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Abstract

The essential oil from the dry peels of Citrus Limon was extracted by
hydro distillation. The essential oil yield was found to be 0.6% (v/w). Physical
and chemical properties of the oil were studies; refractive index (1.462), density

(0.918) and viscosity (1.462).

The chemical properties of the oil were measured: iodine value (97.583), acid
value (2.244), saponification value (86.25), ester value (70.583), unsaponifiable
matter (0.673), and ratio value (31.627). Also the extracted essential oil was
analyzed by gas chromatography — mass spectrometry (GC-MS) to determine
the chemical constituents. From the GC-MS analysis 53 compounds were
identified. The main constituents of essential oil were: d-limonene 30.57%, B-

pinene 18.96%, y-Terpinene 8.09%.

Different concentrations of the crude product of Citrus Limon peels (100,
50, 25, 12.5, 6.25 mg/ml) were tested for antimicrobial activity against bacterial
strains and one fungus. Citrus Limon peel oil showed inhibition against all the
test organisms (Gram positive, Gram negative and fungus) at 100mg/ml,
50mg/ml and 25mg/ml. At 12.5mg/ml four organisms showed inhibition zone,

at 6.25mg/ml just three organism's showed inhibition.
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CHAPTER ONE
1 INTRODUCTION

1.1 Fundamentals

Citrus fruits are among the most popular fruits nowadays and have a very
long history of production and use. However, within the past century, industrial
technologies began to develop in order to convert citrus fruits into commercial
products (Swisher et al., 1977). Each year, millions of tons of citrus fruits are
delivered to factories for processing and juice production. Historically, the
oldest citrus product is the oil. In ancient Sicily, where early Italian citrus
industry had just been introduced, lemons were primarily grown for production
of lemon oil, and juice was treated as a waste product until its later use for citric
acid recovery. The early use of lemon and orange oils was mainly in perfumery
and pharmaceuticals (Swisher et al., 1977). With rapid development of science
and technology, more areas of use of citrus oils were found, for which more
detailed information on chemical composition and properties were required. The
modern perfume and flavor industries have benefited from further research on
citrus peel oil and essence. Besides, the yield of citrus seed oil has increased
since citrus seeds were discovered as a new source of edible oil. Citrus has
proven to be a very good option for the oil and essence production. The genus
citrus, according to Tanaka’s system, has been divided into eight groups,
Papeda, Limonellus, Citruphorum, Cephalocitrus, Aurantium, Osmocitrus,
Acrumen, and Pseudofortunella, with a number of species within each group
and a larger number of fine-quality hybrids as well (Ogawa et al., 2000).

The essential oils are aromatic compounds that are widely used in the
perfume, pharmaceutical and food industries. Essential oils are mixtures of
more than 200 different compounds. These compounds are mainly formed of
monoterpene and sesquiterpene hydrocarbons and their oxygenated derivatives

such as esters, alcohols and aliphatic aldehydes and ketones. Essential oils are



generally created by aromatic plants. The specific gravity of essential oils is
often less than water and only a small number of essential oils have a higher
specific gravity than water. Essential oils are non-miscible with water but can
transfer their odors to aqueous layer. These compounds are solved in most of
organic solvents such as diethyl ether, hexane and ethyl acetate. Essential oils in
the presence of air and heat are evaporated, therefore they might be called
volatile oils or ethereal oils (Aberoomand et al., 2011; Kamal et al., 2011).
Some physical and chemical properties of essential oils are different from fixed
oils. The most important is that the essential oils are condensable and can be
extracted by distillation methods and they are not glycerol esters. The essential
oils do not produce soap with alkaline and do not make permanent stains on
paper (Jaymand, 2001). The essential oils are complex natural mixtures that can
be formed from different chemical compounds with various concentrations.
Constituent compounds of essential oils are in two groups with two distinct
biosynthetic pathways from each other. Terpenoids derivatives created of the
intermediate acetate — malonic acid and aromatic compounds made from
shikimic acid and phenylpropanoids. In addition to the above classification,
components of essential oils might be classified based on the functional groups
present in the structure that include hydrocarbons, alcohols, aldehydes, ketones,
esters, phenols, phenolic ethers, oxides and peroxides. Terpenes and their
oxygenated derivatives (Terpenoids) are the most important categories of the
ingredients of essential oils. Depending on the number of isoprene units in the
structure of terpenes, these compounds are classified to hemiterepens (C5)
monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), sesterterpenes
and, (C25) triterpenes (C30), tetra-terpenes (C40) and poly-terpenes (C5) n,

where n is greater than 8.

Citrus peel oils of very complex composition are contained in oval,

balloon-shaped oil sacs, or vesicles, located in the outer rind, or flavedo, of the



fruit (Usai et al., 1992). The oil is usually extracted by mechanical separation or
hydro distillation. The five main types of citrus from which peel oils are
recovered are orange, grapefruit, tangerine, lemon, and lime (Shaw and
Veldhuis, 1977). Mechanical separation, known as cold-pressing of peel oils,
does not use heat in order to avoid loss of volatile components. Swisher and
Swisher (Swisher and Swisher, 1977) described three general commercial
methods that are widely used in citrus industry to extract crude oils from fruit
peels:

(1) Oil recovery from peel after juice extraction

(2) Simultaneous extraction of juice and oil emulsion from whole fruit

(3) Recovery of oil from the peel flavedo after removal from the whole fruit by
abrasion or shaving

Citrus peel oils for small-scale use may be obtained by hand-pressing. Fruits are
sliced, and mesocarp and albedo layers are peeled from the flavedo before hand-
pressing. Peel oils are collected in brine solution on ice, and oil extract is
centrifuged at 4°C. Afterwards, the supernatant is dehydrated with anhydrous
sodium sulfate and filtered (Choi and awamura, 2000). The total final oil extract
is about 1% of the flavedo by weight (Choi, 2003). Citrus peel oils other than
cold-pressed oils have a lower price in the marketplace and are known as
distilled oil, which is recovered from peels by steam distillation. This oil
possesses an odor and flavor that is generally inferior to that of the cold-pressed
oil (Swisher et al., 1977). The final oil extract is a liquid with its color varying
depending on the species of the fruit, lemon oil is pale yellow to pale greenish-
yellow (Bauer et al., 1990).

Lemon essential oil are complex mixtures of chemical compounds like
limonene, Y-terpinene, citral, linalool and B-caryophyllene among others, which
can be represented by three main classes, namely terpenes, oxygenates, and
sesquiterpenes (Benvenuti, et al., 2001 and Van Straten et al., 1983). The most

significant flavour compound is citral, while linalool possesses highly



distinctive organoleptic characteristics. In addition, limonene, myrcene, octanol,
and Y-terpene among others contribute with high aroma flavour of lemon oil

(Benvenuti, ef al., 1983).

Lemon is an important medicinal plant of the family Rutaceae. It is
cultivated mainly for its alkaloids, which are having anticancer activities and the
antibacterial potential in crude extracts of different parts (viz., leaves, stem, root
and flower) of Lemon against clinically significant bacterial strains has
been reported (Kawaii ef al., 2000). Citrus flavonoids have a large spectrum of
biological activity including antibacterial, antifungal, antidiabetic, anticancer
and antiviral activities (Burt, 2004; Ortuno et al., 2006). Flavonoids can
function as direct antioxidants and free radical scavengers, and have the
capacity to modulate enzymatic activities and inhibit cell proliferation (Duthie
and Crozier, 2000). In plants, they appear to play a defensive role against
invading pathogens, including bacteria, fungi and viruses (Sohn et al., 2004).
The peel of Citrus fruits is a rich source of flavonoid glycosides, coumarins,
and sitosterol, glycosides and volatile oils (Shahnah et al., 2007). Many
polymethoxylated flavones have several important bioactivities, which are very
rare in other plants (Ahmad et al., 2006). In addition, the fiber of citrus fruit
also contains bioactive compounds, such as polyphenols, the most important
being vitamin C (or ascorbic acid), and they certainly prevent and cure vitamin
C deficiency-the cause of scurvy (Aronson, 2001). Antimicrobial activity of the
peel extract is directly concerned with the components that they contain. The
studies showed that essential oils, protopine and corydaline alkaloids, lactons,
polyacetylene, acyclic sesquiterpenes, hypericin and pseudohypericin
compounds are effective toward various bacteria. Nevertheless, other active
terpenes, as well as alcohols, aldehydes, and esters, can contribute to the

overall antimicrobial effects of the essential oils (Keles et al., 2001).



1.2 Objectives
e To extract and characterize the oil.
e To identify the major components of the oil.

e To test the antimicrobial activity of the oil.



CHAPTER TWO

2 LITERTURE REVIEW
2.1 Classification of Citrus Limon
Kingdom : Plantae
Order : Sapindales
Family : Rutaceae
Genus : Citrus
Species : C. X limon

Binomial name: C. Limon (L.) Burm.f.
Potential name: Citrus Limon
Common name: lemon
2.2 History of citrus Limon
2.2.1 Origin

The origin of the lemon is unknown, though lemons are thought to have
first grown in Assam (a region in northeast India), northern Burmaor China
(Morton, 1987). A study of the genetic origin of the lemon reported it to be
hybrid between bitter orange (sour orange) and citron (Gulsen and Roosa,
2011).

Lemons entered Europe near southern Italy no later than the first century
AD, during the time of Ancient Rome (Morton, 1987). However, they were not
widely cultivated. They were later introduced to Persiaand then
to Iraq and Egypt around 700 AD (Morton, 1987). The lemon was first recorded
in literature in a 10th-century Arabic treatise on farming, and was also used as
an ornamental plant in early Islamic gardens (Morton, 1987).It was distributed
widely throughout the Arab world and the Mediterranean region between 1000
and 1150 (Morton, 1987).

The first substantial cultivation of lemons in Europe began in Genoa in the

middle of the 15th century. The lemon was later introduced to the Americas in



1493 when Christopher Columbus brought lemon seeds to Hispaniola on his
voyages. Spanish conquest throughout the New World helped spread lemon
seeds. It was mainly used as an ornamental plant and for medicine (Morton,
1987). In the 19th century, lemons were increasingly planted
in Florida and California (Morton, 1987).
In 1747, James Lind's experiments on seamen suffering from scurvy involved
adding lemon juice to their diets, though vitamin C was not yet known (Lind,
1757).
The origin of the word "lemon" may be Middle Eastern (Morton, 1987). The
word draws from the Old Frenchlimon, then Italian limone, from the
Arabic laymin or Iimiin, and from the Persian Iimin, a generic term
for citrus fruit, which is a cognate of Sanskrit (nimbf, “lime”).
2.2.2 Description of the tree

The true lemon tree reaches 10 to 20 ft (3-6 m) in height and usually has
sharp thorns on the twigs. The alternate leaves, reddish when young, become
dark-green above, light-green below; are oblong, elliptic or long-ovate, 2 1/2 to
4 1/2 in (6.25-11.25 cm) long, finely toothed, with slender wings on the
petioles. The mildly fragrant flowers may be solitary or there may be 2 or more
clustered in the leaf axils. Buds are reddish; the opened flowers have 4 or 5
petals 3/4 in (2 cm) long, white on the upper surface (inside), purplish beneath
(outside), and 20-40 more or less united stamens with yellow anthers. The fruit
is oval with a nipple-like protuberance at the apex; 2 3/4 to 4 3/4 in (7 -12 cm)
long; the peel is usually light-yellow though some lemons are variegated with
longitudinal stripes of green and yellow or white; it is aromatic, dotted with oil
glands; 1/4 to 3/8 in (6-10 mm) thick; pulp is pale-yellow, in 8 to 10 segments,
juicy, acid. Some fruits are seedless, most have a few seeds, elliptic or ovate,

pointed, smooth, 3/8 in (9.5 mm) long, white inside (Morton, 1987).



2.2.3 Distribution of citrus in Sudan

The most important citrus fruit trees grown in Sudan include sweet
orange (Citrus sinensis Osbeck), grapefruit (C.paradisi Macf.) and lime
(C.auranfifofia). Other citrus trees are grown but on a limited scale, like
mandarin (C.reticulata Blanco), lemon (C.limon) and pummelo (Cgrandis). This
is in addition to other types of citrus trees used mainly as rootstocks, of which
the sour orange (C.aurantium) is the most widely used. The northern, eastern
and central regions are important areas of production. Jebel Matra area
inWestern Darfur State is of a special importance in citrus production as almost
all the sweet navel orange fruits (seedless fruits) are produced there. Small areas
of citrus fruits are found in some parts of Kordofan states. All cultivars of citrus
fruits grown are introduced old varieties. The distinct old cultivars in citrus
fruits are five for sweet orange, three for grapefruit, and three for lime. Some
wild citrus trees are also reported to be growing in some parts of western and
central Sudan. During the eighties, some new orange and grapefruit varieties
were officially released.

Citrus is an important cash crop in the Sudan. In addition, it is one of the
major sources of human diet due to its high nutritive value, especially vitamin C
(Bedri, 1984). Its cultivation is native to tropical and subtropical regions.
Nowadays, it is grown all over the world wherever there is sufficient rainfall
and irrigation to sustain the trees.

Total area of citrus in Sudan is estimated as 100000 Fed (National
Horticulture Administration, 2001). However, the productivity of this area may
not satisfy the ever- increasing demand for citrus products for local
consumption and export. Therefore, the national strategy of citrus expansion is
directed towards the large national schemes, e.g. Gezira, Suki, Rahad and the
Blue Nile Schemes in the Central Clay Plain (Sidahmed and Geneif, 1984).
Soils of this area are characterized by high clay contents, low nitrogen level and

high pH values (Blockhuis, 1993). Citrus trees grown in this area are stunted



and of low yield (Hamid, 1986). Fruit quality is also poor indicated by low total
soluble solids (%TSS), low ascorbic acid (vitamin C) and high acidity (%TA).
Many factors were suspected to cause the low yield and poor quality of fruits in
this area. These factors may include use of local low yielding cultivars, soil

problems and poor management practices such as lack of fertilizers application.
2.3 Varieties

The 'Bonnie Brae' is oblong, smooth, thin-skinned, and seedless (William,
1885); mostly grown in San Diego County (Carque and Otto, 2006).
The 'Eureka' grows year-round and abundantly. This is the common
supermarket lemon, also known as 'Four Seasons' (Quatre Saisons) because of
its ability to produce fruit and flowers together throughout the year. This variety
is also available as a plant to domestic customers (Buchan and Ursula,
2005). There is also a pink-fleshed Eureka lemon, which's outer skin
is variegated from green and yellow stripes.

The 'Femminello St. Teresa', or 'Sorrento' is native to Italy. This fruit's zest is
high in lemon oils. It is the variety traditionally used in the making
of limoncello.

The 'Meyer' is a cross between a lemon and possibly an orange or a
mandarin, and was named after Frank N. Meyer, who first introduced it to the
USA in 1908. Thin-skinned and slightly less acidic than the Lisbon and Eureka
lemons, Meyer lemons require more care when shipping and are not widely
grown on a commercial basis. Meyer lemons often mature to a yellow-orange
color. They are slightly more frost-tolerant than other lemons.

The 'Ponderosa' is more cold-sensitive than true lemons; the fruit are thick-
skinned and very large. It is likely a citron-lemon hybrid.

The 'Yen Ben' is an Australasian cultivar.



2.4 Culinary uses

Lemon juice, rind, and zest are used in a wide variety of foods and drinks.
Lemon juice is used to make lemonade, soft drinks, and cocktails. It is used
in marinades for fish, where its acid neutralizes amines in fish by converting
them into nonvolatile ammoniumsalts, and meat, where the acid
partially hydrolyzes tough collagen fibers, tenderizing the meat, but the
low pH denatures the proteins, causing them to dry out when cooked. Lemon
juice is frequently used in the United Kingdom to add to pancakes, especially
on Shrove Tuesday.

Lemon juice is also used as a short-term preservative on certain foods that
tend to oxidize and turn brown after being sliced (enzymatic browning), such as
apples, bananas, and avocados, where its acid denatures the enzymes.

Lemon juice and rind are used to make marmalade, lemon curd and lemon
liqueur. Lemon slices and lemon rind are used as a garnish for food and drinks.
Lemon zest, the grated outer rind of the fruit, is used to add flavor to baked
goods, puddings, rice, and other dishes.

The leaves of the lemon tree are used to make a tea and for preparing

cooked meats and seafood’s.

2.5 Other uses
2.5.1 Industrial

Lemons were the primary commercial source of citric acid before the
development of fermentation-based processes (Rauf et al, 2014).
2.5.2 As a cleaning agent

The juice of the lemon may be used for cleaning. A halved lemon dipped in
salt or baking powder is used to brighten copper cookware. The acid dissolves
the tarnish and the abrasives assist the cleaning. As a sanitary
kitchen deodorizer the juice can deodorize, remove grease, bleach stains, and

disinfect; when mixed with baking soda, it removes stains from plastic food
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storage containers (Penniston et al, 2008). The oil of the lemon's peel also has
various uses. It is used as a wood cleaner and polish, where its solvent property
is employed to dissolve old wax, fingerprints, and grime. Lemon oil and orange
oil are also used as a nontoxic insecticide treatment.
A halved lemon is used as a finger moistener for those counting large amounts
of bills, such as tellers and cashiers.
2.5.3 Medicinal

Lemon oil may be used in aromatherapy. Lemon oil aroma does not
influence the human immune system, but may enhance mood (Hofrichter,
2010). The low pH of juice makes it antibacterial, and in India, the lemon is

used in Indian traditional medicines (Siddha medicine and Ayurveda).
2.6 Other

One educational science experiment involves attaching electrodes to a
lemon and using it as a battery to produce electricity. Although very low power,
several lemon batteries can power a small digital watch. These experiments also
work with other fruits and vegetables.

Lemon juice may be used as a simple invisible ink, developed by heat (Kiecolt-
Glaser et al., 2008).
2.7 Alternative lemon
Many plants taste or smell similar to lemons.
o Certain cultivars of basil
o Cymbopogon (lemongrass)
o Lemon balm, a mint-like herbaceous perennial in the Lamiaceae family
o Two varieties ofscented geranium: Pelargonium crispum (lemon
geranium) and Pelargonium x melissinum (lemon balm)
« Lemon thyme
« Lemon verbena

o Limes, another common sour citrus fruit, used similarly to lemons

11



e Certain cultivars of mint

o Magnolia grandiflora trees
2.8 Production

In 2013, world production of lemons (together with limes) was 15.2
million tonnes, led by India, Mexico and China as the main producers.

Argentina and Brazil also had significant production (Cooke and Emst, 2000).
2.9 Volatile Qils from citrus fruit

Volatile oils from citrus fruits contain various type of natural flavors and
fragrances, which are popularly used in food industries, daily chemical products
and health care field (Sheng-min et al., 2012). Citrus species are potential
sources of variable oils which might be utilized for edible and other industrial
applications (maria et al., 2012). Humankind used plants for healing many
thousands of years, and it’s from this tradition the use of aromatic plant
compounds in medicine was begun. Oils were used in the embalming process,
in medicine and in purification rituals. There are also over 200 references to
aromatic, incense, and ointments in the old and new Testaments (Frankincense,
3 Myrrh, Galbanum, Cinnamon, Cassia, Rosemary, Hyssop and Spikenard) are
noted for being used anointing rituals and healing of the sick. Research
confirmed centuries of practical use of essential oils, and we now know that the
fragrant pharmacy contains compounds with an extremely broad range of
biochemical effect (Sheng-min et al.,2012).Essential oils are broadly used as
pharmaceutical components, in nutritious supplements and for cosmetic
industry and aromatherapy (Maria et al., 2012).Guenther (1955) also stated that
the oil is also employed in perfumes, toilet water, beaux cologne, and in
cosmetics to, which it impacts a refreshing top note. There are about three
hundred essential oils in general use today by professional practitioners. With
continual bombardment of viral, bacterial, parasitic and fungal contamination in

our world. Essential oils are a great benefit to help protect our bodies and health
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from sickness. Essential oils are products obtained from vegetable raw materials
(Berger2007). They are complex mixtures their composition may include
volatile terpenic compounds, which have the formula (C5HS),. where the
compounds are monoterpenes if n=2, sesquiterpenes when n=3, diterpenes if
n=4,etc(Smith et al.,2001). These are secondary metabolites in plants (Mazen,
2002) and responsible for the characteristic aroma on the fruit. Immune system
needs support and essential oils give that, because of the enormous amount of
raw product used to make wholly natural essential oils, lots of products on the
market have been polluted with lower quality, commercial grade oils or contain
other chemical substances to reduce the cost or increase the profit margin a fact
that not usually revealed on the label. This 4 is why it is important to study the
chemical composition of the volatile fraction once the essential oil is extracted.
This fraction is characterized by the complexity in the separation of its
components, which belong to various classes of compounds and which are
present in wide range of concentrations. Therefore, it is complicated to establish
a composition profile of essential oils. Lemon essential oils are complex
mixture of chemical compounds like limonene, y-terpinene, citral, linalool and
B-caryophylene among other, which can be represented by the main
classes,namely terpenes, oxygenates, and sesquiterpenes (Benvenuiti et
al,2001).The most significant flavor compound is citral, while linalool possess
highly distinctive organoliptic characteristic. In addition, limonene, octanol, and
Y-terpene among other contribute with high aroma flavor of lemon oil
(Benvenuiti et al, 2001). The quality of essential oil depends on different
factors, among them are the chemo type and biotype of the plant, the climatic
conditions, as well as, the extractive process. Citrus fruits have a rough, robust,
and bright (green to yellow) color skin they are 5 usually 4- 30cm long and 4-
20cm in diameter with peel surrounding known as (epicarp) that covered the
fruit and protect it from damages. Citrus fruits are notable for their fragrance

partly due to flavanoids and lemonoids contained in the rind (Manthey, 2004).
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The endocarp is rich in soluble sugar and contains significant amounts of
vitamin ¢, pectin, different organic acids and potassium salt which give the

fruits its characteristic citrus flavor (Ezejiofor ef al, 2011).

2.10 Function of the essential oils in the plants

Essential oils are extracted from oil sacs, in flowers, seeds, leaves, roots,
wood and bark. They differ significantly from the well-known vegetable, nut 7
and seeds oils which are made up of various fatty acids, essential oils are used
by the plants in somewhat the same way by humans,they fight infections,
contain hormone-like compounds, initiate cellular regeneration, and work as
chemical defense against fungal, viral, and animal foes. Despite their foliar
origins however, essential oils have similar structure to some compounds found
in blood and tissues, allowing them to be compatible with our physiology
(GUENTHER, 1955).
2.11 Chemical constituents of essential oil

Pure essential oils are mixtures of more than 200 components, normally
mixtures of terpenes or phenylpropanic derivatives, in which the chemical and
structural differences can be classified into two groups;
Volatile fractions

Essential oils constituting 90-95%o0f the oil in weight, containing the
monoterpene and sesquiterpene hydrocarbons, as well as their oxygenated
derivatives along with aliphatic aldehydes, alcohols, and esters .
Nonvolatile residues

That comprises 1-10% of the oil, containing hydrocarbons, fatty acids,
sterol, carotenoids, waxes, and flavonoids.

2.11.1 Hydrocarbons

14



Essential oils consist of chemical compounds that have hydrogen and
carbon as their building blocks. Basic hydrocarbons found in plants are
(Isoprene) having the following structure (CH3-CH2-C=CH-CH2)

2.11.2 Terpenes

29

These are generally have names ended by “ene” eg.limonene, pinene,
camphene, piperene, etc. Terpene are anti- Inflammable, antiseptic, antiviral,
and bactericidal. Terpenes can be further categorized in monoterpenes,
sesquiterpenes and diterpenes. Referring back to isoprene units under the
hydrocarbons heading, when two of these isoprene unit join head to tail, the

result is a monoterpene, when three join, it is a sesquiterpene and four linked

isoprene units are diterpene.

2.11.2.1 Monoterpene (CioHj)

This terpenes are,analgestic Bactericidal, Expectorant, and Stimulant.
Monoterpene are naturally occurring compounds, the majority being
unsaturated hydrocarbons (C10). But some of their derivatives such as alcohols,
ketones, and carboxlic acids known as monoterpene like (limonene, menthol).
The branched-chain C10 hydrocarbons comprise of two isoprene units and is
widely distributed in nature with more than 400 naturally occurring
monoterpene identified. Moreover, besides being linear derivatives Geraniol,
Citronellol, the monoterpene can be cyclic molecules (menthol-monocyclic,
Camphor- bicyclic; Pinenes, pine genera as well. Thujone (a monoterpene) is
toxic agent found in Artemisia absinthium(wormwood) from which the absinthe
is made. Borneol and camphor are two commonmonoterpenes.

Borneol, derived from pine oil, is used as disinfectant and deodorant. Camphor
is used as counterirritant, anesthetic, expectorant, and antipruritic,among many
other uses.e.g Camphene and pinene in cypress oil.Camphene,
pinene,andthujhene in black pepper.

2.11.2.2 Sesquiterpenes (CisH,4)
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They are anti-inflammatory, anti-septic, analgestic, anti-allergic. And in
structure may be linear, monocyclic, or bicyclical Sesquiterpene are
biogenetically derived from farensylpyrophosphate. They constitute a very large
group of secondary metabolites; some have been shown to be stress compounds

formed as a result of disease or injury.

2.11.2.3 Sesquiterpene lactones

Over 500 compounds of this group are known; they are particularly
characteristics of the composite but do occur sporadically in other families. Not
only they have proved to be of interest from chemical and chemotaxonomic
points of view, but also possess many antitumor, anti-leukemia, cyto toxic and
antimicrobial activities. They may be responsible for skin allergies in human
and they can also act as insect detergents. Chemically the compounds can be
classified according to their carboxylic skeleton, thus, from the
germacranolidesguaianolides, pseudoguaianolides, cudesmanolides,
eremophilanolides, xanthanolides,etc can be derived. A structural feature of all
these compounds, which appears to be associated with much of the biological
activity, 1is the alpha- betaunsaturated-Gama-lactones.e.g franesene in
chamomile and lavender.betacaryophyllene in basil and black pepper.
2.11.2.4 Diterpenes (CyoHs,)

These are Anti-fungal, expectorant, hormonal balancers, and hypertensive.
Diterpene are made up of four isoprene units. These molecules are too heavy to
allow for evaporation with steam in distillation process. So they are rarely found
in distilled essential oils. Diterpenes occur in all plant families and consist of
compounds having a C20 Skeleton. There are about 2500 known diterpenes that
belong to 20 major structural types. Plants hormones Gibberellins and phytol
occurring as aside chain on cholorophyll are diterpenic derivatives. The
biosynthesis occurs in plastid and interestingly mixtures of monoterpenes and

diterpenes are amajor constituents of plant resins. In asimilar manner to
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monoterpenes, diterpenes arise from metabolism of
gernalygernalypyrophpsphate GGPP Diterpenes have limited therapeutical
importance and are used in certain sedatives (coughs) as well as in
antispasmodics and antoxiolytics.e.g.sclareol in clary sage is an example of a

diterpene alcohol.

