapy depending
on the storage and preparation of the EOs. The knowledge of EO
compositional change as a result of different elements (light, water,
oxygen and temperature, etc.) can ensure the effectiveness and quality
of EOs, in addition to guaranteeing their safety [28,29]. The results in
this study provided a suggestion of handing and storage for EO usage.
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