2.11.3 Alcohols

These are Anti-septic, anti-viral, bactericidal and germicidal. Alcohols exist
naturally, either as free compounds, or combined with terpene or ester. When
terpenes are attached to an oxygen atom, and hydrogen atom, the result is an
alcohol. When the terpene is amonoterpene, the resulting alcohol is called
monoterpenol. Alcohols have very low or totally absent toxic reaction in the
body or on the skintherefore, they are considered safe to use.e,g. linalool found

in ylang-ylang and lavender,geraniol in geranium and rose. nerol in neroli.

2.11.4 Aldehydes

These are Anti-fungal, anti-inflammatory, anti-septic, antiviral, bactericidal,
disinfectant, sedative,medicinally, essential oils containing aldehydes are
effective in treating candida and other fungal infections.e.g.citral in lemon,
lemongrass and lemon balm,citronellal in lemongrass, lemon balm and citrus
eucalyptus.
2.11.5 Acids

Anti-infalmmatory, Organic acids in their free state are generally founds in
very small quantities within essential oils. Plant acids act as components or
buffer system to control acidity.e.g.cinnamic and benzoic acids in benzoin.citric
and lactic in essential oil lemongrass and lemon balm,citronellal in lemongrass,

lemon balm, and citrus eucalyptus.
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2.11.6 Esters

Essential oil containing esters are used for their thooting, balancing effects.
Because of the presence of alcohol, they are effective antimicrobial agents.
Medicinally, esters are characterized as antifungal and
Sedative, with a balancing action on the nervous system, they are generally free
from precautions with the exception of methyl slicylate found in birch and
wintergreen which is toxic within the ayatem.e.g., linyl acetate in bergamot and

lavender, geranylformate in geranium.

2.11.7 Ketones

Anti-catarrhal, cell proliferant, expectorant, vulnery.Ketones often are found
in plants that are used for upper respiratory complaints, they assist the flow of
mucus and ease congestion, essential oils containing ketones are beneficial for
promoting wound healing and encouraging the formation of scar tissue .ketones
are usually very toxic, the most toxic ketone is thujone founds in mugwort,
stage, tansy, thuja and wormwood oils, other toxic ketones found in essential
oils are pulegone in pennyroyal, and pincocamphone in hyssop, some non-toxic
ketones are jasmine in jasmine oil,fenchone in fennel oil, carvone in spearment
and oil and menthone in peppermint oil.e.g.fenchone in fennel, carvone in

speariment and dill, menthone in peppermint.

2.11.8 Lactones
These are Anti-inflammatory, antiphlogistic,expectorant, febrifugethey are
found to be particularly effective for their anti-inflammatory actions and they

are have an even stronger expectorant action then ketones.

2.12 Extraction of Essential Oils Using Steam Distillation Method:
Essential oils can be extracted using a variety of methods, although some

are not commonly used today. Nowadays, a reputable distiller will try to

preserve the original qualities of the plant, but the final therapeutic result is

often not formed until after the extraction process. During extraction, the
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qualities of the oil change to give it more value - for example, chamazulene
(characteristic of the pure blue colour of German Chamomile) is formed during
the steam distillation process. Currently, the most popular method for extraction
is steam distillation. Many old-time distillers favor this method for most oils,
and say that none of the newer methods produces better quality oils. Steam
distillation is a special type of distillation or a separation process for
temperature sensitive materials like oils, resins, hydrocarbons, etc. which are
insoluble in water and may decompose at their boiling point. The fundamental
nature of steam distillation is that it enables a compound or mixture of
compounds to be distilled at a temperature substantially below that of the
boiling point(s) of the individual constituent(s). Essential oils contain
substances with boiling points up to 200°C or higher temperatures. In the
presence of steam or boiling water, however, these substances are volatilized at
a temperature close to 100°C at atmospheric pressure. Fresh, or sometimes
dried, botanical material is placed in the plant chamber of the still and the steam
is allowing to pass through the herb material under pressure which softens the
cells and allows the essential oil to escape in vapor form. The temperature of the
steam must be high enough to vaporize the oil present, yet not so high that it
destroys the plants or burns the essential oils. As they are released, the tiny
droplets of essential oil evaporate and, together with the steam molecules, travel
through a tube into the still's condensation chamber. As the steam cools, it
condenses into water. The essential oil forms a film on the surface of the water.
To separate the essential oil from the water, the film is then decanted or
skimmed off the top. The remaining water, a byproduct of distillation, is called
floral water, distillate, or hydrosol. It retains many of the therapeutic properties
of the plant, making it valuable in skin care for facial mists and toners. In
certain situations, floral water may be preferable to be pure essential oil, such as

when treating a sensitive individual or a child, or when a more diluted treatment
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is required. Rose hydrosol, for example, is commonly used for its mild
antiseptic and soothing properties, as well as its pleasing floral aroma.

Essential oil isolated by steam distillation are different in composition to
those naturally occurring in the oil bearing glands of plants, since the steam
distillation conditions cause chemical reactions to occur which result in the
formation of certain artificial chemicals, called artifacts. Some of these are
considered beneficial e.g. the formation of chamazulene during the steam
distillation of Chamomile oil; whilst others may not be e.g. the hydrolysis of
linalyl acetate during the distillation of clary sage. Few, if any, essential oils are
unscathed by the thermal conditions of steam distillation, but some distillation
techniques can, in certain instances, be a measure less damaging than others
(e.g. hydro diffusion — a sort of inverted steam distillation where steam is
introduced at the top of the vegetable material-packed container, and oil and
condensate issue from the bottom — can produce oils with higher ester contents
1.e. less thermally induced hydrolysis).

A number of factors determine the final quality of a steam distilled essential
oil. Aside from the plant material itself, most important are time, temperature
and pressure, and the quality of the distillation equipment. Essential oils are
very complex products. Each is made up of many, sometimes hundreds, of
distinct molecules which come together to form the oil's aroma and therapeutic
properties. Some of these molecules are fairly delicate structures which can be
altered or destroyed by adverse environmental conditions. So, much like a fine
meal is more flavorful when made with patience, most oils benefit from a long,
slow 'cooking' process. It is possible that longer distillation times may give
more complete oil. It is also possible however, that longer distillation time may
lead to the accumulation of more artifacts than normal. This may have a curious
effect of appearing to improving the odour, as sometimes when materials that

have a larger number of components are sniffed, the perception is often of
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slightly increased sophistication, added fullness and character, and possibly, and
extra pleasantness.

Advantage of steam distillation is that it is a relatively cheap process to
operate at a basic level, and the properties of oils produced by this method are
well known. Newer methodology, such as sub critical water extraction, may
well eventually replace steam distillation the, but so far even contenders such as
carbon dioxide extraction - although establishing a firm market niche - have not

really threatened to take over as the major preparative technique.

2.13 Uses of Essential Oils

Essential oils are products of the secondary metabolism of plants, and
generally are fragrant volatile materials consisting of complex mixtures of
mono- and sesqui-terpene hydrocarbons, and oxygenated materials biogenically
derived from them hence essential oils are used in flavourings, perfumes, in
Aromatherapy, as insect & animal repellents, in pharmaceutical preparations, as

anti-microbial agents and in many other ways
2.14 Peel oil

The quality and quantity of citrus peel essential oils depend on many
factors, such as the nature of the fruit itself, provenance, genotype, soil type and
climate but also on the extraction process (Dugo ef al., 2000). The oil content of
citrus peels ranges between 0.5 and 5.0 % (w/v). Essential oils extracted from
citrus peel are very complex matrices containing numerous compounds of
different chemical classes. These compounds are generally divided in two
fractions: the volatile fraction, which is the most representative and ranges
between 85 and 99% in the different cold-pressed citrus oils, and the non-
volatile residue, containing fatty acids, sterols, carotenoids, waxes, coumarins,
and polymethoxylated flavonoids (2-6% of the oil), which ranges between 1 and
15% (Dugo et al.,2000). The volatile constituents are a mixture of monoterpene

(limonene) and sesquiterpene hydrocarbons and their oxygenated derivatives
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including aldehydes (citral), ketones, acids, alcohols (linalool) and esters
(Borgmann et al., 2004; Flamini et al., 2007).
2.15 Properties of oil
2.15.1 Physical properties
2.15.1.1 Density

A part from determining whether or not an oil will float, its density can
often give a general indication of other properties of the oil. Oils with low
densities tend to have low viscosities and contain a high proportion of volatile
components. (Catherine, 1934) The density of crude oils is often expressed as
API gravity
Where:
API=(141.5/s.g)—131.5
Where s.g = specific gravity, density relative to pure water.
API = American institute petroleum.
API values range from below 10 to over 40 but it should be appreciated that
high API values relate to low density oils and vice versa.
2.15.1.2 Viscosity

The viscosity of oil is its resistance to flow through a capillary tube.
Since viscosity involves the size and the shape of the macro molecular, it was
considered as the one of the most important analytical and commercial
parameter. The viscosity of a solution may have a complicated variation with
composition due to possibility of hydrogen bonding among the solute and
solvent molecules more hydrogen groups make high viscosity, because a
network of hydrogen.
Bonds are formed between the molecules. High viscosity oils flow difficulty
while oils with low viscosity are highly mobile and spread quickly. Viscosity

decreases as temperature increase ( Beancraff, 1932 ).
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2.15.1.3 Refractive index

The refractive index (n) of a substance with reference to air is the ratio of
the sine of the angle of incidence to the sine of the angle of refraction of a beam
of light passing from air into the substance. It varies with the wavelength of the
light used in its measurement. Refractive indices (nD20), are stated in terms of
the wavelength of the sodium D-line (589.3 nm) at a temperature of 19.5C° to
20.5C° unless otherwise specified.

The index of refraction is related to the unsaturation of fatty acids, being
altered besides, by the presence of abnormal or unusual acids, in which the

presence of the hydroxyl group raises the refractive index.

2.15.2 Chemical properties: ( Backette and Stenlke, 2002 )
2.15.2.1 Acid value

Acid value is defined as the number of mgs of potassium hydroxide
required to neutralize the free acid in one gram of substance. The acid value is
used to eliminate low grade and rancid oils which tend to have higher acid

value.

2.15.2.2 Saponification value

The average length of the chain of the fatty acids incorporated into a fat or
an oil is expressed by the saponification number, which is defined as the
number of mg of potassium hydrolysis required to neutralize the fatty acids
resulting from the complete hydrolysis of one gram of substance. The
saponification value is a measure of both free and combined acids. All edible
oils have saponification value lying between 188 —196. The saponification value
is a measure of the equivalent weight of the acids presents, and is therefore
useful as an indication of purity. Adulteration with mineral oils would be shown
by low saponification values whereas rancidity which leads to the formation of

low molecular weight acids would be indicated by an abnormally high
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saponification values. The acid value of most edible oil is small relative to the

saponification value.

2.15.2.3 Aster value

Ester value is defined as the number of mg potassium hydroxide required
to neutralize the acids resulting from the complete hydrolysis of one gram of
materials. Ester value is a measure of the combined acids present in the

substance.

2.15.2.4 Iodine value

The degree of unsaturation of a fat is described by the iodine number,
which is defined as the weight of iodine absorbed by 100 parts by weight of the
substance. It is a measure of the unsaturated compounds present in the
substance, and is based upon the addition of halogen cross a carbon —carbon
double bond. Most edible oils have iodine values in the range 87 — 62.
A quantitative measurement of the unsaturation present is obtained, provided
that, certain experimental conditions are complied with, since there is a
tendency with both reagents for substitution reaction as well as addition to take

place.

2.16 Previous Studies on essential oil of Citrus Limon peel

Yassen (2015) in Sudan Studied some properties of lemon peel oil in
comparative study between three types of citrus. He reported that refractive
index (1.48), density (0.86), acid value (1.79), saponification value (13.5) and
peroxide value (13.67). He identified 12 compounds in lemon peel oil obtained
by gas chromatography-mass spectrometry, also the major components were
found D-limonene (64%), 2-cyclohexen-1-ol (6.21%) and B-pinene (3.82%)
respectively.
In deferent region of the world number of studies from C. Limon were reported;
Marie-Laure et al (2002) identified 55 compounds in lemon peel oil obtained by
gas chromatography (GC), GC/mass spectrometry (GC-MS) and °C NMR with
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accounted (96.1-99.9%) of the total amount of the oil. Peels oil consisted almost
exclusively of hydrocarbons, the olefin fraction being much higher than
oxygenated one (84.4-99.2 vs 0.4-13.3%). Limonene was always the main
constituent (38.1-95.8%) of all oils. B-Pinene (0.1-15.8%), y-terpinnene (trace-
18.0%) and Linalool/linalyl acetate (up to 23.3 and 31.2%, respectively) were
present in appreciable amounts. Among other monoterpenes, a-pinene,
sabinene, myrecene, B-phellandrene, p-cymene, neral, genial and neryl and
geranyl acetate ere present in almost all sample at appreciable levels.Afew
olefinic sesquiterpenes were also present in low amounts, namely, trans-a-
bergamotene. (E)-caryophyllene, germacrene D and -bisabolene.
L.Kamaliroosta ef a/ (2015) identified 55 compounds in lemon peel oil obtained
by Clevenger apparatus and characterization them by gas chromatography-mass
spectrometry. The results of this study were similar and in agreement to the
result obtained by other researchers.

Shalu et al (2015) studied the antimicrobial activity of citrus Limon (lemon)
peel oil on selected food borne pathogens, Nada and Zainab (2013) showed the
antimicrobial activity of different aqueous lemon extracts, Marti et al (2011)

studied antimicrobial activity of lemon (citrus lemon L.) peel extract.

2.17 Storage condition of peel oil

One of the most important reactions involved in chemical changes in citrus
peel oils is certainly the oxidation reaction, due to the high content of terpenes
(Usai et al., 1992). Usually, quality deterioration in oils may occur under
autoxidation, photo-oxidation, lipoxygenase-assisted oxidation, or thermal
oxidation, all of which should be controlled in order to protect the oils from
deterioration and off-flavor development (Shadi and Nahrung 2000). To
maintain the original quality of citrus oils, undue exposure to air and contact
with metals such as iron and copper, which act as pro-oxidants, should be
avoided during processing and subsequent storage (Swishre et al., 1977). In

some cases, citrus peel oils are stored refrigerated (0 — 5 °C) under an inert gas
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(Njoroge et al., 2003). Meanwhile, the addition of antioxidants may help retard
or control oxidation of citrus oils. Citrus peel oils are themselves very good
antioxidants capable of inhibiting free radical-mediated reactions (Choi et al.,
2000). As reported by Song et al. (Song ef al.,2001), abundant tocopherols were
found in citrus peel oils, yet there was little correlation between tocopherol
content and antioxidative activity in the oils, suggesting that the composition of
terpenes present might be a major determinant of the antioxidative status of
citrus peel oils. The compounds b-pinene, myrcene, a-terpinene, and g-terpinene
were identified to have higher or similar antioxidative activities compared with
that of d-tocopherol. Encapsulation is a technique frequently used in the storage
of citrus peel oils, which isolates the oils from the atmospheric oxygen,
moisture, temperature, and light, and hence minimizes the oxidation of oil and

reduces the release of volatile flavor compounds (Edris et al., 2001).

2.18 Applications of citrus peel oil

The applications of citrus oils are versatile and in many domains. As a
result of their freshness, lightness, and fine fruity aroma, citrus peel oils and
essences are widely used in the food and beverage industries as well as in some
nonfood applications (Swisher et al., 1977). The applications of cold-pressed
peel oils in food and beverage are mainly in the soft drinks, sherbet,
confectionery, bakery, and household extracts (Swisher et al., 1977). In
addition, they can act as reducing agents of peroxidase activity in leafy
vegetables and antioxidants for edible oils, such as olive oil, to improve their
sensory properties (Charai et al., 1999; Ponce et al.,2004). Moreover, they are
effective inhibitors for the formation of N-nitrosodimethylamine (NDMA), a
known carcinogen that may occur during production and storage of food
(Sawamura et al., 2002). Citrus peel oils are also added as flavoring agents to
pharmaceutical and drugs as well as herbal medicines in order to mask their

unpleasant tastes (Lota et al., 2002). Distilled peel oils, different from cold-
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pressed oils, have found their place in the perfumery and cosmetic industries as
well as in the manufacturing of soap and paper (Swisher et al., 1977).

Citrus peel oils may also be used for their antioxidative, antitumor, and
radicalscavenging activities. The radical-scavenging ability of citrus peel oil
may help prevent free radical-induced and various chronic diseases (Choi ef al.,
2000; Calabrese et al., 1999; Clabrese et al., 1999). Monoterpenes from volatile
components and polymethoxylated flavones from nonvolatile residues have
been reported to be effective inhibitors of tumor cell growth, implicating that
citrus peel oils may be good cancer preventive food additives (Chen et al.,
1997; Takahashi et al., 1999). Furthermore, citrus peel oils are useful to
alleviate pain from burnt skin (Brown et al., 1999). Demonstrating anxiolytic
and sedative effect, they could also be used in primary medical care against
insomnia, anxiety, and epilepsy (Carvalho-Freitas ef al., (2002). The insecticidal
property and antimicrobial activity of citrus peel oils have been reported. The
oil can repel moth, mosquito, cockroach, domestica, and housefly (Su et al.,
1972; Ezeonu et al., 2001). It also inhibits the growth of microbes such as fungi
and salmonellae, with monoterpenes being the major compounds that account
for pathogen fungi inhibition (Vargas et al., 2000; Coccioni et al., 1998;Parish
et al., 2003).
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CHAPTER THREE
3 MATERIALS AND METHODS

3.1 Materials
3.1.1 Plant Materials

Citrus Limon fruits were purchased from the local market, the fruits
collected in rainy season in August in the year 2016. The fruits were identified
by the botanist Babeker siddig, University of Medical Sciences and Technology,
where a voucher specimen No. (85439) was deposited.

3.1.2 Chemicals

Acetic acid, glacial acetic acid, carbon tetrachloride, diethyl ether and
hydrochloric acid were obtained from LOBA Chemi, India. Potassium
hydroxide, potassium iodide and sodium thiosulphate all (GPR) were obtained
from BDH, England. Ethanol, chloroform and sodium carbonate anhydrous all
(GPR) were obtained from Scharulu, Spania. lodine (GPR) was obtained from
Egyption Company for chemical, Egypt
3.1.3 Preparation of chemical reagents
i- Potassium hydroxide 0.1 N: prepared by dissolving KOH 5.61g in 1000 ml
distilled water.
i1- Potassium hydroxide 0.5 N: prepared by dissolving 14.02 g KOH in 500 ml
distilled water.
i11- Ethanolic potassium hydroxide 0.5 N: prepared by dissolving 7.01 g KOH in
250 ml 95% ethanol.
vi- Sodium thiosulphate 0.1 N: prepared by dissolving 7.9 g Na,S,0; in 1000 ml
distilled water.
v- Wijs Solution:
Wije solution was prepared by dissolving 12.6 g iodine in 100 ml acetic acid.

Dry chlorine was pass through it until the colour of iodine disappeared.

28



iv- Starch prepared by dissolving 2 g of starch powder in distilled water, few
drops of chloroform was added for protection.

itv-  Phenolphthalein indicator (0.1%) prepared by dissolving 1g of
phenolphthalein poder in 100 ml ethanol 95%.

3.2 Methods

3.2.1 Preparation of plant material

Lemon peels were obtained by riding the fruits of Limon were dried at
room temperature for 7 days after that it was cut into small pieces to enhance
the extraction.

3.2.2 Extraction procedure of essential oil

The dried fruit Peels (3000 g) of Citrus Limon were extracted by hydro
distillation using Clevenger apparatus. The peels are fully submerged in around-
bottomed flask, equipped with a condenser and boiled, using a heater, to
produce vapors which condensed yielding a two phase of oil and water, the
water returned to the round-bottomed flask and the oil was separated. Extraction
was carried out at the boiling temperature of the water about 4 hours. The
separated volatile oil was dried over anhydrous sodium sulphate, the volume
was measured, and the % yield was calculated. The volatile oil was kept in a

well closed vial at 5°C for further analysis.
3.3 Determination of Refractive index

The refractive index of the oil was determined using refractometer.

The sample chamber containing the lens was opened and cleaned with acetone

then plugged to source of light.

The equipment was calibrated with a drop of water, after which a drop of

the oil sample was added into the sample chamber and closed. The adjustment
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knob was turned crossed the cross bar then reading were taken. The reading was

taken at 40°C.

Temperature correction R= R'+ K (T’ - T)

Where:

R = the reading of the refractometer reduced to specified temperature, T °C
R' = the reading at T' °C

K = constant, 0-000 385 for oils

T' = the temperature at which the reading R' is taken;

T = the specified temperature (.generally 40'0°0).

3.4 Determination of the color

Color was measured with Lovibond Tintometer Type D, (The Tintometer

Ltd) Salisbury, England.

The glass cell was cleaned and allowed to dry. The dry cell was filled with
the oil sample, then the cell was placed in position in the tintometer. The color
was matched with sliding red and yellow colors. The color of the oil reported in

terms of lovibond unit as follows:

Colour reading in cell = (a Y + 5bR)

Where

a = the sum total of the various yellow (Y) slides used, and

b = the sum total of the various red (R) slides used.
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3.5 Determination of viscosity

Capillary Tube Viscometer Test Method

The method of determination viscosity (kinematic viscosity) utilized the

capillary tube viscometer.

The oil was placed into a glass capillary U-tube and the sample was drawn
through the tube using suction it reached the start position indicated on the tube
side. The suction was then released, allowing the sample to flow back through
the tube under gravity. The narrow capillary section of the tube controls the oils

flow rate.

Once the oil meniscus touched the highest line time was started and

continued until the o1l meniscus touched the lower line.

Time of distilled water was reported under the same condition

time of oil “

Viscosity =
y time of distilled water

3.6 Determination of density

The density of oil was determined using pycnometer and sensitive balance.
The pycnometer was cleaned with ethanol and dried in an oven. The dry
pycnometer was filled with water and water level was adjusted to proper point
on pycnometer; the pycnometer was wiped dry with towel and weighted. After
that the pycnometer was emptied and dried in an oven, and then the dry
pycnometer was filled with the oil sample in such amanner to prevent
entrapment of air bubbles. Carefully any oil has come out of the capillary was
wiped off, after that it was weighted. Both weights were carried out in the same

temperature.
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Mass

Density =

Volume

weight of water

Density of water =
Volume of wate

. . ight of oil .
Density of Oil = welgntoto x  density of water

weight of water

3.7 Determination of acid value

One gram of the oil was weighted accurately in 250 ml conical flask. 25 ml
diethyl ether was mixed with 25 ml 95% ethanol and 1 ml of phenolphthalein
solution (1.0% in 95% ethanol) the mixture was neutralized by titration with a
few drops of 0.1 N aqueous potassium hydroxide. This solution introduced in
to the flask which contained the sample and shaken well to dissolve the fatty
acid, which are present in the oil the mixture was cooled to room temperature
and titrated with 0.1 N aqueous potassium hydroxide. The flask was
continuously shaken during the titration until the pink color of the indicator

persist for 15 seconds. The above process was repeated three times.
RCOOH + KOH — RCOOK + H,0
5,61 gKOH=0.1 N

56.1 gKOH=1.0N

. Burette reading x factor of alkali x 5.61
Acid value = 8

Weight of the sampleing
3.8 Determination of saponification value

One gram of lemon peels oil was weighted accurately in small glass

sample tube. The tube and the sample were introduced in to 250 ml conical
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flask. 25 ml of ethanolic potassium hydroxide 0.5 N was pipetted into the flask.
A reflux condenser was fitted, and the flask was immersed in a boiled water--
bath for one hour. The water—bath was then removed and the condenser was
washed-- down with 5 ml 97% ethanol. 1 ml of phenolphthalein solution was
added to the flask. The condenser was removed, and a beaker placed over the
neck of the flask and cooled under a tap. When it was quite cool, the excess of
potassium hydroxide was titrated with 0.5 N hydrochloric acid until the pink
color of the phenolphthalein disappeared. A blank determination was carried out
simultaneously. The process was repeated three times.

(b—a)xfactor x28.05
sample weighting

The saponification value =

Where:
b = burette reading for blank
a = burette reading for the sample

The remain solution after the titration of the saponification value was
transferred and added 10ml of hydrochloric acid into separator funnel, washed
by hydrochloric acid and shaken. The solution extracted three time with 50 ml
quantities of diethyl ether. Each ether extract poured into weighed flask (W),
the solvent evaporated off, and the flask weight again (W5).

unsaponifiable matter = W, - W,
3.9 Determination of ester value

One gram of lemon peels oil sample weighted accurately in a glass sample
tube. The tube with the sample was transferred to 250 ml conical flask, and 5 ml
95% ethanol (previously boiled, coded and neutralized to phenolphthalein) was

added. The free acid in the solution were neutralized by titration with 0.1N
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ethanolic potassium hydroxide until just pink color of phenolphthalein appear.
To the solution, 20ml off ethanolic potassium hydroxide 0.5N was added, and
the flask was immersed in a boiling water—bath for an hour with refluxing. After
cooling, 20ml of water was added, and then solution was back titrated for the
excess alkali with 0.5N hydrochloric acid, added 0.2ml of phenolphthalein
solution further. A blank determination was carried out under the same
condition. The process was repeated three times.

m Xfactor of acid x28.05
w

Ester value =

Where:
W=weight of the sample in g

M=different in burette reading for sample and blank determination
3.10 Determination of iodine value

One gram of lemon peels oil was weighted accurately in 250 ml conical
flask. 20 ml carbon tetrachloride was added to the flask with the sample to
dissolve the oil. 25 ml Wijs solution was pipette and inserted into the flask
which contain the mixture of the sample and carbon tetrachloride. The flask
with content was stored in the dark for 30 minutes at a temperature bellow 20 C.
After 30 minutes 20 ml of aqueous potassium iodide (10%) was added to the
mixture in the flask. The mixture was titrated with 0.1 N sodium thiosulphate
with shaking vigorously during the titration until the yellow colour has almost
disappeared. 2ml of starch mucilage as indicator was added, and back titration
with sodium thiosulphate until the blue colour has just disappeared. Blank
determination wae carried out in the same conditions.

(B—S) X N x12.69
Sample weightin g

lodine value =
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Where:
B = burette reading for blank determination
S = burette reading for the sample

N = normality of the sodium thiosulphate
3.11 Gas chromatography-mass spectrometry of the citrus Limon

peels oil

GC-MS was carried out on sample of oil used GC.MS QP2010 Ultra
instrument, operating with following parameter:
Column: Rtx-5MS Diameter 0.25mm, Thickness 0.25p, length 30m, Carrier
gas: Helium, column oven temp: 50.0°C, injection temp: 300.00 °C, injection
mode: -split, flow control mode: pressure, pressure:100.0kpa, total flow:
50.0ml/min, column flow: 1.69ml/min.
Oven temperature program: from 50°C to 180°C; rate: 7 ¢/m and from 180C° to
300 C°by rate 10 ¢/m.
[GC Program]
Ion Source Temp: 200.00°C.
Interface Temp: 250.00°C.
[MS Table]
Start m/z: 40.00
End m/z: 500.00
Preparation of the sample: 10 of the essential oil was diluted by 1 ml of ethyl
alcohol.
Injected sample: (1 ul) of oil solution in ethyl alcohol was injected.
The compounds were identified by the GC-MS intensity of retention time (RT)
and by comparison with those present in NIST11S.LIB. The results were
expressed as the relative percentage of each individual compound present in

sample given by the corresponding RT.
3.12 Antimicrobial activity
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3.12.1 Preparation of crude

Series decreasing concentration of the crude (100, 50, 25, 12.5, 6.25
mg/ml) were employed.

3.12.2 Preparation of standard test organism

One ml aliquot of 24 hours broth culture of test organisms (Echerichia coli,
Staphylocous aureus, Bacillus subtile , Pseudomonas aeruginosa
,Candidealbacans) were aseptically distributed onto nutrient agar slopes and
incubated at 37°C for 24 hours. The organism growth was harvested and washed
off with sterile normal saline to produce a suspension containing about 10® — 10°
colony formimg units per ml. The suspension was stored in the refrigerator at 4
°C till used.

3.12.3 Testing for antimicrobial activity

To determine the activity of Citrus Limon peels oil against the five
standard organism; Echerichia coli, Staphylocous aureus, Bacillus subtile,
Pseudomonas aeruginosa, Candide albancans, the cup-plate agar diffusion
method was adopted with some minor modifications. (2ml) of standard bacteria
and funglal stock suspension were mixed with 200ml of sterile molten nutrient
agar which was maintained at 45°C.

(20 ml) Aliquots of incubated agar were distribution into sterile petri-
dishes. The agar was left to settle and each plate was cut using a sterile
corkborer (No.4) and agar disc removed. Alternated cups were filled with 0.1ml
sample of the crude extract using adjustable pipette, and allowed to diffuse at
room temperature. The plates were then incubated in the upright position at
37°C for 18 hours. These tests were carried out for each of the tested organisms.
After incubation, the diameter of the resultant growth inhibition zones were

measured, and averaged.
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CHAPTER FOUR
RESULTS AND DISCUSSITON

Extraction of essential oil

The essential oil of the peels of citrus Limon, a medicinal plant which is widely
used in the traditional medicine of the Sudan, was extracted by the method
described in section (2.2.2). The method used for extraction is hydrodistillation,
so the resulted oil is free of solvent residue and can be safely used in medicine
and as a food additive. The quantity of the plant used in this experiment is
3000g of the dry peels and 18 ml of the neat oil was obtained after drying on

anhydrous sodium sulphate. The yield % was calculated as follows:

18 X100
3000

Yield % = = 0.6%

The yield is 0.6% on volume to weighted basis.

The oil which was extracted from Citrus Limon peels was subjected to different

physical and chemical test in order to evaluate some of its properties.
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Physicochemical properties of citrus Limon peels oil

Table 4.1 Physicochemical properties of citrus Limon peels oil

Determination peel oil
Color Y=22+0.3
R=0.367+0.03
State Liquid
Density (30°C) (g/cm’) 0.918+0.001
Viscosity (mpa.s) 1.462+0.001
Refractive index 1.462+0.001
Acid value 2.244+0.1
(mg of KOH/goil)
Ester value 70.583+0.1
(mg/g)
Iodine value 97.583+0.1
(g of I/100g of oil)
Peroxide value 1.493+0.2
(mgO,/g oil)
Saponification value 86.25+0.2
(mg of KOH/g oil)
Unsaponifiable matter 0.673+0.2
Ratio value 31.627

Table 1-3, Shows the results of the physicochemical analysis of the oil of Citrus
Limon peel was visually pale yellow in colour, liquid at room temperature (30
°C) and has density of (0.918+0.001) g/cm’ which is higher than the value
(0.86) found by Yaseen (2015), the Refractive index (1.462+0.001) while
approximately similar than the value (1.48) found by Yaseen (2015) and
Viscosity (1.462+0.001) mpa.s.

The acid value of Citrus Limon peels oil is found to be about (2.244+0.1)
mgKOH/g which is higher than the value (1.79) reported by Yaseen (2015), in
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spite of that this value it is not high that mines the oil have low rancidity. Since
the acid value is used to determine the ability of any oil for resisting the
rancidity or not (Johnson and lusus, 1983) , all studies reported before showed
that, the acid value of any oil is proportional directly to the rancidity (increase
of acid value make the rancidity increase and vice versa). But on the other hand
(Backette and Stenlk 2002) reported that; some oils have high rancidity in spite
of its low grade of acid value.

The saponification value was used to measure both free and combined
acid as an indication of purity, and the low saponification value show that the
oils are adulterated with mineral oils. Whereas rancidity which leads to
formation of low molecular weight would be indicated by an abnormally high
saponification values (Watterson and Butler. 1983). Some of studies showed
that the relationship between saponification value and acid value of most edible
oils is that, the latter is small relative to the former. The saponification value of
Citrus Limon peels oil is (86.25). While higher than the value (13.5) found by
Yaseen (2015). The unsaponifiable matter equal (0.673) this value indicates to
same martial present in oil after saponification of oil me be hydrocarbons,
higher alcohols and sterols.

The iodine value was used to study the saturation and unsaturation of
compounds (Herout, 1971), which are present in the substance. The iodine value
Citrus Limon peels was determined and its value (97.583). This value when
compared with others results, especially with iodine value of not edible oil, this
value is an indication that Citrus Limon peels oil is edible oil.

GC-MS Analysis of citrus Limon peels oil

GC-MS s a technique widely used for analysis of the essential oils. In this
study the essential oil extracted from the dry peels of citrus Limon was analyzed
by shimadzu, QP2010 Gas Chromatography-Mass Spectrometer with an ultra-
detector under condition described in section 2.3. The resulted total ion

chromatogram was shown in figure (3.1) by this technique 53 compounds were
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identified. The identification of these compounds was obtained by comparing
the MS fragmentation pattern of these unknown compounds with those of
standard compounds from the library of the machine (see Appendix 2 and 3).
The identified compounds were shown in Table 3.2 with their retention time
(Rt) and % area calculated from the area under peak.

The total number of identified compounds is fifty three.

Lemon peel oil as well as most citrus fruits consists almost exclusively in the
form of monoterpenes, sesquiterpenes, and other aliphatic hydrocarbons.
Among these, monoterpenes were dominant. Limonene, a monoterpene often
used as a functional index of ripeness, was the major component (30.57%),
followed by b-pinene (18.96%), g-terpenene (8.09%), a-pinene (2.67%) and [-
Myrecene. The compounds a-Thujene, B-Cimene, B-Trans-Ocimene, Sabinene
and a-Fellandrene were present at lower levels. A few sesquiterpenes were also
found in very small amounts but made appreciable contributions to flavor and
odor; these included trans-a-bergamotene(2.83%), a-Caryophyllene (2.47%), a
and B Bisabolene and Farnesene also (E)-B-Famesene. Although terpene
hydrocarbons, especially monoterpenes, are the most abundant constituents of
citrus peels oil, they serve only as a flavor carrier and contribute little to flavor
on their own (Shen et al., 2002). These terpenoid hydrocarbons are usually
removed by deterpenation in order to increase the concentration of flavor and
fragrance compounds. Furthermore, unsaturated hydrocarbons (terpenes) are
unsatable to heat and light, and may oxidize rapidly to produce undesirable off-
flavor compounds that adversely affect the desirable aroma of products (Sato et
al., 1995). Therefore, concentrated and deterpenated oils have become popular
in the citrus oil market. Oxygenated compounds, mainly oxygenated terpenes,
rather than terpene hydrocarbons, have been found to be responsible for the
characteristic odor and flavor of citrus fruits, although they occur in relatively
small amounts. When the hydrocarbon fraction is removed from the oil, the

oxygenated fraction becomes more odorous due to a higher concentration (Tu et
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al., 2002). Oxygenated fraction includes many simple aliphatic aldehydes, such
as trans-citral(2.69%), beta-citral(1.69%), decanal(0.2%), and octenal(0.17%),
also we found trace of perilla aldehyde and 3-cyclohexene-1-
carboxaldehyde,2,4,6-trimethyl. Among alcohols, monoterpene alcohols such as
linalool (4.5%), followed by L-terpinen-4-ol (2.33%) and a—terpeneol(2.02%),
are most predominant.Lemonol and Nerol are also found in low levels. Among
these, linalool is regarded as the most odor-active compounds in such citrus.
Ketones, esters, oxides, and acids are less represented, but make appreciable
contributions to flavor.

While 12 compounds in lemon peel oil obtained by gas chromatography-mass
spectrometry identified by Yaseen (2015), also the major components were
found D-limonene (64%), 2-cyclohexen-1-ol (6.21%) and B-pinene (3.82%)

respectively.
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Table 4.2 Retention time (Rt) and % area of the compounds identified in the

essential oil of Citrus Limon peels. By GC-MS.

peak# R. Time Area Area% Name
I 47733 698270 0.36 Bicyclo[3.1.0Thex-2-ene, 2-methyl-5-(1-
methylethyl)-

2 4874 5118450 2.67 .alpha.Pinene

3 5.160 374795 0.20 Camphene

4 5.610 7232872 377 Bicyclo[3.T.1Thexane, 4-methtlene-1-(1-

methylethyl)-

5 5.696 36410528 18.96 Bicyclo[3.T.TTheptane, 6,6-dimethyl-2-
methylene-,(IS)-

6 5.899 2727693 1.42 .beta.-Myrcene

7 6.145 61513 0.03 Octanal

8 6.208 342359 0.18 .alpha.-Phellandrene

9 6.450 1604730 0.84 (+)-4-Carene

10 6.619 681311 0.35 P-Cymene

IT 6.721 58696682 30.57 D-Limonene

12 6.782 661087 0.34 Eucalyptol

13 6.838 402630 0.21 Trans-.beta.-Ocimene

14 7.058 1524303 0.79 I,3,6-Octatriene, 3,7-dimethyl-, (Z)-

I5 7.323 15531520 8.09 .gamma.-Terpinene

16 7.527 135790 0.07 Bicyclo[3.1.0Thexane-2-ol, 2-methyl-5-
(1-methyiethyl)-

,(1.alpha.,2.beta.,5.alpha.)-

17 7.952 1741454 0.91 4-Carene(+)-

I8 8.165 7772305 4.05 I,6-Octadien-3-01, 3,7-dimethy-I

19 9.222 128111 0.07 Bicyclo[2.2.TTheptan-2-one,1,7,7,-
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trimethyl-, (IS)

20 9.295 332436 0.17 6-Octenal, 3,7-dimethyl-,(R)-
21 9.538 217359 0.T1 3-Cyclohexene-I-carboxaldehyde, 2,4,6-
trimethyl-
22 9.675 269823 0.14 Endo-borneol
23 9.896 4463938 2.33 3-Cyclohexen-I-ol, 4-methyl-1-(1-
methylethyl)-, (R)-
24 10.176 3882250 2.02 .alpha.-Terpineol
25 10.319 174590 0.09 Estragole
26 10.394 415756 0.22 Decanal
27 10.911 511526 0.27 2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)-
28 IT.188 3708006 1.93 2,6-Octadienal, 3,7-dimethyl-, (Z)-
29 1T.440 1685735 0.88 Geraniol
30 I1.793 5158545 2.69 2,6-Octadienal, 3,7-dimethy-, (E)-
31 11.955 190404 0.10 [-Cyclohexene-I-carboxaldehyde, 4-(1-
methylethenyl)-
32 12.151 249732 0.13 Bornyl acetate
33 12.565 282228 0.15 2-Propenoic acid, 3-phenyl-, methyl ester
34 13.192 969514 0.50 Cyclohexene, 4-ethenyl-4-methyl-3-(1-
methylethyl)-, (3R-trans)-
33 13.631 647896 0.34 2,6-Octadien-I-ol, 3,7-dimethyl-, acetate,
2)-
36 14.006 1279823 0.67 Geranyl acetate
37 14.133 2530578 1.32 Cinnamaldehyde, (E)-
38 14.292 1010050 0.53 Cyclohexane, T-ethenyl-T-methyl-2,4-
bis(i-methylethenyl)-,[IS-
(1.alpha.,2.beta.,4.beta.)]-
39 14.481 1461346 .076 Methyleugenol
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40 14718 214881 0.1 Bicyclo[3.1.T]hept-2-ene, 2,6-dimethyl-

6-(4methyl-3-pentyl)-

41 14.896 47377996 2.47 Caryophyllene

42 15.106 5427423 2.83 Trans-.alpha.-Bergamotene
43 15.422 250678 0.13 .beta.-Famesene-(E)-

44 15.552 592177 0.31 Humulene

45 16.062 786099 0.41 Bicyclo[2.2.TTheptanes, 2-

cyclopropylidene-1,7,7-trimethyl-

46 16.331 46259 0.24 Cis-.alpha.-Bisabolene

47 16.386 1628324 0.85 .alpha.-Farnesene

48 16.458 3912194 2.04 .beta.-Bisabolene

49 16.653 732438 0.38 .gamma.-Muurolene

50 17.978 231117 0.12 Caryophyllene oxide

51 18.493 133834 0.07 Cubenol

52 18.918 1192294 0.62 .tau.-Cadinol

33 19.582 402236 0.21 Trans-Sesquisabinene hydrate
1919921358 100.00

Peak” No as shown in figure 3.1
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Figure 4.1 GC.MS total ion chromatogram of the essential oil of Citrus Limon
peel
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Antimicrobial activity

The crude product of Citrus Limon peels was tested for antimicrobial activity
against fore bacterial strains and one fungi by method described in section (2.5).
After the incubation the diameter of the resulted growth inhibition zones were
measured, averaged and the results were summarized in table (3.3).

Table 4.3 Antimicrobial activity of Citrus Limon peels oil

organisms Mean diameter Of Inhibitory Zone (mm)
Concentration
(mg/ml) E.coli P.s S.a B.s C.a
100 12 18 20 20 20
50 12 17 19 18 18
25 11 14 18 16 14
12.50 - 13 15 7 14
6.25 - 9 14 - -

E coli: Escherichia coli (gram -ve bacterial).

P s: Pseudomonas aeruginosa (gram —ve bacterial).

S a: Staphylococcus aureus (gram +ve bacterial).

B s: Bacillus subtilis (gram +ve bacterial).

C a: Candida albicans (fungus)

- = No inhibition zone * = Average of two replicates

- 9mm = inactive

9 — 12mm = partially active

13 — 18mm = active

19mm — very active

The oil of the peels of citrus Limon was subjected to antimicrobial activity. The
oil was effective against Pseudomonas aeruginosa, Staphyocous aureus,

Bacillus subtilis, Escherichia coli and Candida albiacans (see Appendix 4). In
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highest concentration it was particularly effective toward gram +ve bacterial
Staphylococcus aureus (inhabitation zone 20mm), Bacillus subtilis (inhibition
zone 20mm) and Candida albacans fungi (inhabitation zone 20mm). And it was
effective against Pseudomonas aeruginosa (inhibition zone 18mm), but it was
partially active against Escherichia coli (inhibition zone 12mm).

Lemon peel oil showed inhibition against all the test organisms (Gram positive,
Gram negative and fungus) at 100mg/ml, 50mg/ml and 25mg/ml with a
maximum zone of inhibition against Candida albicans and minimum zone of
inhibition against Escherichia coli. In 12.5mg/ml Escherichia coli don’t show
inhibiting zone, also at 6.25mg/ml beside two other organisms (Bacillus subtilis
and Candida albicans) don’t showed any inhibiting zone.

Lemon peel oil thus showed abroad activity against all the Gram positive,
Gram negative and fungi used in the present study

The inhibitory activity of the essential oil may be a cumulative effect of D-
limonene and some other unidentified components or flavonoids and phenolic
compound present. Unal et al. also demonstrated the antifungal and inhibitory
effect of D-limonene on a variety of yeast strains. For instance, flavonoids are
known as antimicrobial agents and some phenolic compounds have been shown
to inhibit the growth of Staphylococcus aureus (Cushnie and Lamb, 2005).

The reason for the different sensitivity of the Gram-negative bacteria compared
to that of Gram-positive bacteria could be due to differences in their cell wall
composition. Gram-positive bacteria contain an outer peptidoglycan layer,
which acts as a permeability barrier, whereas Gram-negative bacteria have an

outer phospholipid membrane (Samarakoon et al., 2012).
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Conclusion and recommendation

The following points can be concluded and/or recommended according to the

results of this work:

e The essential oil extracted from the dry peels of citrus Limon. Was pale
yellow in color and possesses the characteristic of the citral. The yield
0.6% (v/w) is low when compared with other essential oil of other citrus.

e Physical and chemical properties of the extracted oil of the peels of citrus
Limon prove the oil is edible for human consumption. Studies were
recommended to evaluate the properties of this oil.

e The qualitative and quantitative determination of major and minor
constituents of peel oil are done by GC-MS which are the techniques
widely applied for analysis of oil and fat. We are able to identify 53
compounds, the main components are monoterpenes.

o After performing the antimicrobial activity by using cup-plate agar
diffusion methods we found that Citrus Limon peel oil have activity
against gram +ve and gram —ve bacteria also fungi. And can be further

studied for developing herbal antibiotic.
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Suggestion for further work

¢ Other methods of extraction, which can be effectively applied on wide area
of industry.

L)

» Further research to evaluate effect of Citrus Limon treatments on the anti-

L)

oxidant principle of extracted oil is recommended to explore their potential
uses for pharmaceutical applications.

*» To encourage the research of other possible part of lemon that contains
appreciated percentage of oil, such as pulp, seed and juice.

¢ Isolation of nonvolatile residues in the oil.

% By- product at factory peel can be used as animal feed.
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APPENDICES
Appendix1

Lemon peels sample



Lemon peel oil



Appendix 2

Compounds mass spectral information

Compound Information

Entry:9791 Library:NIST11.LIB

Formula:C10H16 CAS:2867-05-2 MolWeight:136 Retindex:902 , .
CompName:Bicyclo[3.1.0Jhex-2-ene, 2-methyl-5-(1-methylethyl)- $$ 3-Thujene $$ .alpha.-Thujene $$ Origanene $$ 5-1sopropyl-2-methylbicyclo[3.1,0]hex

100+ - HRE G
7l
SO] |
60 i 1
F't | nl
20 7 ‘ll & 68 ‘ I ‘ 108 121 136
e — .41..,.[”.." s s oL ITIVUN U SUNU VD R B R e e UL L S
20 30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 26.00 0.53 15 53.00 5.74 29 75.00 0.52 43 103.00 044
2 27.00 12.94 16 54.00 0.28 30 76.00 021 44 104.00 0.45 2
3 28.00 1.61 17 55.00 247 31 77.00 46.15 45 105.00 4.13 I
4 29.00 4.39 18 57.00 0.18 32 78.00 548 46 106.00 1.06 / \
5 38.00 1.15 19 58.00 1.19 33 79.00 10.61 47 107,00 1.18 / b}
6 39.00 13.82 20 62.00 0.58 34 80.00 2.50 48 11500 0.37 s
) 40.00 201 21 63.00 1.70 35 81.00 1.02 49 117.00 0.44 b :
8 41.00 14.85 2 64.00 0.78 36 87.00 0.29 50 119.00 1.46 |
9 42.00 048 23 65.00 5.68 37 89.00 1.84 51 121.00 331 |
10 43.00 717 24 66,00 0.52 38 91.00 42.87 52 122.00 0.26
11 44,00 0.11 25 67.00 1.70 39 92,00 40.30 o 130.00 0.37
12 50,00 1.46 26 68.00 0.62 40 93.00 100.00 54 136.00 7.64
13 51.00 5.80 27 69.00 0.29 41 94.00 791 55 137.00 0.70
14 52,00 239 28 73.00 0.14 42 95.00 0.37
Compound Information

Entry:6669 Library:NIST11S.LIB
Formula:C10H16 CAS:80-56-8 MolWeight:136 RetIndex:948
CompName: alpha. -Pinene $$ Bicyclo[3.1.1 Jhept-2-ene, 2,6,6-trimethyl- $$ 2-Pinene $$ 2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene $$ Pinene, .alpha. $$ 2,6,6

100— — — -
sojJ _
60.‘ I

- a ”
3] i J I 5 67 I | 105 121 134
L‘W__r,...d.a.r-,,.;,.. ASuanaotcs IS ERSRRPE DY FESSS 1L | P [ EOT | A

v T B i
20 30 40 50 60 70 80 90 100 110 120 130

No. Mass R.Int No. Mass R.nt No. Mass R.Int No. Mass R.Int
1 26.00 0.78 19 55.00 6.64 37 77.00 28.50 55 104.00 0.69

27.00 13.09 20 56.00 0.60 38 78.00 4.79 56 10500 10.23

3 28.00 1.55 21 57.00 0.52 39 79.00 2n 57 106.00 296 J
4 29,00 7.03 22 58.00 0.82 40 80.00 9.86 58 107.00 575 e
3 30.00 027 23 59.00 0.40 41 81.00 385 59 108.00 1.50 -~
6 37.00 0.18 24 60.00 0.08 42 82.00 0.53 60 109.00 0.49 [ |
7 38.00 0.95 25 62.00 0.53 43 83.00 0.13 61 115.00 0.74 i } bl
8 39.00 18.97 26 63.00 2.06 44 87.00 0.06 62 116.00 0.21 7 T~
9 40.00 310 27 64.00 0.76 45 89.00 0.60 63 117.00 0.60 ¥

10 41.00 20,06 28 65.00 6.74 46 90.00 0.18 64 119.00 2.02

11 42.00 1.51 29 66.00 1.94 47 91.00 3234 65 120.00 0.51

12 43.00 1.59 30 67.00 844 48 92.00 3492 66 121.00 13.60

13 44.00 0.25 31 68.00 4.18 49 93.00 100.00 67 122,00 139

14 50.00 1.56 32 69,00 1.20 50 94.00 10.09 68  123.00 0.07

15 51.00 5.67 33 70.00 0.13 51 95.00 1.64 69 13500 0.19

16 52.00 2.86 34 74,00 033 52 96.00 0.11 70 136,00 7.20

17 53.00 9.61 35 75.00 0.36 53 102,00 031 7 137.00 0.87

18 54.00 132 36 76.00 0.28 54 103.00 1.81



Compound Information

Entry:9817 Library:NIST11,LIB

Formula:C10H16 CAS:79-92-5 MolWeight:136 RetIndex:943 _
CompName:Camphene $$ Bicyclo[2.2.1]heptane, 2,2-dimethyl-3-methylene- $5 2,2-Dimethyl-3-methylenebicyclo[2.2.1]heptane $3 2,2-Dimethyl-3-methyle
100

80
601 121
L % )
40: 3 39 67 - |
53 136 |
Ao | | i, i s
L R vty s fh« T 1 R S s SO R aaant
20 30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass Rint No. Mass R.Int No. Mass R.Int
1 26.00 235 12 51.00 10.52 23 69.00 5.58 34 94,00 18.82
2 27.00 19.71 13 52.00 4.58 24 70.00 1.58 35 95.00 14,65
3 28.00 240 14 53.00 15.47 25 77.00 28.07 36 103.00 1.36
4 29.00 6.86 15 54.00 2.76 26 78.00 6.67 37 105.00 8.04 '\J
5 39.00 33.50 16 55.00 8.71 27 79.00 3997 38 107.00 25.95 -‘-\"/ k g
6 40.00 7.89 17 62,00 1.55 28 80.00 8.90 39 108.00 7.89 {7 R
7 41.00 31.73 18 63.00 314 29 81.00 6.67 40  121.00 5830 7/
8 42.00 254 19 65.00 12.95 30 8200 2.76 41 12200 543
9 43.00 390 20 66.00 825 31 91.00 3734 42 136.00 1473
10 44.00 0.38 21 67.00 29.48 kY] 92.00 14.25 43 137.00 1.69
11 50.00 399 22 68,00 13.06 33 93,00 100.00 44 138.00 0.08

Compound Information

Entry:9781 Library:NIST11.LIB

Formula:C10H16 CAS:3387-41-5 MolWeight:136 RetIndex:897

CompName:Bicyclo[3.1.0]h 4-methylene-1-(1-methylethyl)- $$ 4(10)-Thujene $$ Sabinen $$ Sabi $8 (+)-Sabi $8 THUJENE, 4(10)- $$ 1-Is

100
8
60
4 41 7
27
2 | 43 69 136
1 I | |J l Lt P dra !J | ‘l J 105 ; l%l |
AR sk f T t 1 T T 1 T R e G i A ) T T T
20 30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 26.00 127 20 52.00 4.57 39 75.00 0.70 58 104.00 0.35
2 27.00 22.09 21 53.00 9.36 40 76.00 0.18 59 105.00 248 e
3 28.00 1.63 22 54.00 1.48 41 77.00 3549 60 106,00 0.48 T
4 29.00 8.58 23 55.00 5.49 42 78.00 6.05 61  107.00 2.26 i
5 30.00 0.10 24 56.00 0.52 43 79.00 25.35 62 108.00 0.90 o
6 32.00 0.14 25 57.00 0.50 44 80.00 10.12 63 115.00 0.38
7 37.00 0.58 26 58.00 0.43 45 81.00 225 64 116.00 020 L
8 38.00 1.98 27 59.00 0.15 46 82.00 0.65 65  117.00 0.25 it
9 39.00 2274 28 61.00 0.19 47 86.00 0.16 66 119.00 0.82 J‘
10 40.00 3719 29 62.00 1.12 48 87.00 0.24 67  120.00 025
11 41.00 37.67 30 63.00 3.12 49 89.00 1.49 68  121.00 6.39
12 42.00 1.97 31 64.00 0.94 50 90.00 0.87 69 12200 0.54
13 43.00 14.06 32 65.00 9.47 51 91.00 35.53 70 134.00 0.12
14 44.00 0.12 33 66.00 2.86 52 92.00 9.48 71 135.00 020
15 45.00 0.10 34 67.00, 548 53 93.00 100.00 72 136.00 10.10
16 47.00 0.12 35 68.00 1.47 54 94.00 1519 73 137.00 1.03
17 49.00 0.18 36 69.00 15.66 55 95.00 1.04
18 50.00 267 37 70.00 0.84 56  102.00 0.19
19 51.00 9.55 38 74.00 0.57 &P 103.00 0.87



Compound information
Entry 9776 "NISTILLIB
FormulaC10H16 CAS:18172-67-3 MolWeight:136 Retindex:943

CompName Bicyclo[3 1 1]heptane, 6,6-dimethyl-2-methylene-, (15)- $$ 2(10)-Pinene, (15.55)-(-)- $$ (-)- beta.-Pinene $5 (-)-2(10)-Pinene $$ L- beta.-Piner

100 -
80—
60—
#0: T 6]9
20-4 79
3 27 121 136
B Ty L R A S
10 20 30 40 50 60 70 80 90 100 110 120 130
No. Mass R.int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 15.00 0.50 19 54.00 1.09 37 75.00 0.20 55 103.00 0.50
p ! 26.00 0.50 20 55.00 5.99 38 76.00 0.10 56 104.00 0.20
3 27.00 9.19 21 56.00 0.50 39 77.00 15.89 57 105.00 239
4 28.00 0.50 22 57.00 0.30 40 78.00 2.89 58  106.00 0.60
5 29.00 4.59 23 58.00 0.30 41 79.00 19.09 59  107.00 459 i) o
6 30.00 0.10 24 59.00 0.10 42 80.00 10.79 60 108.00 1.69 7
y | 37.00 0.20 25 61.00 0.10 43 81.00 329 61 109.00 0.30 \‘\
8 38.00 0.80 26 62.00 0.40 44 82.00 1.69 62 115.00 030
9 39.00 12.39 27 63.00 1.19 45 83.00 0.20 63 116.00 0.10
10 40.00 219 28 64.00 0.40 46 89.00 0.40 64  117.00 0.20
11 41.00 41.79 29 65.00 4.09 47 90.00 0.20 65 119.00 2.09
12 42.00 1.89 30 66,00 1.49 48 91.00 14.99 66 120.00 0.30
13 43.00 4.79 31 67,00 9.09 49 92.00 9.19 67 121.00 11.69
14 44.00 0.20 i 68.00 3.59 50 93.00 100.00 68 122.00 1.19
15 50.00 1.09 33 69.00 3899 51 94.00 13.69 69 134,00 0.10
16 51.00 339 34 70.00 239 52 95.00 3.09 70 135.00 0.20
17 52.00 1.79 35 71.00 0.10 53 96.00 0.30 71 136.00 8.99
18 53.00 7.69 36 74.00 0.20 54 102.00 0.10 72 137.00 1.09
Compound Information

Entry:6636 Library:NIST115.LIB
Formula:C10H16 CAS:123-35-3 MolWeight:136 Retlndex:9358

CompName:.beta.-My $§ 1,6-Octadiene, 7-methyl-3-methylene- $8 Myrcene $$ 7-Methyl-3-methylene-1,6-octadiene $3 7-Methyl-3-methyleneoctadier
100 i e
8 69
60
4
27
: | i o s ol
s ‘\' "'i‘”!‘w"!‘ T t H T 'l\‘ |!" T =t T "‘i"""“l“"‘ |
20 30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 26.00 091 21 54.00 1.69 41 76.00 0.13 61 105.00 3258
2 27.00 20.89 22 55.00 6.46 42 77.00 15.40 62 106,00 0.82
3 28.00 2.30 23 56.00 0.55 43 78.00 2.73 63 107.00 6.43
4 29.00 791 24 57.00 0.14 44 79.00 19.41 64 108.00 1.74 i
5 30.00 0.14 25 58.00 031 45 80,00 10.55 65  109.00 0.35 _<\_
6 32.00 032 26 59.00 0.13 46 81.00 422 66 110,00 0.07 %
7 37.00 0.24 27 61.00 0.11 47 82.00 2.16 67 11500 0.34 -
8 38.00 1.17 28 62.00 0.39 48 83.00 0.24 68  116.00 0.09
9 39.00 22.96 29 63.00 1.44 49 84.00 0.07 69 117,00 037
10 40.00 472 30 64.00 033 50 89.00 0.44 70 119.00 127
11 41.00 90.62 31 65.00 538 51 90.00 0.20 71 120.00 0.29
12 42.00 4.64 32 66.00 240 52 91.00 1522 72 121.00 10.08
13 43.00 5.36 83 67.00 17.73 53 92.00 11.54 73 122,00 1.12
14 44.00 0.11 34 68,00 17.04 54 93.00 100.00 74 123.00 017
15 47.00 0.06 35 69.00 73.22 55 94,00 12,95 75 133.00 0.14
16 49.00 0.05 36 70.00 4.50 56 95.00 295 76 134,00 0.21
17 50.00 1.70 37 71.00 0.20 57 96.00 0.31 77 135.00 0.26
18 51.00 5.14 38 73.00 0.04 58  102.00 0,10 78  136.00 10.88
19 52.00 2,69 39 74.00 0.13 59 103.00 0.64 79  137.00 127
20 53.00 1372 40 75.00 0.31 60 104,00 0.23 80  138.00 0.16




Compound Information

Entry:5153 Library:NIST11S.LIB L S—
‘ormula: 3 Weight. ex: ’
Eownm&sﬁ:&a 8 n-Octaldehyde $$ n-Octanal $8 n-Octylal $8 Antifoam-LF $$ Caprylaldehyde $$ Caprylic aldehyde $$ (kllf!

lw"\ 41 4
80+ *
60 n B4
40+ : "
100
* o \[ HHH ‘I,LH l||| i I l : | ! 128
2 % 40 50 60 70 80 9% 100 m:! | 120
No. Mass Int
! Mass Rint No. Mass R.Int No. Mass Rnt
Nﬂ! 26.00 217 16 4600 034 1 67.00 2025 46 8.6].00 :, .33
2 100 49.17 17 5000 0.58 ;g ggg g:gi :; g] ﬁ i
3 28.00 38l 18 51.00 112 . X 95‘{)0 ,.35
37 19 5200 0.45 34 7000 2.1 49 i :
; §3‘$ sf:a 20 5300 485 35 7100 10.17 :(l] 3% gg: WSSO
] : 853 ; ;
6 3100 1.28 21 5400 737 36 7200
0.38 52 99.00 1.61
7 7.00 0.39 22 5500 53.96 37 73.00
8 ;a.nn 092 23 5600 66.14 gg ;;.gg g.;g :: :gnl).% lg,gg
39.00 3113 24 57.00 63.81 : ) ! ;
lg 40.00 433 25 5800 5.30 :? :{:.% 23.1? ;2 it‘)g.% 2.::
1 4100 8448 26 59.00 0.42 ; : ! 5
:2 4200 4444 27 62.00 0.12 42 8200 23.03 z; 1| ; ; % 8;3
13 4300 10000 28 6300 021 43 83.00 1.65 ; ;
14 4400 75.05 29 65.00 0.62 44 8400 5171
15 4500 19.44 30 66.00 262 45 85.00 1791
Compound Information

Entry:6660 Library:NIST11S LIB
Formula:C10H16 CAS:99-83-2 MolWeight:136 Retindex:969

CompName: alpha -Phellandrene $§ 1.3-Cyclohexadiene, 2-methyl-5-(1-methylethyl)- $$ .lpha.-Fellandrene $8 p-Mentha-1,5-diene $$ 5-
100— it

Isopropyl-2-methy

7
2 27 - ! > T 136
1.7 Ll .’lu - L | 1% i ’
T ¥ T L} T v 1 T 1 T T M) 1T T v | AT S T T ¥
10 20 30 40 50 60 70 80 90 100 110 120 130
No. Mass Rnt No. Mass R.Int No. Mass R.Int No. Mass R.nt
1 15.00 1.81 17 51.00 923 33 75.00 0.67 49 105.00 3.09
2 16.00 023 18 52.00 297 34 77.00 44.48 50 106.00 0.61 .
3 18.00 037 19 53.00 541 35 78.00 1.85 51 107.00 0.78 I
4 26.00 1.32 20 54.00 0.51 36 79.00 835 52 115.00 1.26 4
5 27.00 12.82 21 55.00 1.61 7 80.00 227 53 116.00 0.37 B
6 28.00 110 2 58.00 0.70 38 81.00 0.72 54 117.00 1.23 I
7 29.00 318 2 59.00 025 39 87.00 0.34 35 118.00 0.37 x
8 37.00 0.55 24 61.00 0.31 40 89.00 1.35 56 119.00 5.53
9 38.00 241 25 62.00 1.33 41 91.00 59.94 57 120.00 0.73
10 3%.00 16.91 26 63.00 4,00 42 92.00 3495 58 121.00 1.99
1 40.00 317 27 64,00 1.31 43 93.00 100.00 59 122.00 0.31
12 41.00 13.32 28 65.00 10.35 44 94.00 7.64 60 134.00 1.03
13 42.00 115 29 66,00 1.21 45 95,00 047 61 136.00 16.02
14 43.00 5.62 30 67.00 113 46 102.00 0.46 62 137.00 1.76
15 44,00 029 31 68.00 035 47 103.00 1.83
16 50.00 273 32 74.00 0.44 48  104.00 0.89



Compound Information

Entry:9827 Library:NIST11.LIB

Formula:C10H16 CAS:29050-33-7 MolWeight:136 Retindex:919
CompName:(+)-4-Carene $$ 4,7,7-Trimethylbicyclo[4.1.0]hept-2-ene # $3

1004‘ - B ! = 121 =
80
60H 136
40 7
2 A "'3 it ‘ ‘ 108
L T l‘tJ'iw Hl"Hw S RAREARSSSS Renasss ey T 'r'i!v‘ T ‘r'hw b SR Y
30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 36.00 0.63 20 56.00 0.36 39 78.00 4.47 58  106.00 4.73
2 37.00 0.18 21 57.00 0.67 40 79.00 34.29 59 107.00 12.77
3 38.00 1.22 22 58.00 1.82 41 80.00 7.71 60 108.00 4.44 ‘/,___.\
4 39.00 14.06 23 59.00 1.95 42 81.00 3.10 61 109.00 0.33 / \§
5 40.00 2.37 24 60.00 0.89 43 82,00 0.23 62 115.00 0.62 )
6 41.00 19.62 25 61.00 1.36 44 86.00 0.11 63 116,00 0.10 o
7 42.00 1.20 26 62.00 0.51 45 87.00 0.02 64 117.00 0.69 N /
8 43.00 18.52 27 63.00 1.49 46 88.00 0.08 65 118.00 0.02 ,\r\_
9 44.00 0.93 28 64.00 0.79 47 89.00 0.46 66 119.00 387 o
10 45.00 0.35 29 65.00 6.35 48 90.00 0.14 67  120.00 0.73
11 46.00 0.10 30 66.00 1.25 49 91.00 37.14 68  121.00 87.98
12 47.00 0.01 3 67.00 6.61 50 92.00 11.60 69  122.00 8.54
13 49.00 0.13 32 68.00 1.87 51 93.00 100.00 70 123.00 0.37
14 50.00 1.28 33 69.00 0.97 52 94.00 9.50 71 134.00 0.02
15 51.00 5.70 34 70.00 0.06 53 95.00 1.19 72 135.00 0.69
16 52.00 2,68 35 74.00 0.22 54  102.00 0.19 73 136.00 62.26
17 53.00 8.30 36 75.00 0.20 55 103.00 2.46 74 137.00 6.43
18 54.00 0.73 37 76.00 0.07 56  104.00 0.55 75 138.00 0.21
19 55.00 8.20 38 77.00 30.66 57 105.00 18.70

Compound Information

Entry:6204 Library:NIST11S.LIB

Formula:C10H14 CAS:99-87-6 MolWeight:134 RetIndex:1042 )

CompName:p-Cymene $$ Benzene, 1-methyl-4-(1-methylethyl)- $$ p-Cimene $$ p-Cymol $$ p-Isopropyltoluene $3 p-Methylisopropylbenzene $$ Camphoy

100 e
soj
60
91
4 134
20 - 7
39 .
ety ‘217 UNiiad o stl i ikl T -‘”u Ty 'II?J‘{ T !‘} |BaEs RRETHEIERT
10 20 30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 14.00 0.59 14 52.00 1.97 27 78.00 424 40 105.00 4.57
2 15.00 2,06 15 53.00 1.78 28 79.00 396 41 106.00 0.37
3 26.00 0.59 16 58.00 258 29 86.00 0.54 42 115.00 891
4 27.00 3.62 17 61.00 045 30 87.00 0.67 43 116.00 247 =
5 28.00 2.59 18 62.00 220 31 88.00 0.42 44 117.00 16.09 < > /
6 29.00 0.56 19 63.00 6.15 32 89.00 397 45 118.00 0.37 \ A \
7 32.00 0.65 20 64.00 203 33 90.00 042 46 119.00 100.00
8 38.00 1.17 21 65.00 10.45 34 91.00 34.76 47 120.00 9.25
9 39.00 9.22 22 66.00 137 35 92.00 337 48 121.00 0.45
10 40,00 1.23 23 74.00 1.16 36 93.00 316 49 128.00 0.38
11 41.00 6.37 24 75.00 1.36 37 102.00 2.07 50 134.00 23.85
12 50.00 292 25 76.00 1.41 38 103.00 552 51 135.00 262

13 51.00 6.79 26 77.00 11.37 39 104.00 3.83



Compound Information

Entry:6621 Library:NIST11S.LIB
Formula:C10H16 CAS:5989-27-5 MolWeight:136 Retindex:1018

CompName:D-Li $$ Cycloh , 1-methyl-4-(1-methylethenyl)-, (R)- $3 p-Mentha-1,8-diene, (R)-(+)- $$ (+)-(R)-Limonene $$ (+)-(4R)-Limonene
]00?--- & —_——
80 b
60|
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|| T w\“! st ““ i 4 preefeth ey ey Fre T T e e
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 40.00 6.33 24 66.00 379 47 90.00 0.23 70 116.00 0.37
2 41.00 19.01 25 67.00 74.68 48 91.00 2595 71 117.00 1.23 S
3 42.00 2.9 26 68.00 100.00 49 92.00 26.43 72 118.00 0.21
4 43.00 223 27 69.00 7.08 50 93.00 78.39 73 119.00 3.24 "
5 44.00 0.10 28 70.00 0.24 51 94.00 30.06 74 120.00 0.60 -~ \[
6 45.00 0.08 29 71.00 0.00 52 95.00 9.68 75 121.00 28.62 [ |
7 46.00 0.02 30 73.00 0.04 53 96.00 0.67 76 122.00 2.81 \\//"‘
8 49.00 0.07 31 74.00 0.43 54 97.00 0.03 77 123.00 0.15
9 50.00 2.24 32 75.00 0.42 55 98.00 0.05 78 126.00 0.02 i
10 51.00 7.41 33 76.00 0.36 56 99.00 0.02 79 127.00 0.06
1 52.00 3.76 34 77.00 22.89 57 10100 0.07 80  128.00 0.13
12 53.00 23.72 35 78.00 5.50 58 102.00 0.42 81 129.00 0.06
13 54.00 1.98 36 79.00 39.12 59 103.00 1.99 82 130.00 0.01
14 55.00 7.47 37 80.00 14.10 60  104.00 0.74 83 131.00 0.07
15 56.00 043 38 81.00 11.77 61  105.00 7.55 84 132.00 0.19
16 58.00 0.69 39 82.00 233 62 106.00 2.11 85  133.00 0.09
17 59.00 0.13 40 83.00 0.14 63 107.00 25.28 86 134.00 0.64
18 60.00 0.00 41 84.00 0.01 64 108.00 7.19 87  135.00 0.38
19 61.00 0.19 42 85.00 0,04 65 - 109.00 0.63 88  136.00 27.67
20 62.00 0.85 43 86.00 0.14 66  110.00 0.04 89  137.00 3.04
21 63.00 298 44 87.00 0.18 61 11300 0.02 90  138.00 0.18
22 64.00 0.75 45 88.00 0.05 68  114.00 0.02 91  139.00 0.00
23 65.00 9.23 46 89.00 0.88 69  115.00 1.55 92 207.00 0.00

Compound Information

Entry:9939 Library:NIST11S.LIB
Formula:C10H180 CAS:470-82-6 MolWeight:154 RetIndex:1059

CompName:Eucalyptol $$ Cineole $$ 2-Oxabicyclo[2.2.2]octane, 1,3,3-trimethyl- $$ p-Menthane, 1,8-epoxy- $$ p-Cineole $§ Cajeputol $$ Cucalyptol $5 1

100-—
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60 108
40 69 ", 35 154
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- 27 | ‘ { ‘ 125
o I‘ ‘[, e L H[ ; f"ﬁ%ﬂ-r”‘#ﬂlulm“r‘ .! e q oo o e ”11_,;?0 BN
20 30 40 50 60 70 80 90 100 110 120 130 140 150
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 26.00 0.37 32 62.00 0.19 63 94.00 3.88 94 125.00 721
2 27.00 8.11 33 63.00 0.55 64 95.00 16.88 95 126.00 885 |
3 29.00 9.59 34 64.00 0.21 65 96.00 31.14 96 127.00 0.92 [\
4 30.00 0.13 35 65.00 3.37 66 97.00 8.19 97  128.00 0.13 <R
5 31.00 1.32 36 66.00 244 67 98.00 218 98 129.00 0.04 0] }
6 33.00 0.03 37 67.00 20.57 68 99.00 0.96 99 130.00 013 L
7 34.00 0.03 38 68.00 28.44 69 100.00 0.08 100 131.00 0.12
8 35.00 0.03 39 69.00 41.55 70 101,00 0.09 101 132,00 0.10
9 36.00 0.03 40 70.00 3.18 71 102,00 0.14 102 133.00 0.09 [ e
10 37.00 027 41 71.00 51.73 72 103.00 0.14 103 134.00 0.02
11 38.00 0.26 42 72.00 340 73 104.00 0.04 104 135.00 0.05
12 39.00 13.68 43 73.00 0.36 74 105.00 0.63 105 136.00 6.06
13 41.00 2631 44 74.00 0.11 75 106.00 037 106 137.00 263
14 42.00 2.04 45 75.00 0.09 76 107.00 4.67 107 138.00 0.31
15 43.00 100.00 46 77.00 498 77 108.00 52.14 108 139.00 331
16 45,00 213 47 78.00 0.83 78 109.00 6.55 109 140,00 3.84
17 46.00 0.08 48 79.00 7.04 79 110.00 1.44 110 141.00 0.18
18 47.00 0.16 49 80.00 1.78 80 11100 40.49 111 142,00 0.07
19 48.00 0.06 50 81.00 6541 81 112.00 4,62 112 143.00 0.10
20 50.00 0.36 51 82.00 9.67 82  113.00 027 113 145,00 0.13
21 51.00 229 52 83.00 23.11 83  114.00 0.11 114 146.00 0.02
2 52.00 1.24 53 84.00 47.04 84  115.00 0.19 115 147.00 0.04
23 53.00 10.08 54 85.00 493 85  116.00 0.13 116 148.00 0.05
24 54.00 9.09 55 86.00 0.29 8  117.00 0.14 117 149.00 0.09
25 55.00 31.06 56 87.00 0.08 87  118.00 0.06 118 150.00 0.05
26 56.00 893 57 88.00 0.03 88  119.00 0.14 119 151.00 0.05
vh 57.00 213 58 89.00 0.04 89 120.00 027 120 152.00 0.09
28 58.00 16.96 59 90.00 0.09 90 121,00 6.39 121 153.00 0.13
29 59.00 15.49 60 91.00 3.65 91 122.00 0.60 122 154.00 42.13
30 60.00 0.63 61 92.00 1.29 92 123.00 0.42 123 155.00 524
31 61.00 0.09 62 93.00 29.50 93 124.00 0.08



Compound Information

Entry:6664 Library:NIST11S.LIB

Formula:C10H16 CAS:3779-61-1 MolWeight:136 RetIndex:976
CompNume trans- beta.-Ocimene $§ 1,3,6-Octatriene, 3,7- d:methyl- (E)-

$8 beta -trans-Ocimene $$ trans-3,7- Dimcthyl 13 6-0ctamene $$ Ocnmenc trans

s e
60
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41
3 i L it .ULH T i
b : | s ]
115 2% JsToﬁ 40 50 60 bt 1

70 80 90 100 110 120
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 15.00 0.20 18 54.00 1.80 35 76.00 0.30 52 106.00 4.10
2 26.00 0.40 19 55.00 11.30 36 77.00 32.10 53 107.00 5.20
3 27.00 8.00 20 56.00 0.90 37 78.00 5.10 54 108.00 0.70
4 28.00 1.00 21 57.00 0.40 38 79.00 37.00 55 109.00 0.30
5 29.00 6.30 22 58.00 0.50 39 80.00 15.80 56 115.00 090 _~ RS
6 37.00 0.20 23 59.00 0.10 40 81.00 5.70 57 116.00 0.20 A]/A/Y
T 38.00 1.10 24 61.00 0.20 41 82.00 0.60 58 117.00 0.70
8 39.00 19.10 25 62.00 0.80 42 89.00 0.50 59 118.00 0.20
9 40.00 3.30 26 63.00 2.70 43 91.00 44.90 60 119.00 3.10
10 41.00 26.40 27 64,00 0.60 44 92.00 39.50 61 120.00 0.70
11 42,00 1.70 28 65.00 8.30 45 93.00 100.00 62 121.00 10.20
12 43.00 10.70 29 66.00 220 46 94.00 9.50 63 122.00 110
13 44.00 0.40 30 67.00 11.00 47 95.00 1.00 64 135.00 0.10
14 50.00 2.50 31 68.00 320 48 102.00 0.30 65 136.00 1.30
15 51.00 7.80 32 69.00 1.70 49 103.00 2.90 66 137.00 0.10
16 52.00 3.70 33 74.00 0.40 50 104.00 0.80
17 53.00 17.10 34 75.00 0.30 51 105.00 15.90
Compound Information

16662 Library:NIST11S.LIB
}FzmullCIOHw CAS:3338-55-4 MolWeight:136 Retindex:976

- beta.-
B thyl-1,3,6-octatriene SS Ocmwne cis
$$ cis-. betn -Ocimene $$ cis-3,7-Dime
hyl-, (Z)- $$ hetuﬂs-Oc\mene
CnmpName 1,3,6-Octatriene, 3,7-dimet

ID(tr TR . e 1) —)
80-|
507 ] | |
i ~ | \ ‘ 105 Lﬁ_ﬂ_m_rﬁ i36 J
e T l L I«L..m,—#l*ﬁ "J* ""”"l e ‘r'”“]‘ "ﬁn B
Lovic —w'f%Lrﬁvﬁl”"f —y 80 90 u R.Int
0 i Mass .
i = : N., Mass R.Im Nn. Mass ‘;13'3 N5°s 103.00 3.50
No.  Mass  Rint 20 5300 2010 39 7600 ' 59 10400 0.90
1 15.00 020 21 54'00 220 40 77.00 36.10 ph 105.00 18.10
26.00 °-’g 2 5500 14.00 41 7800 s.sg 61 10600 00 e o,
3 27% ‘:-;0 73 5600 120 42 7900 432,;0 "o P
4 28 . ; 0.70 43 80.00 . 00 090 /
P Bm om B et geo b e e % w9 ?
{ : 59,00 0.10 43 ? ; 65 11500 1.00
'l 37.00 0.30 26 46 83.00 0.20
61.00 0.20 66 11600 0.20
8 3800 120 v 47 8500 0.30
62.00 0.90 67 117.00 0.70
9 39.00 21.80 28 48 86.00 0.10
63.00 3.10 0 68 118.00 0.10
10 40.00 380 29 0.80 49 8700 01 370
64.00 . 69 119.00 .
1 41,00 30.20 30 60 50  89.00 0.70
65.00 9. 70 12000 0.80
12 4200 2.00 31 51 91.00 49.10 i
66.00 2.70 71 12100 14.8
13 4300 13.50 32 0 52 9200 25.00 50
3 67.00 131 00 72 12200 1.
14 44.00 050 3 53 9300 100 20
68.00 3.60 73 135.00 0.
15 4500 0.20 34 54 9400 1070 .
69.00 2.40 74 136.00 4.8
16 49.00 0.10 35 3 55 95.00 1.30 0.60
36 70.00 0.30 020 75 137.00 :
17 5000 o 0.50 s6 96.00 : 0.30
18 s 20 M N o4 s 120 03 6 1
19 52,00 - :



Compound Information

Entry:9811 Library:NIST11.LIB
Formula:C10H16 CAS:99-85-4 MolWeight:136 Retindex:998

CompName: gamma.-Terpi §$ 1.4-Cyclohexadiene, 1-methyl-d-{ 1-methylethyl)- $§ .gamma.-Terpinen $$ p-Mentha-1,4-diene SS Crithmene $$ Moslenc
100— - —
|
80
5
Azj - m 136
* 108 { 1
2 1 . \‘\], kit 6.? .“{ o L : WP BR———— ‘ an
R S S T 6 70 80 % w0 10 Rllzo 130
R.Int No. Mass R.Int No. Mass Int
Nnl limdd %.11“(; Nloé :2..015 0.20 37 79.00 18.59 55 108.00 1.29
2 26.00 0.10 20 57.00 0.80 38 80.00 7.79 56 109.00 0.10 !
3 27.00 5.19 21 58.00 1.09 39 81.00 2.09 57 115.00 1.49 l\\\\
4 28.00 0.40 22 59.00 0.50 40 82.00 0.20 58 116.00 0.40 =
5 29.00 2.59 23 60.00 0.20 41 87.00 0.10 59 117.00 1.69 J
6 38.00 0.30 24 62.00 0.40 42 89.00 0.80 60 118.00 0.30 L
7 39.00 6.89 25 63.00 1.59 43 90,00 0.30 61 119.00 8.69 T
8 40.00 0.99 26 64.00 0.50 44 91,00 37.29 62 120.00 1.09 ]
9 41.00 9.99 27 65.00 519 45 92.00 2149 63 121.00 30.39 ~
10 42.00 0.50 28 66.00 0.80 46 93.00 100,00 64 122.00 299
11 43.00 17.59 29 67.00 2.59 47 94.00 9.59 65 123.00 0.10
12 44.00 0.60 30 68,00 0.90 48 95.00 0.70 66 133.00 0.10
13 50.00 0.90 31 69.00 0.50 49 102.00 0.40 67 134.00 1.89
14 51.00 4.09 32 74.00 0.20 50 103.00 2.19 68 135.00 D:g
15 52.00 1.69 kE] 75.00 0.30 51 104.00 0.90 69 136.00 33.[9
16 53.00 4.09 34 76.00 0.20 52 105,00 9.79 70 137.00 0,20
17 54.00 0.30 35 77.00 28.19 53 106.00 229 7 138.00 ;
18 55.00 2719 36 78.00 429 54 107.00 129
Compound Information

Entry:17480 Library:NIST11.LIB
Formula:C10H180 CAS:15537-55-0 MolWeight:154 Retindex:1041

(I.‘gempNune:Bicyclo[l 1.0]hexan-2-ol, 2-methyl-5-(1-methylethyl)-, (1.alpha.,2 beta.,5.alpha.)- $8 5-Isopropyl-2-methylbicyclo[3.1.0]hexan-2-o0l-,  l.alpha.,:
i o = e iisaigin s —_—
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20 40 50 60 100 110 120 130 140 150
No. Mass R.Int No. Mass Rimt No. Mass R.nt No. Mass R.Int
1 23.00 0.68 24 56.00 383 47 81.00 4678 70 108.00 2.13
2 26.00 1.01 25 57.00 4.10 48 82.00 4.96 71 109.00 1.19 HO
3 27.00 28.60 26 58.00 14.90 49 83.00 11.58 72 110.00 1.76
4 28,00 6.79 27 59.00 295 50 84.00 13.16 73 111.00 36.96 />’\
5 29,00 10.91 28 60.00 033 51 85.00 242 74 112.00 223 g
6 30.00 0.28 29 62.00 125 52 86.00 6.24 15 115.00 0.76 LN
7 31.00 2.34 30 63.00 2.18 53 87.00 0.21 76 117.00 031
8 36.00 0.38 3 64.00 0.87 54 89.00 1.15 ” 119.00 376 ,\--,\
9 37,00 0.29 32 65.00 735 55 90.00 0.44 78 12000 0.45 4
10 38.00 1.40 33 66.00 253 56 91.00 24.22 79 121.00 37.59
1 39.00 25.85 34 67.00 15.60 57 92.00 15.50 80 122,00 2.40
12 40,00 3.89 L 68.00 870 58 93.00 94,01 81  123.00 0.75
13 41,00 57.32 36 69.00 37.84 59 94.00 17.21 82 12500 258
14 42.00 379 37 70.00 3.55 60 95.00 9.04 83 126.00 1.25
15 43,00 100,00 38 71.00 79.83 61 96.00 8.63 84 13400 0.58
16 44.00 1.87 39 72.00 388 62 97.00 8.49 85 135.00 0.80
17 45.00 165 40 73.00 0.59 63 98.00 1.48 86  136.00 21.46
18 50.00 1.96 41 74.00 0.88 64 99.00 0.20 87  137.00 253
19 51.00 7.37 42 75.00 045 65 103.00 1.04 88  139.00 17.11
20 52.00 3.09 43 77.00 3336 66 104.00 0.32 89  140.00 1.44
21 53.00 1477 44 78.00 4.81 67  105.00 5.00 90  147.00 0.41
22 54.00 431 45 79.00 37.98 68 106.00 1.37 91 154.00 4.04

23 55.00 3545 46 80.00 892 69 107.00 9.07 92  155.00 0.21



Compound Information

Entry:9827 Library:NIST11.LIB
Formula:C10H16 CAS:29050-33-7 MolWeight:136 Retindex:919
CompName:(+)-4-Carene $8 4,7,7-Trimethylbicyclo[4. 1.0]hept-2-ene # $8

100 e — —
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2 il \ ‘ \ ‘ 108
T llH" b b *t‘!’ T Adans) T \l = T "r‘w b -t
30 40 50 60 70 80 90 100 110 120 130
No. Mass R.Int No. Mass R.Int No, Mass RImt No. Mass R.Int
1 36.00 0.63 20 56.00 0.36 39 78.00 447 58  106.00 4.73
2 37.00 0.18 21 57.00 067 40 79.00 3429 59  107.00 12.77 \
3 38.00 1.22 22 58.00 1.82 41 80.00 g feg| 60 108.00 4.44 \__,\
4 39.00 14.06 23 59.00 195 42 8100 3.10 61 109.00 033 / hY
5 40.00 237 24 60.00 0.89 43 82.00 023 62 115.00 0.62 3 :
6 41.00 19.62 25 61.00 1.36 44 86.00 0.11 63 116,00 0.10 N
7 4200 120 26 62.00 0.51 45 87.00 0.02 64 117.00 0.69 N &/
8 43.00 18.52 27 63.00 1.49 46 88.00 0.08 65 118.00 0.02
9 44.00 093 28 64.00 0.79 47 89.00 0.46 66 119.00 3.87
10 45.00 0.35 29 65.00 6.35 48 90.00 0.14 67 12000 073
11 46.00 0.10 30 66.00 1.25 49 91.00 37.14 68 121.00 87.98
12 47.00 0.01 31 67.00 6.61 50 92.00 11.60 69 122,00 8.54
13 49.00 013 32 68.00 1.87 51 93.00 100.00 70 123.00 037
14 50,00 1.28 33 69.00 0.97 52 94.00 9.50 71 134.00 0.02
15 51.00 570 34 70.00 0.06 53 95.00 1.19 72 135.00 0.69
16 52.00 268 35 74.00 0.22 54 102.00 0.19 73 136.00 62.26
17 53.00 8.30 36 75.00 0.20 55 103.00 246 74 137.00 6.43
18 54.00 0.73 37 76.00 0.07 56 104.00 0.55 75 138.00 021
19 55.00 8.20 38 77.00 30.66 57 105.00 18.70
Compound Information

Entry:17562 Library:NISTI1.LIB
Formula:C10H180 CAS:78-70-6 MolWeight:154 Retindex:1082
CompName:1,6-Octadien-3-ol, 3,7-dimethyl- $$ beta.-Linalool $$ Linalol $$ Linalool $8 Linalyl alcohol $8 2,6-Dimethyl-2,7-octadien-6-ol $$ allo-Ocimen
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10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 15.00 0.60 25 53.00 15.31 49 78.00 1.00 73 107.00 741
2 19.00 0.10 26 54.00 2,70 50 79.00 12.21 74 108.00 2.00 [L )
3 26.00 0.70 27 55.00 63.77 51 80.00 32.13 -] 109.00 6.81 4
4 2100 9.91 28 56.00 10.51 52 81.00 11.91 76 110.00 0.80 /on
] 28.00 1.60 29 57.00 4.50 53 82.00 591 m 111.00 3.60 \
6 29.00 6.31 30 58.00 2.70 54 83.00 17.712 78 112.00 0.30 )
7 30.00 020 31 59.00 4.10 55 84.00 4.90 79 115.00 0.10 <
8 31.00 1.20 32 60.00 0.20 56 85.00 1.60 80 117,00 0.10 >_
9 37.00 0.20 33 61.00 0.10 57 86.00 1.90 81 119.00 1.10
10 38.00 0.80 34 62.00 0.40 58 87.00 0.20 82 121.00 23.22
1 39.00 17.92 35 63.00 0.90 59 89.00 0.10 83 122.00 230
12 40.00 4.20 36 64.00 0.20 60 91.00 10.01 84 123.00 0.40
13 41.00 56.46 37 65.00 3.60 61 92.00 15.11 85 124.00 0.10
14 42.00 5.81 38 66,00 1.40 62 93.00 76.08 86 125.00 0.40
15 43.00 59.86 39 67.00 20.62 63 94.00 1021 87 126.00 0.10
16 44.00 1.90 40 68.00 1251 64 95.00 320 88  127.00 0.60
17 45.00 1.70 41 69.00 42.64 65 96.00 841 89 128.00 0.10
18 46.00 0.10 42 70.00 5.40 66 97.00 2.60 90 135.00 0.10
19 47.00 0.10 43 71.00 100.00 67 98,00 0.90 91 136.00 8.21
20 48.00 0.10 44 72,00 7.31 68 99.00 0.30 92 137.00 1.00
21 49.00 0.10 45 73.00 0.70 69  103.00 0.50 93 138.00 0.10
22 50.00 1.20 46 74.00 0.10 70 104.00 0.10 94 139.00 220
23 51.00 3.70 47 75.00 0.10 T 105.00 5.30 95 140.00 0.20

24 52.00 1.80 48 77.00 6.11 72 106.00 1.30 96  154.00 0.40



Compound Information

Eulry:lédﬂ Library:NIST11.LIB
ormula:C10HI160 CAS:464-48-2 MolWeight:152 Retindex:1121

CompName:Bicycl .
1W"P ey 0[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (]S)— $$ (-)-Alcanfor $5 (-)-Camphor $$ Camphor, (18,45 )-(-)- $§ L-camphor $$ Levo-(-)-camph
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No. Mass R.Int No. Ma
1 15.00 . S8 R.Int No. Mass R.Int No.
2 20 0% s o S 2 7000 3.63 5 B
3 2900 693 % 4.58 4 7700 1094 359600 937
4000 9% 15 e e X B 2m 3% 900 si3
s 4000 70 r M 269 % 7900 1091 37 10800 3589 5
6 4100 5135 17 6400 g-g: 27 8000 1606 38 10900 2873 w .l
7 4200 15 s e L 28 8100 7187 39 11000 1115 N0
8 4300 7.20 19 6600 4 29 8200 1371 0 11100 o L
9 50,00 269 20 i 313 30 83.00 32,02 41 123.00 " ‘25 N
10 5100 713 2 :;ﬁ f:i; ;; g?& 250 2 13700 5=
11 : t y . i
52.00 393 22 6900 4258 3 0300 B ;3 1: :gg z;.gg

Compound Information

Entry:17443 Library:NIST11.LIB

Formula:C10H180 CAS:2385-77-5 MolWeight:154 Retndex:1125

CompName:6-Octenal, 3,7-dimethyl-, (R)- $8 (R)-(+)-Citronellal $8 3,7-Dimethyl-6-octenal, (3R)- $8 (3R)-(+)-Citronellal $8 (R)-3,7-Dimethyloct-6-enal $4

100 ==
80-
60 i %
4
= T T VO O
- 139 154
_,,,,',‘,,,_T_,H_F,UI . ill SRS 1) R W 1L'] A [ [!l\ " 1 O b NN . - O
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
No. Mass R.Int No. Mass R.Int No. Mass R.mt No. Mass R.Int
1 15.00 1.21 21 51.00 253 41 77.00 298 61 107.00 213
2 18.00 0.06 22 52.00 111 42 78.00 047 62 108.00 0.67
3 26.00 0.82 23 53.00 11.97 43 79.00 6.19 63 109.00 13.54
4 27.00 19.78 24 54.00 2.72 44 80.00 239 64 110.00 10.98
5 28.00 3.28 25 55.00 45.62 45 81.00 13.74 65 111.00 18.95 J\ |
6 29.00 21.66 26 56.00 25.83 46 82.00 4.84 66 112.00 170 - NN
7 30.00 041 27 57.00 9.99 47 83.00 14.37 67 113.00 051
8 31.00 0.74 28 58.00 0.61 48 84.00 15.62 68 119.00 0.10
9 35.00 0.29 29 59.00 238 49 85.00 308 69 121.00 2291
10 36.00 1.38 30 62.00 0.1 50 86.00 037 70 122.00 1.88
11 37.00 0.28 31 63.00 0.67 51 91.00 2.30 71 123.00 2.78
12 38.00 1.45 32 65.00 338 52 92.00 0.73 72 124.00 0.05
13 39.00 24.37 33 66.00 1.02 53 93.00 9.68 7 125.00 051
14 40.00 4.53 34 67.00 2791 54 94.00 1.56 74 126.00 0.17
15 41.00 100.00 35 68.00 9.89 55 95.00 4937 75 136.00 6.19
16 42.00 911 36 69.00 92.50 56 96.00 5.15 76 137.00 0.64
17 43.00 19.58 31 70.00 12.81 57 97.00 10.15 77 139.00 6.87
18 44.00 1.91 38 71.00 1223 58 98.00 744 78 140,00 0.50
19 45.00 0.39 39 72.00 273 59 99.00 0.72 79 154.00 520
20 50.00 0.77 40 73.00 0.08 60 105.00 0.75 80 155.00 041



Compound Information

Entry:16340 Library:NIST11.LIB
Formula:C10H160 "CAS:1423-46

8
6f
4
20
No. Mass R.Int No.
1 1500 4.88 20
2 1800 147 21
3 2600 347 2
42700 3618 2
5 28.00 6.69 24
6 2900 369 25
7 30.00 127 2
8 3100 1.54 27
9 3200 021 28
10 3700 0.90 2
13900 6733 30
12 40.00 14.57 3
13 4100 88.76 12
M 42.00 714 33
15 4300 30.42 34
16 4400 1.05 35
17 4500 290 i
18 5000 5.60 37
19 51.00 16.38 18
Compound Information

Entry:10018 Library:NIST11S.LIB

Formula:C10H180 CAS:507-70-0 MolWeight:154 Ret
CompName:endo-Bomeol $§ endo-2-Hydroxy-1,7,7-trim

e
80-
60_
40
20
20
No. Mass R.Int No.
1 25.00 0.04 29
2 26.00 0.31 30
3 27.00 4.69 31
4 29.00 4.61 32
5 30.00 0.20 33
6 31.00 0.74 34
7 33.00 0.02 35
8 34.00 0.06 36
9 35.00 0.02 37
10 36.00 0.06 38
11 37.00 0.18 39
12 38.00 028 40
13 39.00 7.91 41
14 41.00 15.38 42
15 42.00 1.90 43
16 43.00 9.11 44
17 45.00 1.08 45
18 46.00 0.03 46
19 47.00 0.03 47
20 48.00 0.05 48
21 49.00 0.04 49
2 50.00 0.34 50
23 51.00 1.51 51
24 52.00 0.56 52
25 53.00 518 53
26 54.00 1.65 54
27 55.00 12.57 55
28 56.00 1.83 56

= 41 ——T e
. 7 |
.LJ 43 {
TR | |
10 20 30 40 50 GTO i =

Mass
52.00
53.00
54.00
55.00
56.00

57.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
74.00
75.00

Mass
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66,00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74,00
75.00
76.00
77.00
78,00
79.00
80.00
81.00
82.00
83.00
84.00

R.Int
7.01
27.59
6.80
29.76
239
8.03
0.87
231
5.95
2.67
21.90
883
100.00
10.83
59.76
414
266
115
0.91

Index:1138
ethylnorbomane $$ Bicyclo[2.2. 1]heptan-2-0l, 1,

R.Int
341
027

1.10

0.07

0.11

4.09
0.72
4917
1.98
522
4.57
4.65
4.57

-7 MolWeight:152 RetIndex:
iy ; Retindex:1163
T p! e: {j;clohem.:?e I-carboxaldehydi, 2,4,6-trimethyl- $§ 2,4,6-Trimethyl-3-cycloh

T

39
40
41
42
43
44
45
46
47
48
49
50
51
52

No.
57
58
59
60
61
62
63
64
65

67

ﬂj

Mass
77.00
78.00
79.00
80.00
81.00

82.00
83.00
84.00
89.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
103.00
105.00
106,00

Mass
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00
108.00
109.00
110.00
111.00
112.00

R.nt
3151
7.18
3220
7.28
75.44
3427
4.03
0.86
1.47
3883
5.83
24.28
7.56
35.89
4.49
1.81
282
14.46
491

4 EH] 1 4
i WL,_! il I P T TS———
s RS e AGaA LARAR AR
30 40 50 60 70 80 90

R.Int
1.06
027
0.04
0.04
0.14
0.09
2381
305
8383
1.96
100.00
851
2.10
1.00
1.34
0.16
0.04
007
024
0.09
1.99
0.47
1.76
3.05
3.13
16.54
393
038

o 107
% 100 110

No.
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

100
No.
85
86
87
88
89
90
91
92
93
94
95
96
97
98
9
100
101
102
103
104
105
106
107
108
109
110

121

|

Tk .LLﬂ o

120
Mass
107.00
108.00
109.00
110.00
111.00
115.00
117.00
119.00
121.00
122.00
123.00
124.00
134.00
135,00
137.00
138.00
152.00
153.00

137

130
Rint
4544
1116
3493
10.26
0.84
0.82
0.96
14.14
72.03
8.64
2338
273
823
1.14
12.86
1.45
17.53
1.88

110
Mass
113.00
114.00
115.00
116.00
117.00
118.00
119.00
120.00
121.00
122.00
123.00
12400
125.00
126.00
127.00
128.00
129.00
130.00
131.00
132.00
134.00
135.00
136.00
137.00
138.00
139.00

120
R.Int
0.62
0.13
0.06
0.05
0.10
0,02
024
003
562
0.69
0.77
0.06
024
0.06
0.05
0.02
0.07
0.02
0.01
0.02
0.01
0.06
445
0.61
0.11
6.06

yde $$ 2.4.6-Trimethyl-4 e

152

W

140

150

IJ\.J_)I

W W

7 7-trimethyl-, endo- $8 1,7,7-Trimethyl-bicyclo(’

)

121 ou
ﬁ-rr.—.ﬂ-.-.u‘wﬂ ,—.—.—-—-Ti—wﬁ—ﬁw-r—rrrrirrh

130

~

[’/ A :7

HO



Compound Information

Entry: 17568 Library:NIST11 LIB

Formula:C10H180 CAS:20126-76-5 MolWeight:154 Retlndex:1137

C&;nlenw 3- Cyc!ohexen-]-ol 4-methyl-1 A(I~m=1hyluhyl)- (R)- SS p—Mmﬂ: I-en-d-ul (R)—(-)- 55( )- Ta'plnen-4-ol $s (-)M-Tnpineol $8 L-terpinen-4-ol ¢

1 :]" e Rt ey
80
601 n
aaj T i I
|
20+ bl LLL 136 134
l] = -—vrmi—r—l—oi-rm HTMJJL, - .L—o-rl-al»-ihm "rﬁ'rv—v—rrrn—r—rfL—r TP T-v—m»‘—l-hll‘—"}ﬁ-.-,.,.. ,«rﬁL-—.-.
30 40 5 100 110 120 130 140 150
No. Mass R.Int 0. R. Im No. Mass R.Int No. Mass. R.Int
1 36.00 0.38 25 6] 00 0.08 49 87.00 1.95 73 113.00 0.21
37.00 0.01 26 62.00 0.16 50 88.00 0.06 74 115.00 017 \
3 38.00 0.36 27 63.00 0.50 51 89.00 0.15 75 117.00 032 HO —
4 39.00 6.96 28 64.00 020 5 91.00 8.21 76 119.00 184 \_/
5 40.00 1.92 29 65.00 259 53 92.00 7.25 77 120.00 0.15 i
6 4100 18.52 30 6600 0.87 54 9300 39.90 78 121.00 348 | [
1) 42.00 225 31 67.00 13.21 55 94.00 3.59 79 12200 033 =
8 43.00 45.04 32 68.00 12.65 56 95.00 5n 80  123.00 0.26 \}//
9 44.00 1.65 33 69.00 21.52 57 96.00 0.81 81 124.00 0.07 |
10 45.00 1.37 34 70.00 4.48 58 97.00 129 82 12500 263
11 46.00 0.14 35 71.00 100.00 59 98.00 187 83 126.00 0.35
12 47.00 0.05 36 72.00 4.70 60 99.00 0.37 84 134.00 048
13 49.00 0.02 37 73.00 038 61 100.00 0.02 85 135.00 0.13
14 50.00 048 38 75.00 0.01 62 102,00 0.06 86 136.00 13.29
15 51.00 1.98 39 77.00 7.53 63 103.00 0.27 87 137.00 1.90
16 52,00 0.80 40 78.00 L10 64 104.00 0.09 88 138.00 0.07
17 53.00 7.15 41 79.00 3.96 65 105.00 111 89 139.00 215
18 54.00 0.93 42 80.00 0.76 66 106,00 0.15 S50 140.00 017
19 55.00 2134 43 81.00 799 67  107.00 1.21 91 152.00 0.01
20 56.00 1.09 44 82.00 323 68 108.00 024 92 153.00 0.03
2] 57.00 217 45 83.00 9.08 69 109.00 0.91 93 154.00 15.39
22 58.00 2,90 46 84.00 2.09 70 110.00 4.75 94 155.00 L79
23 59.00 1.21 47 85.00 1.33 71 111.00 48.03 95 156.00 0.12
24 60.00 0.03 48 86.00 2338 72 11200 in
Compound Information

Entry:9958 Library:NIST11S.LIB
Formula:C10H180 CAS:98-55.5 MolWeight:154 Retindex:1143
CompName: aiphn-Tcrpmeol 53 3-Cy:|ohexme-l m::hnnol .alpha.,. alpha 4-mmclhyl- $8 p-Menth-1-en-8-ol $§ Terpineol schlechthin $$ Terpineol, .alpha,

T0——— — —_— ——
80
b "

121 136
4

2
w—’a’quﬁm SO ..L.MJWV.H# L_ﬂ./fb#w.,i,w FASSE I ST

20 30 40 100 110 120 130 140 150
No. Mass R.Int No, R Int No. Mass R.Int No. Mass R.int
1 26.00 031 21 5700 1.50 41 79.00 11.61 61 109.00 0.64
2 27.00 561 22 58.00 0.68 42 80.00 544 62 111.00 0.36 OH
3 28.00 1.07 3 59.00 100.00 43 81.00 3312 63 115.00 0.32 |
4 29.00 5.21 24 60.00 328 44 82.00 2.56 64 117.00 025 T
5 31.00 8.45 25 61.00 087 45 83.00 0.58 65 119.00 0.80
6 3800 039 26 62.00 045 46 84.00 042 66 12000 0.21 J
7 39.00 7.88 27 63.00 0.70 47 85.00 0.45 67 121,00 4878 [
8 4000 1.85 28 6500 295 48 8800 072 68 12200 4.56 R
9 41.00 15.52 29 66.00 1.23 49 91.00 7.52 69 123.00 0.50 |
10 42.00 1.67 30 67.00 16.63 50 92.00 16.52 70 13500 0.41
11 43.00 3147 31 68.00 1197 51 93.00 60.24 71 136.00 46.24
12 44.00 1.71 32 69.00 429 52 94.00 7.55 72 137.00 5.50
13 45.00 248 33 70.00 0.75 53 95.00 12,55 73 138.00 0.46
14 50.00 0.63 34 71.00 7.04 54 96.00 5.85 74 139.00 6.69
15 51.00 236 35 72.00 0.56 55 97.00 0.88 75 140.00 0.81
16 52,00 1.18 36 73.00 028 56 103.00 039 76 141.00 0.15
17 53.00 6.18 37 74.00 0.20 57 105.00 349 77 153.00 0.11
18 54.00 4.61 38 75.00 0.17 58 106.00 0.82 78 154.00 0.22
19 55.00 11.79 39 77.00 7.48 59 107.00 6.23

20 56.00 092 40 78.00 1.28 60 108.00 335



Compound Information
EE_Zntryl:l}:GCH Library:NIST11.LIB
ormula:C10HI120 CAS:140-67-0 MolWeight: 148 Retl;
— W y ndex:_l]'l!
¢ :;np ame:Estragole $$ Tarragon $$ Anisole, p-allyl- $$ Chavicol, O-methyl- $§ p-

Allylanisole $$ p-Methoxyallylbenzene §§ Chavicol methyl ether $$ Esc

W
148
“ Fl
: s . 121
51 108
27 . - 133
e Lo TS SR | ,»mlJ-LHWJq ' »hl‘ | lj- .-LL |
i3 S o s 5‘(] T e NMRAA Rino pasanean o Hrr I Raaas e s TR — :1.,
& o X 60 70 80 % 0 10 120 1o | 1o
: g llss 1:2 sh;ll;;. R.nt No. Mass R.Int No. Mass R.Int
1w 1ss e ss00 7.68 3 8600 1.13 4611600 1342
2 180 492 7 6w 1.63 2 8700 127 47 11700 4189
3 #w 1t L 587 33 8800 092 48 11800 579 J
¢ um 5% e 17.05 M 8900 871 49 11900 399 F
! 2w 050 X 600 5.58 35 9000 37 50 12000 304 )
5 - 2 15 2 &0 s 36 9100 3048 5112100 4327 a
; 10w z o 187 37 9200 454 2 12200 371 K J
3 »w 110 2 B 0.83 8 9300 189 53 13100 565 Y
S s 144 A e 4.5 39 10200 521 s 13200 arm o
0 dm e 5 m 3.99 40 10300 1927 5513300 2508
nose e 6.00 573 41 10400 681 56 134.00 243
2 se 143 g; 7700 4387 4210500 3000 $7 145.00 083
14 5100 6.19 2 ;g;; Py :gg‘gg ot 2 0 sw
15 5400 0.90 30 80.00 156 5 NS00 2743 & ::g‘gg [?g'?g
Compound Information

Entry:10329 Library:NIST11S.LIB
Formula:C10H200 CAS:112-31-2 MolWeight:156 Retindex:1204

CompName:Decanal $$ n-Decaldehyde $$ n-Decanal $8 n-Decy! aldehyde $§ Aldehyde C10 $3 Capraldehyde $8 Capric aldehyde $3 Caprinaldehyde $$ Ca

100-— 3 ——— =
4
80 _}‘ 70
. 12
4 93
2 1[!' 1o
l ‘ | | | | ‘ I I'."u
qrererrbb s e e T aanss phb b ey e I T T '
20 30 40 50 60 70 80 90 100 1o 120 130 140
No. Mass R.Int No. Mass Rint No. Mass R.Int No. Mass R.Imt
1 26.00 1.40 19 52.00 0.50 kY 77.00 0.60 55 99.00 5.40
2 27.00 23.62 20 53.00 7.01 38 78.00 0.10 56 100,00 1.30
3 28.00 16.92 21 54.00 19.12 39 79.00 310 57 107.00 0.10
4 29.00 4244 22 55.00 79.48 40 80.00 1.70 58 108.00 020
5 3000 1.00 23 5600 52.16 41 8100 41.94 59 109.00 T
6 31.00 1.20 24 57.00 100.00 42 82.00 57.86 60 110.00 24.82
7 37.00 0.10 25 58.00 8.01 43 83.00 4814 6l 111.00 2.30
8 38.00 0.50 26 59.00 0.80 44 84.00 2172 62 112.00 45.64
9 39.00 2022 T 61,00 0.20 45 85.00 7.71 63 113.00 2.50
10 40.00 370 28 65.00 1.20 46 86.00 2.20 64 114.00 0.20
11 41.00 8349 29 66.00 5.61 47 87.00 0.10 65  123.00 1.20
12 42.00 30.63 30 67.00 41.14 48 91.00 020 66 127.00 0.50
13 43.00 95.30 3l 68.00 53.36 49 93.00 0.80 67 128.00 841
14 44.00 57.36 32 69.00 45.34 50 94,00 1.20 68  129.00 0.60
15 45.00 18.52 33 70.00 70.67 51 95,00 38.03 69 138,00 320
16 46.00 0.40 34 71.00 56.56 52 96.00 27.62 70 139.00 0.20
17 50.00 0.20 35 72.00 11.01 53 97.00 9.81 n 155.00 0.10

18 51.00 0.90 36 73.00 1.10 54 98.00 0.90 72 156.00 0.

10



Compound Information

Entry:17537 Library:NIST11.LIB
Formula:C10HIBO CAS:106-25-2 MolWeight:154 Retindex:1228
CompName:2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)- $8 cis-Geraniol $§ cis-3,7-Dimethyl-2,6-octadien-1-ol $3 Nerol $8 Neryl alcohol $8 2-cis-3,7-Dimethyl-2
100 -
(]

al |

2]
53 i1 80 121

SHNSSITNECS ./ BN | IR0 o o, . [ ,..!.||, 1HI‘,. DN TR . JONR. . SO

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
No. Mass R.Int No. Mass R.Int No. Mass R.nt No. Mass R.nt

1 15.00 020 25 57.00 3.70 49 82.00 1.60 73 11000 1.90

2 19.00 0.10 26 58.00 0.30 50 83.00 11.01 74 111.00 731

3 26.00 0.30 27 59.00 1.90 51 84.00 18.42 75 112,00 1.90

4 27.00 5.50 28 60.00 0.10 52 85.00 2.90 76 113.00 0.10

s 28.00 0.90 29 61.00 0.10 53 86.00 0.40 77 11500 020 J/J\, ».;J ~

6 29.00 6.81 30 62.00 0.30 54 87.00 0.10 78 117.00 010

7 30.00 0.20 31 63.00 0.90 55 89.00 0.10 79 119.00 060 ™

8 31.00 1.90 32 64.00 0.20 56 91.00 6.01 80  120.00 0.20

9 37.00 0.10 33 65.00 340 57 92.00 571 81 121.00 1071

10 38.00 0.60 34 66.00 1.30 58 93.00 2893 82 12200 120

11 39.00 16.21 35 67.00 18.52 59 94.00 4.30 83  123.00 821

12 40.00 3.40 36 68.00 21.12 60 95.00 3.40 84  124.00 0.80

13 41.00 66.07 37 69.00 100.00 61 96.00 240 85  125.00 020

14 42.00 4.40 38 70.00 8.71 62 97.00 6.31 8  126.00 020

15 43.00 8.01 39 71.00 8.21 63 98.00 260 87  135.00 0.10

16 44.00 0.90 40 72.00 1.40 64 99.00 0.30 88  136.00 320

17 45.00 0.60 41 73.00 0.10 65  102.00 0.10 89  137.00 0.50

18 50.00 110 42 74.00 0.10 66  103.00 040 90  139.00 4.70

19 51.00 3.50 43 75.00 0.10 67 104.00 0.10 91 140.00 0.50

20 52.00 1.70 44 77.00 5.10 68 105.00 240 92 153.00 0.10

21 53.00 13.61 45 78.00 1.00 69 106.00 0.50 93 154.00 1.60

22 54.00 2.00 46 79.00 6.61 70 107.00 370 94 155.00 020

23 55.00 11.61 47 80.00 12.01 71 108.00 0.90

24 56.00 3.60 48 81.00 6.61 72 109.00 1.50

Compound Information

Il;:nuy:?d?:ﬁ Library:NIST11S.LIB

omula:C10H160 CAS:106-26-3 MolWeight:152 Retindex:1174

CompName:2,6-Octadienal, 3 7-dimethyl- itral $§ cis-Ci i i

CompName:2. ienal, 3,7-dimethyl-, (Z)- $$ beta.-Citral $§  cis-Citral $$ cis-3,7-Dimethyl-2 G-octadienal $S beta-Citral $$ Neral $8 Z-Citral $8 (2).3,

80- ¢
60 | I
40
2 ,,,L
. | TR N T
T 4
w ;[-J.—,—.— T.-n-rr ISIa ;-J wf.—p [ rm-.TL IEOWM frerrrrerh mﬁ+r1l J’:’--,-n rrrv—rvTTIPg'!T‘Q‘y—r-—r’-
110 120 130 |
Nol. ll\slzsg F;;ns No. Mm R.[al No. Ml.ss R.Im No. Mass R lmmo o
2 %0 0 2 sm e 5 W0 sw T ome  aw
PoEn ew % 5100 10 i 16.70 74 11000 370
g i . 51 82.00 16.20
4 2800 0.70 2 5000 16 % e 020
: ; 20 2 8300 1680 1
5 2900 9.90 29 6000 0.70 | : Alew S1
S ! ! 53 84.00 22.00 77
2 A 116, - - -
6 ;tll.gg ggg gc!) 2; .33 g.gg 54 8500 1.40 L v bl Y
L 3 £ 2 55 86.00 0.10 7 ¢
8 3700 0.40 32 6300 1.70 ’ ¢ T e
. ] : 56 89.00 030 80
9 3800 170 3 6400 0.30 : 12000 s
; ; s 9000 0.10 81
10 3900 3090 34 6500 510 ; Fop 230
v ) : 58 9100 8.00 82 12
BOOm e % e an o 2% 1% B omm 0w
12 ) / ; | 420 84 12300
D00 ok M aw AR 8 M® ®w  m oaw  w
i a0 040 B o0 300 : 18.40 8 12500 0.10
H i 2 63 96.00 5.10 87
16 4500 0.60 0 7100 1.40 13400 340
: ; 64 97.00 2,00 88
17 4600 0.10 a0 1.10 ' s i
; ! i 65 9800 020 89 13
18 900 010 “ ;i'% 010 8 10200 0.10 % 1365:33 g’:g
) ! ; : 103.00 0.70 9 13 :
00 5100 6.50 4 7500 020 o o
; ; . 68 104.00 0.30 9
2 5200 280 45 76.00 0.10 : 1190 610
; i i 6 10500 2.60 93 15
gi ;igg uss.gg :g ;Zﬁ ﬁg ;0 106.00 0.70 94 ls;.'gg 3}:3
G : ! ; 1 107.00 §
24 5500 1350 48 7900 8.10 72 10800 ;,;g = s —



Compound Information

Entry:17535 Library:NIST11.LIB
Formula:C10H180 CAS:106-24-1 MolWeight:154 Retindex:1228
CompName:Geraniol $$ 2 ,6-Octadien-1-0l, 3 7-dnm1hyl- (E)- $8 trans-Geraniol $3 Guaniol $$ Lemonol $$ Imns-] 7- D:mdhyl 2 6-octadien-1-0l $$ Gerani

w R g
.
4

20 n
et s D P .
BSAAasasss SRS i IS LTWW .nmmfﬂ .lﬁ,.wyﬂ,l,,, AL Mttt e R R .
70 90
0,

10 20 30 100 110 120 130 140 150
No, Mass Rt No, Mm R.Int No. Mass R.Int No. Mass R.Int
1 15.00 0.20 24 56.00 210 47 80.00 5.81 70 109.00 1.10
2 19.00 0.10 25 57.00 470 48 81.00 621 7l 110.00 1.60
3 26.00 0.20 26 58.00 0.30 49 82.00 1.20 72 111.00 7.81
4 27,00 5,00 27 59.00 270 50 83.00 5.00 73 112,00 1.50
k] 28.00 0.70 28 60.00 0.10 51 84.00 9.01 74 113.00 010 o
6 29.00 6.61 29 61.00 0.10 52 85.00 240 75 115.00 0.10 f’ F‘
1) 30.00 0.20 30 62.00 0.30 53 86.00 0.40 76 117.00 0.10
8 31.00 1.80 31 63.00 0.80 54 89.00 0.10 77 119.00 0.30
9 37.00 0.10 32 64.00 0.20 55 91.00 3.50 78 120,00 0.20
10 38.00 0.60 33 65.00 3.00 56 92.00 330 79 121.00 7.01
11 39.00 13.91 34 66,00 110 57 93.00 14.31 80 122.00 0.80
12 40.00 2.90 35 67.00 15.61 58 94.00 260 81 123.00 13.81
13 41.00 60.06 36 68.00 21.42 59 95.00 270 82 124.00 1.40
14 42.00 3.80 37 69.00 100.00 60 96.00 320 83 125.00 020
15 43,00 6.01 38 70.00 861 61 97.00 220 84 126.00 0.10
16 44.00 0.70 39 71.00 7.01 62 98.00 1.50 85 135.00 0.10
17 45.00 0.50 40 72.00 1.00 63 99.00 0.20 86 136.00 2.80
18 50,00 1.00 4] 74.00 0.10 64 103.00 0.30 87 137.00 0.40
19 51.00 3.00 42 75.00 0.10 65 104.00 0.10 88 139.00 310
20 52.00 1.40 43 76.00 0.10 66 105.00 1.10 89 140.00 0.30
21 53.00 11.21 44 71.00 3.60 67 106.00 0.30 90 154.00 1.20
22 54.00 1.60 45 78.00 0.70 68 107.00 240 91 155.00 0.10
23 55.00 9.61 46 79.00 4.00 69 108.00 0.80

Compound Information

Entry:9502 Library:NIST11S.LIB
Formula:C10H160 CAS:141-27-5 MolWeight:152 RetIndex:1174

p 2,6-Octadienal, 3,7-dimethyl-, (E)- $$ .alpha.-Citral $3 (E)-Citral $$ trans-Citral $§ mns-] 7-Dm1ethyl -2,6-octadienal SS Citral a $$ Geranaldet
100
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60~| 1
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bbb phetHrrbpred | bt *"*'r'-"""‘"JT**“T“HT”L**"*T""'-'LﬁT"'*WT*“ﬁT"“T
10 20 30 40 50 60 70 80 90 100 1o 120 130 140 150

No, Mass R.Int No. Mass R.nt No. Mass R.nt No. Mass R.int
1 15.00 0.20 25 57.00 0.80 49 82.00 4.90 T3 111.00 0.20
2 26.00 0.40 26 58.00 0.10 50 83.00 11.00 74 115.00 0.20
3 27.00 8.60 27 59.00 430 51 84.00 25.40 75 116.00 0.10
1 28.00 0.50 28 60.00 0.20 52 85.00 1.50 76 117.00 0.20
5 29.00 7.80 29 61.00 020 53 86.00 0.10 77 118.00 010 o A Ay
6 30.00 0.20 30 62.00 0.50 54 89.00 0.20 78 119.00 2,60
7 3lL.o0 0.20 31 63.00 1.20 55 90.00 0.10 79 120,00 0.30
8 37.00 0.30 32 64.00 0.30 56 91.00 37 80 121.00 0.90
9 38.00 1.20 33 65.00 3.50 57 92.00 0.90 81 122.00 0.20

10 39.00 23.60 34 66,00 1.20 58 93.00 L70 82 123.00 7.90
11 40.00 3.80 35 67.00 10.40 59 94.00 15.70 83 124.00 1.30
12 41.00 86.50 36 68.00 2.50 60 95.00 5.10 84 125.00 0.10
13 42,00 430 k14 69.00 100.00 61 96.00 1.30 85 133.00 0.10
14 43.00 5.00 38 70.00 6.50 62 97.00 0.50 86  134.00 1.20
15 44,00 0.40 39 71.00 0.40 63 98.00 0.10 87 135.00 020
16 45.00 0.20 40 72.00 0.30 64 102.00 0.10 88 136.00 0.10
17 49.00 0.10 41 74.00 0.20 65 103.00 0.40 89 137.00 830
18 50,00 1.80 42 75.00 0.10 66 104.00 0.10 90 138.00 0.80
19 51.00 4.70 43 76.00 0.10 67 105.00 1.00 91 151.00 0.10
20 52.00 2.00 44 77.00 3.80 68 106.00 0.30 L] 152.00 390
21 53.00 14.20 45 78.00 0.90 69 107.00 1.30 2 153.00 0.50
2 54.00 330 46 79.00 4.40 70 108.00 1.40

23 55.00 7.90 47 80.00 1.90 71 109.00 9.60

24 56.00 4.50 48 81.00 7.30 72 110.00 2.00



Compound Information
Entry:15335 Library:NIST11.LIB
Formula:C10H140 CASIII]-’:‘S 3 MolWﬂﬂn lSO Retlndex:1207

?00—?“ :1-Cycloh 1 hylethenyl)- $8 1-C 1-carb dehyde, 4-isopropenyl- $§ Perilla aldehyd $$ Perillal $5 |
fai R AR, RSN S oS S ol = i ST = \
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)f 53
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I .ﬁ.l,,w A

w7

10 90 100 110 120 130 140 150
No. Mm lUni No. Mns: R. lnl No. Mass R.nt No. Mass R.Int
1 14.00 0.50 2 54.00 6.11 45 78.00 1071 67 110.00 0.70
& 15.00 1.10 24 55.00 15.31 46 79.00 60.06 68 115.00 3.00 ¥ o
3 16.00 0.50 25 56.00 1.50 47 80.00 13.71 69 116.00 0.70 1
4 18.00 1.90 26 57.00 1.30 48 81.00 17.22 70 117.00 9.21 .
5 26.00 1.60 27 58.00 1.50 49 82.00 4.40 71 118.00 1.30 r
6 27.00 3113 28 59.00 1.90 50 83.00 1.90 72 119.00 470 1 j
7 28.00 11.51 29 60.00 0.60 51 89.00 1.50 73 120.00 1.30 ~¢
8 29.00 1842 30 61.00 070 52 90.00 1.40 74 121.00 2222 J
9 31.00 1.10 31 62.00 1.60 53 91.00 3023 75 122,00 2833 o
10 37.00 0.70 32 63.00 490 54 92.00 10.31 76 123.00 250
1 38.00 310 33 64.00 1.20 55 93.00 3513 i ] 131.00 1.50
12 39.00 47.64 34 65.00 12.81 56 94.00 15.11 78 132.00 4.50
13 40.00 1351 35 66.00 17.62 57 95.00 18.32 79 133.00 3.10
14 41.00 4224 36 67.00 54.26 58 96.00 230 80 134.00 0.80
15 42.00 6.11 37 68.00 100.00 59 102.00 0.50 81 135.00 2252
16 43.00 931 38 69.00 941 60 103.00 310 82 136.00 1.90
17 44.00 0.60 39 70.00 1.00 61 104.00 240 83 145.00 1.70
18 45.00 0.60 40 71.00 0.70 62 105.00 17.22 84 146.00 1.30
19 50.00 6.11 41 74.00 1.20 63 106.00 17.92 85 148.00 1.70
20 51.00 18.02 42 75.00 1.70 64 107.00 43.84 86 149.00 1.10
21 52.00 9.61 43 76.00 1.30 65 108.00 20.62 87 150.00 32.83
22 53.00 45.64 44 77.00 3673 66  109.00 8.41 88 151.00 290
Compound Information

Entry:41489 Library: NIST11.LIB

Formula:C12H2002 CAS:76-49-3 MolWeight:196 Retindex: 1277

CompNune Bornyl acetate $$ Bicyclo[2.2. 1]heptan-2-ol, 1,7, 7-mmetl1yl- acmte, cndo- $$ Borneol, acetate $$ Bornyl uce(lc ether $8 2-Camphnnnl acetate
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10 20 30 40 50 60 70 80 120 130 140 150 160 170 180 190
No. Mass Rint No. Mass R.Int No R.Int No. Mass R.Int
1 14.00 0.90 28 58.00 0.30 55 3‘7.00 0.10 82 117.00 0.30
2 15.00 5.30 29 59.00 0.40 56 89.00 0.20 83 119.00 1.30
3 16.00 0.10 30 60.00 0.20 57 90.00 0.10 84 121.00 46.64 -~
4 17.00 0.10 31 61.00 0.60 58 91.00 1141 85 122.00 4.60 N
5 26.00 0.40 32 62.00 0.20 59 92.00 12.61 36 123.00 2.00 // Ty
6 27.00 761 33 63.00 0.60 60 93.00 4774 87 124.00 0.20 / sy
7 28.00 2.00 34 64.00 0.10 61 94.00 8.01 88 125.00 1.00 \Hfo
8 29.00 7.81 35 65.00 4.30 62 95.00 100.00 89  126.00 030 o
9 30.00 0.20 36 66.00 1.40 63 96.00 841 90 127.00 0.20
10 31.00 040 37 67.00 16.11 64 97.00 2.40 91 128.00 0.10
11 37.00 0.10 38 68.00 5.00 65 98.00 1.00 92 134.00 0.20
12 38.00 0.30 39 69.00 1361 66 99.00 1.20 93 135.00 1.10
13 39.00 111 40 70.00 2.20 67 100.00 0.20 94 136.00 38.63
14 40.00 2.30 41 71.00 4.40 68 102.00 0.10 95 137.00 5.20
15 41.00 28.63 42 72.00 2.60 69 103.00 0.60 96 138.00 0.40
16 42,00 4.00 43 73.00 0.20 70 104.00 020 97 139.00 1.20
17 43.00 69.77 44 75.00 0.10 71 105.00 430 98 140.00 0.10
18 44.00 2.10 45 77.00 10.11 72 106.00 0.90 99 141.00 0.10
19 45.00 1.00 46 78.00 1.90 73 107.00 8.61 100 151.00 0.10
20 50.00 0.50 47 79.00 12.61 74 108.00 19.52 101 152.00 0.30
21 51.00 2.10 48 80.00 13.41 75 109.00 13.81 102 153.00 0.80
22 52.00 110 49 81.00 9.81 76 110.00 10.31 103 154.00 9.01
23 53.00 851 50 82.00 6.81 77 111.00 5.61 104 155.00 1.10
24 54.00 1.50 51 83.00 7.01 78 112.00 0.90 105 156.00 0.10
25 55.00 15.41 52 84.00 3.90 79 113.00 240 106 163.00 0.10
26 56.00 1.30 53 85.00 1.20 80 114.00 0.30 107 196.00 1.50
27 57.00 2.40 54 86.00 040 81 115.00 0.20 108 197.00 0.20



Compound Information

Entry:21207 Library:NIST11,LIB
Formula:C10H1002 CAS:103-26-4 MolWeight:162 Retindex:1267

IC::u;:hlnrﬂe::.‘-Pmpenoi:: acid, 3-phenyl-, methyl ester $$ Cinn:

100

amic acid, methy! ester $3 Methyl cinnamate $3 Methyl cinnamylate $5 Methy! 3-phenylprope
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T I" AR dia ssay 3'\ } brrrrrrprtbrtrrrepree e f""!l)‘l‘ T [[“ T v.”g T |“ priver v Ilwl
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 14.00 0.10 23 54.00 0.10 45 86.00 0.30 67 118.00 0.99
2 15.00 4.19 24 55.00 0.10 46 87.00 0.50 68 119.00 0.90 |
3 18.00 0.20 25 59.00 1.19 47 88.00 0.10 69 120.00 0.10 LN
4 26.00 0.50 26 60.00 0.10 48 89.00 0.80 70 121.00 1.59 \[
5 27.00 2.19 27 61.00 0.70 49 90.00 0.70 71 122.00 0.10 =
6 28.00 099 28 62.00 1.99 50 91.00 4.09 72 129.00 0.50
7 29.00 1.09 29 63.00 5.09 51 92,00 0.90 73 130.00 229 P
8 30.00 0.40 30 64.00 0.70 52 93.00 0.10 74 131.00 100.00 [ |
9 31.00 0.30 3l 65.00 1.79 53 97.00 0.10 75 132.00 1029 S -[
10 3700 0.60 32 6600 020 54 98.00 0.60 76 133.00 0.99 -
11 38.00 1.49 33 67.00 0.20 55 99.00 0.20 7 134,00 0.99
12 39.00 4.09 34 69.00 0.60 56 101.00 1.59 78 135,00 0.10
13 40.00 0.20 s 73.00 0.50 57 102.00 14.89 79 144.00 129
14 41.00 0.20 36 74,00 4.39 58 103.00 63.20 80 145.00 0.30
15 43.00 0.10 37 75.00 4.89 59  104.00 7.89 81 146.00 0.20
16 44.00 0.10 38 76.00 6.29 60 105.00 1.09 82 147.00 1.69
17 45.00 0.20 39 77.00 3949 6l 106.00 0.10 83 148.00 0.20
18 49.00 0.60 40 78.00 4.39 62 107.00 0.40 84 160.00 0.20
19 50.00 929 41 79.00 0.30 63 108,00 0.10 85 161.00 17.09
20 51.00 27.09 42 81.00 0.10 64 115.00 099 86 162.00 52,00
21 52,00 3.89 43 84.00 0.10 65 116.00 1.09 87 163.00 589
22 53.00 1.09 44 85.00 1.49 66 117.00 319 88 164.00 0.50
Compound Information
Entry:46695 Library:NIST11.LIB
Formula:C15H24 CAS:20307-84-0 MolWeight:204 Retindex:1377
CompName:Cyclohexene, 4-ethenyl-4-methyl-3-(1 yl)-1-(1-methylethyl)-, (3R-trans)- $S p-Menth-3-ene, 2-isopropenyl-1-vinyl-, (18,2R)-(-)- $§
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20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
No. Mass. R.int No. Mass R.Int No. Mass Rnt No. Mass R.Int
1 26.00 033 28 65.00 829 55 97.00 045 82 132.00 0.48
2 27.00 17.33 29 66.00 204 56 98.00 0.57 83 133.00 231 o
3 28.00 038 30 67.00 9.26 57 101.00 0.64 84 134.00 1.69 l N/
4 29.00 11.15 31 68.00 3.08 58 102.00 LIl 85 135.00 180 A~ X
H 32.00 0.35 32 69.00 479 59 103.00 231 86 136.00 75.68 I ]
6 37.00 0.64 33 70.00 0.61 60  104.00 101 87 137.00 7.26 T
7 38.00 048 34 71.00 0.52 61 105.00 1677 88 138.00 0.29 W
8 39.00 19.78 35 74.00 037 62 106.00 349 89 141.00 0.21 P
9 40.00 3.70 36 75.00 0.57 63 107.00 13.65 90 142,00 0.24
10 41.00 50.04 37 76.00 0.64 64 108.00 521 91 143.00 0.33
1 42.00 229 38 77.00 25.08 65 109.00 1.22 92 145.00 1.04
12 43.00 19.70 39 78.00 553 66 110.00 1.45 93 146.00 0.52
13 48.00 047 40 79.00 2117 67 111.00 0.22 94 147.00 1.27
14 49.00 0.29 41 80.00 6.23 68 114.00 0.36 95 148.00 1.42
15 50.00 183 42 81.00 841 69 11500 273 9  149.00 0.69
16 5100 5.67 43 82.00 113 70 116.00 1.19 97 159.00 0.31
17 52.00 2.60 44 83.00 0.29 71 117.00 2.78 98 161.00 2313
18 53.00 16.00 45 84.00 0.70 72 118.00 0.96 99 162.00 4.41
19 54.00 138 46 85.00 0.39 73 119.00 749 100 163.00 0.56
20 55.00 13.54 47 86.00 080 74 121.00 100.00 101 175.00 0.51
21 56.00 0.94 48 87.00 0.28 75 122.00 1021 102 176.00 0.35
22 57.00 0.97 49 91.00 3591 76 123.00 1.42 103 189.00 2.69
23 58.00 0.25 50 92.00 10.12 77 125.00 0.18 104 190.00 0.32
24 59.00 0.44 51 93.00 88.87 78 128.00 1.38 105 204.00 4.77
25 62.00 0.68 53 94.00 1249 79 129.00 1.05 106 205.00 0.68
26 63.00 2.14 53 95.00 282 80 130.00 0.66
27 64.00 1.27 54 96.00 0.29 81 131.00 1.61

1



Compound Information

Entry:41462 Library:NIST11.LIB
Formula:C12H2002 CAS:141-12-8 MolWeight:196 Retindex:1352
CompName:2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (Z)- $$ Nerol acetat $$ Neryl acetate $$ (ZZ)-B,?-Dimthyl-Z,e-ocmdienyl acetate # $8 cis-Geranyl a
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by '1 preTTT 1\ T brpreregerrrt |‘W$J.~.LA;,_,I1LLW preertrbprrr b T-m-rmrrr'-!?mwnw.pmrm.lwwrm‘,?ﬁ
10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180 190
No Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 14.00 0.10 27 59.00 030 53 86.00 1.30 79 115.00 0.30
2 15.00 0.70 28 60.00 0.40 54 87.00 0.10 80  116.00 0.10
3 26.00 0.20 29 61.00 0.40 55 89.00 0.10 81 117.00 0.30
4 2700 3.60 30 6200 0.10 56 91.00 771 82 118.00 010 NS ~
5 28.00 0.70 31 63.00 0.50 57 92.00 10.61 83 119,00 120 -\
6 2900 2.80 32 6400 0.10 58 9300 5056 84 12000 040 b
7 30.00 0.10 33 65.00 310 59 94.00 8.21 85 121.00 2352 g i
8 31.00 0.10 34 66.00 1.30 60 95.00 3.60 86 12200 240
9 37.00 0.10 35 67.00 20.92 61 96.00 0.50 87 12300 2.60
10 38.00 030 36 68.00 41.54 62 97.00 1.70 88  124.00 0.30
11 39.00 821 37 69.00 100.00 63 98.00 0.80 89  125.00 0.10
12 40.00 2.40 38 70.00 6.11 64 99.00 0.20 90  126.00 0.60
13 41.00 41.74 39 71.00 1.50 65 101.00 0.40 91  127.00 1.10
14 42.00 3.00 40 72.00 0.30 66 10200 0.10 92 12800 0.10
15 43.00 3623 41 73.00 0.10 67 103.00 0.50 93 134.00 0.10
16 44,00 1.10 42 74.00 0.10 68 104.00 020 94 13500 040
17 45.00 0.60 43 75.00 0.10 69 105.00 3.30 95 136.00 16.41
18 50.00 0.50 44 77.00 530 70 106.00 0.80 96 137.00 2,60
19 51.00 1.70 45 78.00 1.10 71 107.00 7.21 a7 138.00 0.40
20 52.00 1.00 46 79.00 7.61 72 108.00 2.00 98  139.00 1.00
21 53.00 9.11 47 80.00 2192 (k) 109.00 1.50 99 14000 0.10
22 54.00 1.20 48 81.00 10.01 74 110.00 0.40 100 153.00 020
3 55.00 4.50 49 82.00 1.50 75 111.00 1.10 101 154,00 2.60
24 56.00 1.00 50 83.00 270 76 112.00 0.30 102 155.00 0.30
25 57.00 0.80 51 84.00 T2 7 113.00 0.10 103 19600 0.10
26 58.00 0.10 52 85.00 5.30 78 114.00 0.10

Compound Information
Entry:41457 Library:NIST11.LIB
Em.]:::cnmooz CAS:105-87-3 MolWeight:196 RetIndex:1352
‘ompName:Geranyl acetate $$ 2,6-Octadien-1-0l, 3,7-dimethyl-, acetate, (E)- $8 Acetic acid, geraniol ester $5 Bay pine (oyster) oil 38 Geraniol acetate $5 t
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60
404 m
20j g l I 0 ® L 136
1h i - 1 e ‘-l T “'1“' therribibprreey '1?71 T |i e ddiaia ottt 1
. !: 0 40 % 60 70 s0 90 100 10 120 130 140 150 160 170 180 190
l' ass R.Int No. Mass R.Int No. Mass R.Int No Mass R.Int
! ;% 0.70 25 5900 0.20 49 8600 150 73 11300 0.10
I % 3% "®m 4w 9% A4 mw s g e i
; ; : ; 00 0.10 75 11500 0.10
¢ w0 260 8 6200 0.10 2 9100 3.90 76 117.00 0.10
S % ol0 » 60 0.50 53 9200 6.30 77 119.00 WA o s
& 3L i 64.00 0.10 54 9300 2650 78 12100 1860 1 T T
L 0.10 31 6500 3.00 55 94.00 5.60 79 122,00 200
s o 030 32 6600 120 56 9500 240 80 123.00 290
00 90 33 6700 1760 57 96.00 0.30 81 12400 030
10 4000 2.50 34 6800  39.10 58 97.00 0.60 82 12500 0.10
14100 4470 35 6900 10000 59 9800 0.40 83 12600 0.30
:i :ggg 3.30 36 7000 590 60  99.00 020 84 127.00 170
13 800 4470 37 7100 110 61 10100 0.60 85 12800 020
4 a0 120 8 7200 0.20 62 10200 0.10 86  135.00 0.30
15 4500 040 » 7w 0.10 63 103.00 0.30 87 13600 1510
16 su00 | 7.00 3.50 64 104.00 0.10 88 137.00 240
s 2.00 41 7800 0.70 65 105.00 170 89 13800 0.50
8 520 120 42 79.00 4.70 66 106,00 0.50 90 13900 0.50
B 50 10.40 43 8000 1220 67 107.00 550 o1 140.00 0.10
N A 140 44 8100 6.30 68 108.00 180 92 153.00 0.30
21 s 4.50 45 8200 110 6 109,00 130 93 154,00 1.70
2 % 090 46 8300 1.50 70 110,00 030 94 15500 0.20
¥ 100 47 8400 340 71 11100 0.60 95 196,00 0.10

24 58.00 0.10 48 85.00 7.80 72 112,00 0.20



Compound Information

?m!s%]g:[ibmy:NlSTll.LlB

ormula:CIHEO CAS:14371-10-9 MolWeight:132 Retindex:
fotmNmﬁmmaldH\yde.(E)-n(E)-l“s“ ld ?;;II::F ldet

$% trans-Cinnamic aldehyde §$ trans-Cinnamylaldehyde $$ (E)-3-Pher
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No. M = e ' r
; 25;53 %:lll'(l; Nlus ;;?5 R.Int No. Mass Rint No. ]N::ss 1:': -
1 e 010 1. = 7.90 357700 4260 52 10100 160
2 = 070 1 20 190 36 7800 3430 53 10200 1240
3 nw W B U 120 37 7900 230 54 10300  s8s0
¢ uw 210 2 s 120 38 8000 0.10 ss 10400 2780 -
3 B 300 2 o 010 39 8400 0.10 56 105.00 w60 [
¢ %0 010 2 020 40 8500 0.50 57 106.00 020 St
] 100 % 6l 1.90 a 8600 0.80 S8 109.00 0.10 T
1 a w3 e 410 42 700 110 59 11000 0.10 :
5 L 860 43 8800 030 60 11300 0.20
1o 4000 ® =7 u 100 44 8900 150 61 11400 010
oo 2 B e 150 45 9000 020 62 11500 0.90
2 am G s a0 100 46 9100 2200 63 11600 0.10
L 4 010 % ¢ 010 47 900 020 64 12900 020
14 s i aaw 140 48 9700 030 65 13100 100,00
Eopw M e 810 49 9800 120 66 13200 5760
e 20 uE B0 660 50 99.00 030 67 13300 ?
; 76.00 7.80 51 10000 0.10 68 13400 o4
Compound Information

Entry:18058 Library:NIST11S.LIB

Formula:C15H24 CAS:515-13-9 MolWeight:204 Retindex:1398

CompName:Cyclohexane, |-ethenyl-1-methyl-2,4-bis(1 -methylethenyl)-, [15-(1 alpha. 2 beta. 4.beta.)}- $8 Cyclohexane, 2 4-diisopropenyl- 1-methyl-1-vinyl
}m T ‘] e e e e i S ) e = 7\
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20 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
No. Mass R.nt No. Mass R.Int No. Mass R.nt No. Mass R.Int
1 26.00 1.00 32 67.00 61.34 63 103.00 332 94 143.00 0.52
2 27.00 19.88 33 68.00 72.00 64 104.00 1.44 95 144.00 047
3 28.00 5.58 M 69.00 25.19 65 105.00 48.85 9 14500 1.80
4 29.00 24.13 35 70.00 1.76 66  106.00 16.71 97  146.00 092
5 30.00 213 36 71.00 0.72 67  107.00 5745 98 147.00 3374
6 31.00 1.49 kr 73.00 0.68 68  108.00 27.68 99 14800 14.86
¢} 37.00 047 38 74.00 0.43 69 109.00 11.36 100 149.00 536
8 38.00 0.82 39 75.00 0.40 70 110.00 215 101 150.00 0.88
9 39.00 26.00 40 76.00 0.64 7 111.00 0.36 102 155.00 037
10 40.00 931 41 77.00 2792 72 115.00 2.35 103 157.00 073
11 41.00 69.62 42 78.00 5.36 13 116.00 0.58 104 159.00 1.50
12 42.00 6.43 43 79.00 5851 74 117.00 318 105 160.00 1.09
13 43.00 16.96 44 80.00 14.52 75 118.00 1.37 106 161.00 30.40
14 44.00 1.20 45 81.00 100,00 76 119.00 33.03 107 162.00 7.70
15 45.00 095 46 82.00 1112 77 12000 14.94 108 163.00 477
16 49.00 115 47 83.00 343 78 12100 4061 109 164.00 0.6%
17 50.00 143 48 84.00 087 79 12200 9.68 110 173.00 0.55
18 51.00 5.80 49 85.00 030 80 123.00 8.60 1l 175.00 5.90
19 52.00 341 50 86.00 0.54 81 124.00 1.08 12 176.00 259
20 53.00 36.56 51 87.00 0.30 82 127.00 0.37 13 17700 0.66
21 54.00 334 52 89.00 1.63 83 128.00 0.85 114 187.00 0.30
2 55.00 4470 53 90.00 037 84 129.00 1.09 115 189.00 18.12
23 56.00 308 54 91.00 43.19 85 131.00 239 116 190.00 291
24 57.00 552 55 92.00 14.25 86 132.00 1.09 1 191.00 0.61
25 58.00 1.07 56 93.00 94.84 87 133.00 2581 118 193.00 044
26 59.00 0.71 57 94.00 2137 88  134.00 13.25 119 203.00 0.36
27 62.00 0.41 58 95.00 26.76 89 13500 1697 120 204.00 343
28 63.00 213 59 96.00 3.54 90 13600 498 121 205.00 0.66
29 64.00 117 60 97.00 222 91 137.00 0.76
30 65.00 12.70 61 99.00 0.30 92 141.00 047

31 66.00 5.06 62 101:00 043 93 14200 035



Compound Information

Entry:14052 Library:NIST11S.LIB

Formula:C11H1402 CAS:93-15-2 MolWeight:178 RetIndex:1361
CompName:Methyleugenol $$ Benzene, 1,2-dimethoxy-4-(2-propenyl)- $8 Benzene, 4-allyl-1 2-dimethoxy- $$ Ent 21040 $$ Eugenol methyl ether $8 Euge
100— = : Y e
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20+ 9 | ‘ ‘ ns 135
_'i L] ' e |[L ' I|n brbrey llllx - H‘ l{]J ‘ “II'.' i !m;{ y ||. ! — ,] e
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 14.00 0.59 21 56.00 1.38 41 91.00 56.01 61 132.00 409
2 15.00 842 22 57.00 4.61 42 92.00 9.70 62 133.00 295
3 27.00 5.03 23 59.00 1.95 43 93.00 21 63 134.00 1.29
4 28.00 1.86 24 61.00 145 44 94.00 1.72 64 13500 13.09
5 29.00 294 25 62,00 539 45 95.00 212 65 136.00 1.64
6 31.00 0.99 26 63.00 14.72 46 102,00 513 66 145.00 145
7 32.00 027 27 64.00 5.37 47 103.00 4399 67 146.00 4.15
8 38.00 290 28 65.00 2343 48 104.00 840 68 147.00 3883 .
9 39.00 16.59 29 66.00 5.16 49 105.00 18.25 69 148,00 4.46
10 40.00 3.06 30 67.00 2.01 50 106,00 576 70 149.00 1.81
1 41.00 11.91 31 69.00 1.32 51 107.00 39.25 71 150.00 1.29
12 43.00 147 32 T4.00 345 52 108.00 4.53 n 151.00 1247
13 45.00 311 33 75.00 339 53 115.00 16.87 73 152.00 1.31
14 46.00 1.38 34 76.00 420 54 116.00 4.03 74 161.00 229
15 50.00 8.10 is 77.00 30.75 35 117.00 7.42 75 162.00 283
16 51.00 20.40 36 78.00 13.39 56 118.00 3.04 76 163.00 35.60
17 52.00 6.06 7 79.00 24.08 57 119.00 533 7 164.00 4.01
18 5§3.00 6.67 Kt 80.00 228 58 120.00 6.92 78 176.00 1.72
19 54.00 142 39 89.00 9.57 59 121.00 358 79 - 178.00 100.00
20 55.00 7.55 40 90.00 6.60 60 131.00 963 80 179.00 11.24
Compound Information

Entry:46623 Library:NIST11.LIB
Formula:C15H24 CAS:17699-05-7 MolWeight:204 Retindex:1430
CompName:Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- §$ 2-Norpinene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- $$ .alpha.-Bergamoten
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40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 41.00 88.49 15 69,00 40.36 29 95.00 5.84 43 123.00 219
rs 42.00 544 16 70.00 5.39 30 97.00 1.39 44 133.00 4.84
3 43.00 15.85 17 77.00 319 3 103.00 3.09 45 134.00 324
4 50.00 1.44 18 78.00 7.54 32 10500 2590 46 13500 384 J[
5 51.00 6,39 19 79.00 28.60 33 106.00 499 47 136.00 234 {", S
6 52.00 4.54 20 80.00 7.54 34 107.00 34.01 48 147.00 2.69 "l —\ ¢
7 53.00 19.65 21 81.00 9.74 35 108.00 4.69 49 148.00 2.99 =<
8 55.00 32.16 22 82.00 2.69 36 109.00 6.99 50  161.00 7.34
9 56.00 11.10 23 83.00 204 37 115.00 2.04 51 162.00 1.79
10 57.00 5.54 24 84.00 1.44 38 117.00 239 52 189.00 33
11 63.00 L.79 25 91.00 43.76 39 119.00 85.69 53 204.00 359
12 65.00 10.30 26 92.00 16.55 40 120.00 14.40 54 205.00 0.60
13 66.00 319 27 93.00 100.00 41 121.00 11.90
14 67.00 13.10 28 94.00 13.30 42 122,00 299



Compound Information

Entry:46636 Library:NIST11.LIB
Formula:C15H24 CAS:87-44-5 MolWeight:204 Retindex:1494

CompName:Caryophyllene $$ Bicyclo[7.2.0Jundec-4-ene, 4,1 1,11-trimethyl-8-methylene-, [IR-(1R* 4E,95%)]- $$ Bicyclo[7.2.0Jundec-4-ene, 4,11,11-trime
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10 20 30 40 50 60 70 80 2% 100 110 120 130 140 150 160 170 180 190 200
No Mass R.Int No. Mass R.Int No. Mass R.nt No. Mass R.Int
| 15.00 0.20 31 68.00 9.50 61 105.00 62.40 91 136.00 6.60
2 26.00 0.30 32 69.00 75.50 62 106.00 3420 92 137.00 1.80
3 27.00 10.30 33 70.00 4.70 63 107.00 48.30 93 138.00 0.20 /ﬁu‘\}/’
E 29.00 9.40 34 71.00 310 64 108.00 11.80 94 141.00 0.30 /{ \
5 30.00 0.20 35 72.00 020 65 109.00 20.50 95 142.00 020 = '
6 37.00 0.10 36 74.00 020 66 110.00 320 96  143.00 020 »“7/
7 38.00 0.70 a7 75.00 0.30 67 111.00 3.40 97 144.00 0.10 L/\
8 39.00 28.80 38 77.00 43.90 68 112.00 0.50 98  145.00 1.50
) 40.00 7.10 39 78.00 12.00 69 113.00 0.10 99 146.00 1.10
10 41.00 77.00 40 79.00 76.40 70 114.00 0.10 100 147.00 2890
11 42.00 4.60 41 80.00 19.20 71 115.00 5.00 101 148.00 26.70
12 43.00 8.50 42 81.00 38.60 72 116.00 1.90 102 149.00 7.40
13 44.00 0.30 43 82.00 11.40 73 117.00 6.90 103 150.00 1.00
14 50.00 1.70 44 83.00 3.50 74 118.00 1.90 104 151.00 0.10
15 51.00 8.20 45 84.00 0.50 75 119.00 40.60 105 159.00 0.40
16 52.00 6.30 46 85.00 0.10 76  120.00 44.70 106 160.00 1.00
17 53.00 29.90 47 87.00 0.10 77 121.00 30.50 107 161.00 33.00
18 54.00 4.00 48 89.00 1.00 78 122.00 8.70 108 162.00 9.40
19 55.00 35.60 49 91.00 85.90 79 123.00 6.00 109 163.00 2.80
20 56.00 7.60 50 92.00 2590 80 124.00 0.90 110 164.00 0.30
21 57.00 5.80 51 93.00 100,00 81 125.00 0.10 111 173.00 0.10
22 58.00 0.60 52 94,00 20.60 82 127.00 0.50 112 174.00 0.10
23 59.00 0.30 53 95.00 21.60 83  128.00 1.60 113 175.00 9.90
24 60.00 0.10 54 96.00 3.00 84 129.00 1.50 114 176.00 6.10
25 62.00 0.40 55 97,00 1.20 85  130.00 0.60 115 177.00 0.80
26 63.00 2.50 56 98.00 0.10 8  131.00 4.20 116 189.00 16.60
27 64.00 1.00 57 101.00 0.10 87 132.00 0.90 117 190.00 2.50
28 65.00 18.30 58 102.00 0.60 88 133.00 92.20 118 191.00 0.20
29 66.00 5.70 59  103.00 5.10 89  134.00 24.40 119 204.00 6.50
30 67.00 38.70 60 104.00 2,50 90 135.00 13.20 120 205.00 1.10
Compound Information
Entry:46622 Library:NIST11.LIB
Formula:C15H24 CAS:13474-59-4 MolWeight:204 Retindex:1430
CompName:trans- alpha.-Bergamotene $$ 2,6-Dimethyl-6-(4-methyl-3-pentenyl)bicyclo[3.1.1]hept-2-ene # $$
100 T =
80 ng
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40+ 55 b 107
20+ ‘ 161
] T ‘ Hie ,,lq. LWL .,x’p, d I.U i l. LR NS, N N il
210 3‘0 410 SIO éO 70 80 90 100 110 120 130 140 150 160 170 180
3 Mass R.Int No. Mass R.Int No. Mass R.int No. Mass R.Int
Nc.I 29.00 16.31 15 64.00 220 29 91.00 46.84 43 119.00 79.08
2 39.00 29.83 16 65.00 11.21 30 92.00 20.02 44 120.00 12.91
3 41.00 90.09 b 66.00 380 31 93.00 100.00 45 121.00 9.01
4 42.00 5.81 18 67.00 13.81 az 94.00 1331 46  122.00 2.60 -
§ 43.00 1331 19 69.00 44.24 33 95.00 6.31 47  123.00 220 /U:Cl\‘ \,L
6 50.00 2.60 20 70.00 5.81 34 96.00 1.60 48 133.00 510 3
7 51.00 7.31 21 71.00 35.73 35 103.00 310 49 134.00 2.80
8 52,00 4.50 22 78.00 8.61 36 105.00 2642 50  135.00 3.50
9 53.00 20.02 23 79.00 32,63 37 106.00 6.41 51 136.00 2.00
10 54.00 490 24 80.00 8.11 38 107.00 31.53 52 147.00 240
11 55.00 3113 25 81.00 951 39 108.00 420 53 148.00 2.10
12 56.00 10.71 26 82.00 3.20 40 109.00 6.61 54 161.00 5.81
13 57.00 4.80 27 83.00 220 41 115.00 2.70 55 189.00 2.30
14 63.00 2.10 28 89.00 1.70 42 117.00 3.50



Compound Information
Entry:18051 Library:NISTI1S.LIB
Formula:C15H24 CAS:18794-84-8 MolWeight:204 Retindex:1440

CompName:(E)-.beta.-F; $$ 1,6,10-Dod i 7,11-dimethyl-3-methylene-, (E)- $$ 7,11-Dimethyl-3-methylene-1,6,10-dod iene, trans $$ (6F
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80 9

60

40 = »

20+ | ’ 107 120 i
g 0 Ut 1V l.l‘.l 1 ST LS e e R .
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

No. Mass Rint No. Mass R.nt No. Mass R.Int No. Mass R.Int
1 27.00 14.36 17 65.00 6.38 33 93.00 78.19 49 12100 5.85
2 29.00 13.30 18 66.00 1.60 34 94.00 20.21 50 122,00 1.60
3 39.00 18.62 19 67.00 26.59 35 95.00 6.38 51 123.00 3.19
4 40.00 in 20 68.00 851 36 96.00 1.06 52 133.00 19.15
5 41.00 90.43 21 69.00 100.00 37 97.00 1.06 53 134.00 4.25
6 42.00 213 22 70.00 8.51 38 103.00 1.06 54 135.00 3n Y\ff\’\f\
7 43.00 13.30 23 71.00 2.66 39  105.00 9.57 55 136.00 1.06
8 51.00 in2 24 77.00 14.89 40 106.00 372 56 147,00 1.06
9 52.00 1.06 25 78.00 2.66 41 107.00 13.83 57 148.00 1.06
10 53.00 2447 26 79.00 36.70 42 108.00 372 58 161,00 798
11 54.00 1.06 27 80.00 6.38 43 109.00 6.91 59 162.00 1.06
12 55.00 3298 28 81.00 2372 44 110.00 053 60 189.00 1.06
13 56.00 1.06 29 82.00 5.57 45 111.00 1.06 61 204.00 532
14 57.00 532 30 83.00 1.06 46 117.00 1.06 62 205.00 1.06
15 58.00 0.53 31 91.00 17.02 47 119.00 11.17
16 63.00 1.06 32 92.00 9.04 48 120.00 13.30
Compound Information

Entry:18070 Library:NIST11S.LIB
Formula-C15H24 CAS:6753.98-6 MolWeight:204 Retlndex:1579

CompName:Humulene $$ alpha -Caryophyllene $% 1,4,8-Cycloundecatriene, 2,6,6,9-tetrametk l-, (E,E,E)- $% .alpha.-Humulene $$ Cycloundeca-1,4,8-trier
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20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
No. Mass R.nt No, Mass R.Int No. Mass R.Int No. Mass R.Int
1 26.00 0.70 19 65.00 350 37 93.00 100.00 55 123.00 2.60
2 27.00 7.61 20 66.00 1.60 38 94.00 13.51 56 133.00 1.90
) 28.00 1.40 21 67.00 10.51 39 95.00 7.81 57 134.00 2.10 =
4 29.00 8.51 22 68.00 3.40 40 96.00 1.00 58 135.00 270
5 39.00 9.21 23 69.00 4.60 41 103.00 0.80 59 136.00 4.60 P =
6 40.00 230 24 70.00 0.60 42 105.00 871 60  137.00 0.60 \[
7 41.00 2262 25 75.00 0.50 43 106.00 2.50 61 146.00 0.80 Ny
8 42.00 1L.70 26 77.00 10.81 44 107.00 14.11 62 147.00 14.11 (
9 43.00 991 27 78.00 2,50 45 108.00 430 63 148.00 320
10 50.00 0.50 28 79.00 13.51 46 109.00 11.41 64 149.00 0.70
11 51.00 2.00 29 80.00 35.13 47 110.00 1.50 65 161.00 2.80
12 52.00 1.30 30 81.00 8.71 48 111.00 0.50 66 162.00 0.80
13 53.00 10.31 31 82.00 7.31 49 115.00 0.70 67 175.00 0.50
14 54.00 1.30 32 83.00 1.10 50 117.00 0.80 68 189.00 1.70
15 55.00 1121 33 89.00 0.80 51 119.00 731 69 204.00 7.31
16 56.00 1.30 34 90.00 0.50 52 120,00 1.80 70 205.00 1.20
17 57.00 1.00 35 91.00 11.91 53 121.00 26.52
18 63.00 0.60 36 92,00 16.82 54 122.00 8.91



Compound Information

Entry:29328 Library:NIST11.LIB
Formula:C13H20 CAS:0-00-0 Mol Weight:176 Retindex:1251

Comp [2.2.1]heptane, 2 propylidene-1,7,7-trimethyl- $8 2-Cyclopropylidene-1,7,7-trimethylbicyclo[2.2.1]heptane # $$

kg s
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No. Mass R.Int No. Mass R.Int No. Mass Roim No. Mass R.nt
1 27.00 22.21 32 66.00 521 63 97.00 0.18 94 12900 228
2 29.00 14.16 33 67.00 1459 64 98.00 0.10 95 130.00 1.24
3 30.00 0.29 34 68.00 1.62 65 99.00 0.09 96 131.00 6.55
4 36.00 0.02 as 69.00 30.46 66 100.00 0.11 97 13200 278
s 37.00 0.49 36 70.00 220 67 101.00 045 98 133.00 75.99
6 38.00 1.76 37 71.00 3.86 68 102.00 127 99 134.00 14.82
7 39.00 3482 38 72.00 0.70 69 103.00 6.09 100 135.00 a2
8 40.00 5.58 39 73.00 0.14 70 104.00 2.69 101 136.00 0.57
9 41.00 63.01 40 74.00 0.84 n 105.00 100.00 102 137.00 0.04
10 42.00 an 41 75.00 1.40 n 106.00 25.00 103 139.00 0.04
1 43.00 14.26 42 76.00 0.94 73 107.00 2131 104 141.00 028
12 44.00 0.33 43 77.00 29.60 74 108.00 732 105 142.00 012
13 45.00 0.05 44 78.00 11.41 75 109.00 278 106 143.00 0.27
14 46.00 0.06 45 79.00 3121 76 110.00 03s 107 144.00 0.25
15 49.00 0.14 46 80.00 5.74 7 111.00 0.07 108 145.00 1.46
16 50.00 331 47 81.00 6.94 78 112.00 0.05 109 146.00 1.37
17 51.00 11.88 48 82.00 1.37 7% 113.00 0.18 110 147.00 9.21
18 52.00 543 49 83.00 339 80 114.00 023 m 148.00 5.06
19 53.00 17.37 50 84.00 0.57 81 115.00 823 12 149.00 0.58
20 54.00 2.02 51 85.00 0.12 82 116.00 336 113 157.00 0.05
21 55.00 2435 52 86.00 0.22 83 117.00 12.18 114 159.00 0717
22 56.00 1.46 33 87.00 0.45 84 118.00 341 115 160.00 028
23 57.00 274 54 88.00 0.39 85 119.00 49.35 116 161.00 54.16
24 58.00 0.98 55 89.00 1.94 86 120.00 4043 117 162.00 7.01
25 59.00 0.30 56 50.00 0.86 87 121.00 16.55 118 163.00 0.43
26 60.00 0.11 57 91.00 8335 88 122,00 1.88 119  175.00 0.83
27 61.00 027 58 92.00 23.04 89  123.00 023 120 176.00 10.21
28 62.00 1.36 59 93.00 41.68 90 124.00 0.03 121 177.00 1.50
29 63.00 5.64 60 94.00 11.49 51 126.00 0.12 122 178.00 0.07
30 64.00 270 61 95.00 912 92 127.00 0.80
31 65.00 16.50 62 96.00 113 93 12800 221

Compound Information

Entry:46619 Library:NIST11,LIB
meﬂl:ClSﬁZ4 CAS:29837-07-8 MolWeight:204 Retindex:1518
CompName:cis-.alpha.-Bisabolene $$ 4-[(1Z)-1,5-Dimethyl-1 4-hexadienyl]-1-methyl-1-cycloh $$ .alpha.-Bisabolene (Z) $3 (Z)-.alpha.-Bisabolene $$
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No. Mass R.Int No. Mass R.nt No. Mass R.Int No. Mass R.nt

1 27.00 29.03 23 67.00 3443 45 96.00 1.90 67 131.00 1.80

2 28.00 7.51 24 68.00 10.41 46 97.00 0.90 68  133.00 12.51

3 29.00 24.12 25 69.00 2112 47 102.00 1.00 69 13400 4.70

4 30.00 0.80 26 70.00 2,00 48  103.00 290 70 135.00 4.20 - S
5 39.00 3423 27 71.00 0.90 49 10500 2272 71 136,00 2.80 j
6 40.00 1171 28 74.00 0.90 50 106.00 9.51 72 141.00 090 N~ -
7 41.00 74.78 29 75.00 0.90 51  107.00 21.12 73 147.00 6.91 [I

8 42.00 6.71 30 71.00 3033 52 108.00 5.00 74 14800 4.60 /)i 1
9 43.00 14.81 3l 78.00 871 53 10%.00 18.52 75 149.00 250

10 50.00 0.70 32 79.00 3443 54 110.00 2.60 76 150.00 1.10

11 51.00 8.41 33 80.00 18.62 55 115.00 3.60 77 161.00 8.91

12 52.00 5.30 34 81.00 1231 56 116.00 1.60 78 16200 230

13 53.00 21.22 35 82.00 621 57 1700 3.50 79 163.00 110

14 54.00 4.00 36 83.00 130 58  119.00 18.22 80 17500 2.20

15 55,00 23.62 37 84.00 0.90 59  120.00 6.21 81  176.00 230

16 56.00 3.00 38 88.00 1.00 60  121.00 19.72 82 177.00 1.10

17 57.00 2.10 39 89.00 1.30 61 122.00 520 83 189.00 4.80

18 58.00 0.90 40 91.00 3483 62 123.00 1.60 84 190.00 1.00

19 62.00 0.70 41 92.00 2332 63 127.00 1.20 85  204.00 15.01

20 63.00 230 42 93.00 100.00 64  128.00 1.90 8  205.00 260

21 65.00 1231 43 94.00 2332 65  129.00 1.60 87  206.00 1.00

22 66.00 5.00 44 95.00 1271 66 130.00 1.10



Compound Information
Entry:18064 Library:NIST11S.LIB

:C15H24 CAS:502-61-4 MolWeight:204 Retindex: 1458 T st _ )
zmmN‘m:.afpbu.-me $8 1,3,6,10-Dod, 3,7,11-trimethyl-, (E,E)- $$ F. $$2,6,10-Ty 2,6,9,11-d , trans- $$ 3,

7 107 19

135
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20 3|0 4LO 5r0 60 70 80 90 100 110 120 130 140 150 160 170 180 190
Mass R.Int No. Mass R.nt No, Mass R.nt No. Mass R.Int

NO'. 26.00 0.80 22 66.00 2.80 43 94.00 12,61 64 123,00 Jj;g
2 27.00 1391 23 67.00 13.31 44 95.00 571 65 12400 0‘60
3 28.00 1.60 24 68.00 2.90 45 96.00 0.80 66 128.00 i
4 29.00 17.42 25 69.00 75.68 46 97.00 0.70 67 12900 0'80 . m
5 32,00 0.70 26 70.00 540 47 103.00 1,90 68  131.00 b Y
6 39.00 1872 27 71.00 0.50 48 104.00 1.10 69 133,00 i
T 40.00 3.50 28 75.00 1.20 49  105.00 1932 70 134.00 B
8 41.00 92.89 29 76.00 0.50 50 106.00 5.00 71 135.00 pha
9 42.00 420 30 77.00 2222 51  107.00 43.24 72 136,00 0.60
10 43.00 2893 31 78.00 5.00 52 108.00 6.41 B NS.Ug s
11 50.00 0.90 32 79.00 44.74 53 109.00 641 74 147.30 : -'.ID
I3 51.00 4.30 33 80.00 2933 54 11000 1.00 75 14:. ] .00
13 52.00 2.10 34 81.00 29.13 55 11100 0.60 76 149‘00 0,70
14 53.00 17.32 35 82.00 380 :g ::égg é;g ;; ;g : gg 5.9]

.00 1.90 36 83.00 1.80 ; i j R
:; :5400 68.77 n 84.00 0.70 :: :};gg :33 ;13 :gggg (I)_D!g
38 89.00 1.40 X | X £
:; gg% :é(]J 39 90,00 0.70 60 119.00 39.44 81 189.00 g;g
19 63.00 1.10 40 91.00 2542 61 120.00 9.01 82 zgmo 0.60
20 64.00 0.90 41 92,00 831 62 121.00 9.21 83  205.00 k
21 65.00 7.11 42 93.00 100.00 63 122,00 3.80
Compound Information

Entry:18054 Library:NIST118.LIB

Formula:C15H24 CAS:495.61-4 Mol Weight:204 Retindex:1500

lC pName: beta.-Bisabolene $$ Cycloh ,]-ﬂtethyl-4—(5-mell\yl-I-nmhy!enw-hexmyl)-.(S)— 88 1.5-Heptadiene, 6-meﬂ!yl-2-(4-mclh)'[—3-\’.‘yclohexen-
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No Mass R.Int No. Mass R.lnt No, Mass R.nt No. Mass R.Int
I 26.00 048 25 67.00 32.66 49 103.00 1.43 73 133.00 710
2 27.00 1420 26 68.00 1217 50 104.00 1.02 74 134.00 6.79 “T
3 28.00 0.60 27 69.00 100.00 51 105.00 16.13 75 135.00 9.29 » J
4 29.00 10.14 28 70.00 6.33 52 106.00 6.50 76 136.00 159 |'
5 30.00 0.40 29 71.00 0.57 53 107.00 20.67 T 137.00 0.46 S
6 37.00 0.37 30 75.00 038 54 108.00 6.43 78 143.00 0.16 1
7 38.00 0.35 31 76.00 041 55 109.00 23.23 i) 145.00 1.29 { 3
8 39.00 17.25 32 77.00 17.60 56 110.00 254 80 146.00 0.22 P
9 40.00 323 33 78.00 4.08 57 111.00 047 81 147.00 370 |
10 41.00 92.00 34 79.00 28.02 58 115.00 1.53 82 148.00 277
11 42.00 4.80 35 80.00 10.52 59 116.00 0.55 83 149.00 094
12 43.00 12.07 36 81.00 14.24 60 117.00 219 84 157.00 0.59
13 50.00 0.78 37 82.00 6.56 61 118.00 1.29 85 159.00 038
14 51,00 384 38 83.00 228 62 119.00 19.68 86 160,00 0.59
15 52.00 226 39 84.00 0.33 63 120.00 7.26 87 161.00 13.53
16 53.00 16.67 40 89.00 0.69 64 121.00 16.70 88 162.00 222
17 54.00 214 41 90.00 0.40 65 122.00 478 89 163.00 0.60
18 55.00 19.86 42 91.00 19,66 66 123,00 1.07 90 175.00 1.05
19 56.00 243 43 92.00 13.37 67 127.00 0.27 91 176.00 1.39
20 57.00 1.60 44 93.00 76.17 68 128.00 027 92 189.00 N
21 63.00 0.82 45 94.00 26.99 69 129.00 0.75 93 190.00 0.50
22 64.00 0.33 46 95.00 13.02 70 130.00 041 94 20200 047
23 65.00 6.51 47 96.00 1.53 71 131.00 1.29 95 204.00 16.23

24 66.00 277 48 97:00 1.04 72 13200 1.58 9 20500 248



Compound Information

Entry:18125 Library:NIST11S.LIB

Formula:C15H24 CAS:30021-74-0 MolWeight:204 Retindex:1435
Comp! me:. gamma.-Mi lene $$ Naphthal 1,2,3,4.42,5,6,8: | )-7-methyl-4 hylene-1-(1

i apliha ‘ octahydro- h hylethyl)-, (1.alpha. 4a.alpha. 8a alpha.)- $§ 1-
o e S R ——————————
9 108
4 " - us
8 gl el | )
1 i | 148
2TD v ;owrrwh)u 1 P o I X . 'slu‘ v 9‘0' i‘T{)ol 1 IJ : fg ' w%nww@,mq er r..—.l-ﬁ,..wrm rlv'x‘-:r"'lrrv—"<HJ'r'.‘T
120 130 140 150 160 170 180
No. Mass R.Int No. Mass R.Int N .
. 3 0. Mass R.Int No. Mass
! gg.gg 030 & M 100 049 81070 154 R~
] i : i 108.00 388 80 143.00
; 200 831 2% 7600 0.44 55 109.00 290 81 14400 o8 o
$ P 1186 30 77200 1987 56 11000 07 82 145.00 2.80 |
Pom oA 3 oae G Domm o 2um oo L
. 3 . ; : 1.87 81 147.00
7 4200 219 33 000 7.21 59 1 Py
, i 1700 582 85 14800 6 S
8 4300 1192 34 8100 297 60 ' A N
‘ . 118.00 2.58 8 149.00
9 4400 0.17 35 8200 334 61 i L !
j : 11900 44,09 87 150.00 :
10 5000 0.54 36 83.00 236 62 ! o
i ; 12000 1162 88 157.00
5100 334 37 8400 047 6 1 Y S
) 2100 1135 89 159.00
2 5200 1.86 38 8800 035 64 ' -
: ; 12200 809 90 16000
13 5300 1088 39 89.00 0.89 65 : o
' y 123.00 17 91 161,00
14 5400 115 40 9000 052 66 i e
. ; 124.00 032 2 16200
15 5500 2068 4 900 3621 67 { s
, ; 127.00 133 9 16300
16 5600 240 2 9200 1587 68 128 : 213
: : 00 225 94 17500 3
17 57.00 256 8B 9300 55 69 ' o
; ¥ 129.00 241 95 176,00
18 5800 0.36 44 9400 1582 70 ! o
. ‘ 130,00 1.03 %  177.00
19 6300 1.39 45 9500 843 71131 ; o
g ; 00 339 97 18300 0
20 6400 0.88 46 96.00 106 n : b
j ; ] 132,00 138 9% 187.00
21 6500 6.89 47 97.00 0.52 7 7 th
i ; 13300 1947 9 189.00
2 6600 201 48 102,00 0.64 74 13 X ie
3 ! 00 1080 100 19000
23 6700 1617 49 103.00 334 7513 ; e
! ; 500 763 101 202,00
24 68.00 267 S0 10400 232 76 13 ; e
y ] 6.00 862 102 20400 25
25 6900 1634 5110500 5155 A 7 5
: . 37.00 112 103 2050
26 7000 1.61 5210600 1021 78 14100 G2 ok oeeaw 0%

Compound Information

Entry:20008 Library:NIST11S.LIB
Formula:C15H240 CAS:1139-30-6 MolWeight:220 Retindex:1507
CompName:Caryophyllene oxide $$ 5-Oxatricyclo[8.2.0.0(4,6)

4,12,12-trimethyl-9-methylene-, [ IR-(1R* 4R *,6R*,105*)]- $$ 5-Oxatricyclo(8.

100 ' —
80+
60: i 69 i %
q 109
40—
20+ I | l ‘ | |‘ i 138
149 161
Tk II B !_r ] “Il ; |!il.( I'“x !HJI 4!“" 1'”1“', TR - :,r} L A... S—
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 1% 200 210
No. Mass R.Int No. Mass R.nt No. Mass R.Int No. Mass RInt
1 36.00 0.13 34 76.00 0.48 67 115.00 0.54 100 150.00 267
2 38.00 0.70 35 77.00 2233 68 116.00 0.42 101 151.00 5.03
3 39.00 20.54 36 78.00 7.54 69 117.00 3.40 102 152.00 1.62 %
4 40.00 3.69 37 79.00 66.08 70 118.00 2.04 103 153.00 0.52 .
3 41.00 68.73 38 80.00 14.04 71 119.00 15.21 104 159.00 4.44 )
6 42,00 an 39 81.00 3424 n 120.00 15.99 105 160.00 129 o
7 43.00 100.00 40 82.00 22.88 73 121.00 2648 106 161.00 892 et
8 44.00 367 41 83.00 26.40 74 122.00 8.53 107 162.00 37
9 45,00 207 42 84.00 4.57 75 123.00 19.70 108 163.00 548
10 46.00 0.19 43 85.00 872 76 124.00 432 109 164.00 364
11 50.00 0.78 44 86.00 0.84 77 125.00 342 110 165.00 1.50
12 51.00 ER-2) 45 89.00 0.22 78 126.00 1.77 111 166.00 0.15
18 52.00 246 46 91.00 42.08 79 127.00 35 12 173.00 1.06
14 53.00 1521 47 92.00 9.38 80 128.00 0.46 13 174.00 0.54
15 54.00 381 48 93.00 63.26 81 129.00 0.60 114 175.00 0.76
16 55.00 3939 49 94.00 21.20 82 130.00 021 115 176.00 4.53
i) 56.00 379 50 95.00 4847 83 131.00 5 116 177.00 872
18 57.00 8.06 51 96.00 30.82 84 132.00 262 n7 178.00 1.36
19 58.00 3.01 52 97.00 853 85 133.00 9.68 118 179.00 0.18
20 59.00 2.10 53 98.00 1.26 86 134.00 8.69 119 187.00 316
21 60.00 0.10 54 99.00 1.08 87  135.00 12.08 120 188.00 0.54
2 63.00 088 55 102.00 0.10 88  136.00 8.48 121 189.00 037
b} 64.00 0.40 56 103.00 1.20 89 137.00 7.30 122 190.00 0.04
24 65.00 8.00 57 104.00 123 90 138.00 16.12 123 191.00 1.45
28 66.00 345 58 105.00 2242 91 139.00 2,65 124 192.00 1.30
26 67.00 33.50 59 106.00 33.76 92 140.00 115 125 202.00 0.43
27 68.00 12.20 60 107.00 33.10 93 143.00 0.18 126 203.00 0.09
28 69.00 59.50 61 108.00 14.19 94 144.00 0.10 127 204.00 0.07
29 70.00 551 62 109.00 44.97 95 145.00 334 128 205.00 3.00
30 71.00 20.89 63 110.00 29.26 96 146.00 258 129 206.00 042
31 72.00 1.78 64 111.00 10.01 97  147.00 7.96 130 220.00 1.59
32 73.00 031 65 112.00 0.97 98 148.00 3.10

33 75.00 0.13 66 113.00 0:27 99  149.00 10.10



Compound Information

Entry:59424 Library:NIST11,LIB
Formula:CISH260 CAS:21284-22-0 MolWeight:222 Retindex:1580

CompName Cubenol $5 1-Is0propyl-4,T~dimethyl-13,4,5.6 8a-hexahydro-da(2H) naphibal I-, [1S+(1.alpha.d.beta. 4 beta. 8a.alpha.)]- $$ (-)-Cubenol ¢
i e o el 161
80
60 39
40 J i 204
2 J [l ‘ | 7 mo
¥ .‘.,ﬁmuwi. bl Al ML,WMH‘ N VRN | S N
40 o 120 130 140150 160 170 180 190 200
No. Mass Rllm No. Muss R Int No. R.Int No. Mass R.imt
1 4100 9374 2 1800 6.82 5 11.30 64 148.00 701
2 4300 9197 23 71900 4206 44 11100 915 65 149.00 928
3 4400 360 4 8000 1219 45 11500 334 66 150,00 1.83
4 4500 549 35 8100 4857 4% 11700 486 67 15100 208 ,/I\,‘.’"/\
55100 663 % 8200 2602 47 11800 5.05 68 153.00 28 [ ]
6 5300 2640 27 8300 1067 48 11900 10000 69 159.00 m LA
7 5400 461 28 8400 473 49 12000 2128 0 16100 9096 [
§ 5500 5281 29 8500 353 50 12100 2886 7116200 1724
9 5600 6.88 30 9100 3928 51 12200 1534 72 163.00 707
10 5700 1206 31 9200 1528 212300 1977 73 164.00 360
11 5900 6146 2 9300 6349 53 12400 3.03 74 17500 277
12 6000 27 3 9400 1844 54 12800 176 75 17600 1.64
13 6500 1364 M 9500 4067 55 13100 an 76 17900 1673
14 6600 5.1 35 9600 7.20 s6 13300 1718 77 180,00 211
15 6700 4004 36 9700 6.82 57 134.00 8.84 78 18900 1844
16 6800 1370 37 103.00 246 58 13500 1819 79 190,00 2.90
17 6900 3234 38 10500 5869 59 136.00 574 80 20400 4001
18 7000 6.00 39 10600 1004 60 137.00 637 81 20500 8.59
19 7100 1522 40 10700 4048 61 139.00 202 8 207.00 328
20 7200 461 41 10800 1471 62 14500 2.96
2 7700 . 273s 42 10900 2362 63 14700 1212
Compound Information

Entry:59439 Library:NISTI11.LIB
Formula:C15H260 CAS:5937-11-1 MolWeight:222 Retlndex:1580
CompName: tau.-Cadinol $8 4-Isopropyl-1,6-dimethyl-1,2,3,4 42,7,8,8 hydro-1-naphthal L (18- (lulpha.4a,lphn hajpha Snbe(an— $% a!phn-e J-Cad

= = S —————
81 95 108 A
LT | T
R O A ,iw 1 T O SO D ARRPR Y S -
50 60 70 80 90 100 110 ]20 130 |40 150 160 170 180 190 200 210 220
Mass R.Int No. Mass Rint No. Mass Rulnt No. Mass R.lnt
41.00 47.23 25 79.00 28.69 49 116.00 1.01 73 147.00 4.17
43.00 94.46 26 80.00 4.67 50 117.00 3.66 74 148.00 1.81
44.00 2.84 27 81.00 3583 51 118.00 383 75 149.00 2.55 OH
45.00 4.14 28 82.00 368 52 119.00 26.31 76 150.00 114 ,L: o
50.00 0.47 29 83.00 241 53 120.00 6.33 77 151.00 1.33
51.00 3.16 30 84.00 0.68 54 121.00 25.61 78 152.00 1.48 -
52.00 1.78 31 85.00 0.90 55 12200 429 79 159.00 373 T &
53.00 12.00 2 91.00 21.89 56 123.00 292 80 161.00 100.00 A
55.00 2237 33 92.00 6.16 57 127.00 1.59 81 162.00 217
56.00 280 34 93.00 2381 58 128.00 1.24 82 163.00 270
57.00 493 33 94.00 11.86 o) 129.00 1.31 83 164.00 648
58.00 15.68 36 95.00 Ky fi] 60 131.00 328 84 165.00 1.07
59.00 208 37 96.00 4.82 61 132.00 1.60 85  175.00 1.07
63.00 092 38 97.00 1.72 62 133.00 1029 86 176.00 1.72
65,00 2T 39 103.00 210 63 134.00 17.87 87 177.00 0.85
66.00 1.98 40 105.00 39.29 64 135.00 4.50 88 179.00 2.08
67.00 14.98 41 106,00 6.71 65 136.00 1.47 89 189.00 14.27
68.00 234 42 107.00 87 66 137.00 315 90 190.00 246
69.00 16.16 43 10800 6.55 67 13800 0.68 91 204.00 46.58
70.00 n 44 109.00 12.53 68 139.00 1.42 92 205.00 8.14
71.00 15.85 45 110.00 1.90 69 143.00 0.53 93 206.00 0.77
72.00 113 46 111.00 Ln 70 144.00 0.53 94 22200 1.40

77.00 18.81 47 113.00 049 71 145.00 347
78.00 3.90 48 115.00 244 72 146.00 1.62




Compound Information

Entry:59425 Library:NIST11.LIB
Formula:C15H260 CAS:0-00-0 MolWeight:222 Retindex:1523
CompName:trans-Sesquisabinene hydrate

=== % 19
8 o 69
60 ‘
82 108
4 [ |
o T T T O T T T
i !I ||;| u‘. He il 1\ x‘ I, \ “ ' | \ll ' ||! RITAN i ' [t I
JMadabiads 1iia s ssnan s o4 dis oSl AAAAE ALY BAMSLARAAN MASLLEARAS VAR RAAAY MARMLAAY WARLLALAMY AARMLARAAS MASALAMA | LAARLAAAS) 1AM MALL) Sadda LA RAMA ARSI LABALI
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
No. Mass R.Int No. Mass R.Int No. Mass R.Int No. Mass R.Int
1 39.00 2.7 26 71.00 1594 51 107.00 2979 76 137.00 6.64
2 40.00 6.83 27 72.00 493 52 108.00 221 77 138.00 341
3 41.00 90.14 28 73.00 113 53 109.00 18.41 78 139.00 1.33
4 42.00 8.35 29 77.00 27.51 54 110.00 399 79 140.00 1.13
5 43.00 70.02 30 78.00 6.45 55 111.00 854 80 145.00 1.90
6 44.00 4.93 31 79.00 3017 56 112.00 1.90 81 146.00 0.94
7 45.00 6.83 32 80.00 6.83 57 113.00 0.94 82 147.00 6.64
8 50.00 1.33 3 81.00 19.74 58 115.00 341 83 148.00 531
9 51.00 531 34 82.00 43.45 59 116.00 133 84 149.00 2.65
10 52.00 34 35 83.00 12.91 60 117.00 493 85 150,00 0.94
1 53.00 20.12 36 84.00 4.74 61 119.00 100.00 86 151.00 247
12 54.00 4.37 37 85.00 1.71 62 120.00 17.65 87 159.00 1.13
13 55.00 49.52 38 89.00 1.52 63 121.00 50.86 88 161.00 23.90
14 56.00 14.23 39 91.00 40.99 64 12200 22,96 89  162.00 531
15 57.00 11.39 40 92.00 19.35 65  123.00 11.39 90  163.00 113
16 58.00 399 41 93.00 82.74 66 124.00 1.90 91 164.00 113
17 59.00 1.90 42 94.00 18.78 67 125.00 190 92 17500 1.13
18 63.00 1.7 43 95.00 19.74 68 128.00 1.52 93 179.00 190
19 64.00 1.13 44 96.00 380 69 129.00 133 94 189.00 5.12
20 65.00 1044 45 97.00 5.69 70 131.00 2.84 95 190.00 1.90
21 66.00 361 46 98.00 1.90 7 132.00 399 96 202.00 1.13
22 67.00 32.63 47 102.00 0.94 72 133.00 13.66 97  204.00 16.13
23 68.00 7.96 48 103.00 399 73 134.00 10.44 98  205.00 284
24 69.00 75.91 49 105.00 43.26 74 135.00 7.40 99 207.00 3.61

25 70.00 892 50  106.00 8.73 75 136,00 3.80 100 208.00 133



Appendix 3

Comparison of mass spectra of the components of the essential oil of C.

. Limon peels.
With standard spectra from the instrument library e

Spectrum Comparison
Spectrum| #Data# Limon Oil.QGD R.Time:4.735(Scan#:348)
MassPeaks: 269

RawMode: Averaged 4,730-1.740(347-349) BasePeak:93.10(10000)
BG Mode:Cale. from Peak Group | - Event 1
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e i T ; At e e e e LR ) AL P L
20 40 60 80 1000 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Spectrum? #Library# NIST11.lib Entry:9791 Formula:C10HI6 CAS:2867-05-2 MolWeight:136
MassPeaks 55 BasePeak:93.00(10000)
CompName:Bicyclo[3.1.0Jhex-2-ene, 2-methyl-5<

|-methylethyl}- 58 3-Thujene 55 alpha.-Thujene $§ Origanene $S 5. 1sopropyl-2-methylbicyclo(3.1 Ohex-2-ene # $5 2-Methy
100 Lo T - 25 % FEEE
£
80
60 |
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20 40 60 80 100 120 140 160 180 200 220 2-‘10 260 280 300 320 340 360 380 400 420 440 460 480

Spectrum3 #Calculation Resulti
MassPeaks:212 BascPeak:91.05(2402)
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Spectrum Comparnison

Spectrum| #Data# Limon OiLQGD R.Time:4.875(Scan# 376)

MassPeaks:279

RawMode:Averaged 4 870-4.880(375-377) BasePeak:93 10(10000)

BG Mode:Calc. from Peak Group 1 - Event 1
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Spectrum? #Library# NIST11s.lib Entry:6669 FormulaC10H16 CAS:80-56-8 MolWeight:136
MassPeaks:71 BasePeak:93.00(10000)

CompName: alpha.-Pinene $$ Bicyclo[3.1.1]hept-2-¢ne, 2,6,6-trimethyl- $$ 2-Pinene $§ 2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene S Pinene, alpha. $$ 2,6,6-Trimethylbicyclo(3.
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Spectrum3 #Calculation Result#
MassPeaks:99 BasePeak:91.05(1382)
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Spectrum Comparison

Spectrum] #Data¥ Limon 0i1L.QGD R.Time:5.160{Scan#:433)
MassPeaks:302

RawModer Averaged 5.155-5.165(432-434) BasePeak:93.10(10000)
BG Mode:Cale, from Peak Group | - Event |

100-

20 40 60 8 100 120

Spectrum? #Library# NIST1Llib Entry:9817 Formula:C10H16 CAS:79-92-5 MolWeight:136

MassPeaks:44 BasePeak:93.00(10000)

CompName:Camphene S8 Bicyclo{2.2.1]heptane, 2.2-dimethyl-3-methylene- 5 2.2-Dimethyl-3-methylenebicyclo[2.2.1]hep

140 160 180 200 220 240 260 280 300

Tk

bid

320 30 360 380

400 413 427 4 463
R
400 420 440 460

am 49 |
480

£% 2.2-Dimethyl-3

383,
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340 360 380 400 420 440 460

i i
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Spectrum3 #Calculation Resulth:

MassPeaks:298 BasePeak:106,10(190)
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Spectrum Comparison

Spectrum| #Data# Limon Oil.QGD R.Time:5.610(Scan#:523)
MassPeaks:272

RawMode: Averaged 5.605-5.615(522.524) BasePeak:93.10(10000)
BG Mode Calc. from Peak Group 1 - Event |

100 ;

20- 4 136
$ 2 :‘i‘h w m |

2 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Spectrum? #Library# NISTI1.lib Entry:9781 Formula:C10H16 CAS5:3387-41-5 Mol Weight:136
MassPeaks:73 BasePeak:93.00(10000)

CompName:Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)- $$ 4(10)-Thujene $3 Sabinen $§ Sabinene $ (+)-Sabinene $8 THUJENE, 4(10)- $8 1-Isopropyl-4-methylenc
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Spectrum3 #Calculation Result#
MassPeaks:96 BasePeak:91.05(1077)
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Spectrum Comparison
Spectruml #Data# Limon Oil.QGD R.Time:$5.695(Scan#:540)
2274

MassPeaks:27
RawMode:Averaged 5.690-5.700(539-541) BasePeak:93.10(10000)
BG Mode:Cale. from Peak Group 1 - Event |

o 30 30 70 S0 110 130 150 170 190 210 230 250 270 2% 310 330 350 370 390 410 430 450 470 490

Spectrum2 #Library# NISTILlib Eniry:9776 Formula:CI0H16 CAS:18172:67-3 MolWeight:136
MassPeaks: 72 BasePeak:93.00(10000) y )
CompName:Bicyclof3..11 aeptane, 66-dimethyl-2-methylene-, 1S)- $8 2(10)-Pinene, (1S,5S)(-)- 8 (- beta-Pinene §5 (-)-2(10)-Pinene §§ L~ beta -Pinene $$ (1S)-(-)-beta.-

100
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o
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2 7 171
n 5 L 136
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Spectrum3 #Calculation Result#
MassPeaks:93 BasePeak 91.05(1067)
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Spectrum Comparison

Spectrum! #Data# Limon OILQGD R Time:5.900(Scan#:581)
MassPeaks:271

RawMode: Averaged 5.895-5.905(580-582) BasePeak:93.10(10000)
BG Mode:Calc. from Peak Group 1 - Event 1
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Spectrum? #Library# NIST11s.lib Entry:6636 Formula:C10H16 CAS:123-35-3 MolWeight:136

MassPeaks:80 BasePeak:93.00(10000)

CompName: beta.-Myrcene $3 1,6-Octadiene, 7-methyl-3-methylene- $5 Myreene $8 7-Methyl-3-methylene-1,6-¢ diene $$ 7-Methyl-3-methyl diene-(1,6) $5 2-Methyl
< 4 9
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2 & »
A |

il
0 40 60 so‘160‘lio'lio'léo‘1&0‘:60'2‘20'21'0'1&0'2&0'360'350‘330‘360'350'460‘450 440 460 480

Spectrum3 #Calculation Result#
MassPeaks: 144 BasePeak:91.05(1301)
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Spectrum Comparison
Spectrum] #Data# Limon Oil.QGD R.Time:6.145(Scan#:

L e:6.145(Scan#:630)
RawMode:Averaged 6.140-6.150(629-631) BasePeak:43.05(10000
illgModefalt,ﬁ'omPuk Group | - Event 1 ; :
g 3

4 36

o :
20
121 133 151 165173 192201 214 236 246 264 281 307
S I L) L L% .=, 23 L i I”!ﬂwyi” 369 383 397 418 428 442 460 485
2 40 |60 80 100 120 ' 140 160 180 200 230 240 260 280 300 320 340 360 380 400 420 | 440 460 480

100
Ll

Spectrum? #Library# NIST1lslib Entry:5153 Formula.C8H160 CAS:124- [ Weight:
MasePeak:$8 BascPeak:4300(10000) ey
‘'ompName:Octanal $3 i
i n-Caprylaldehyde $$ n-Octaldehyde $$ n-Octanal $$ n-Octylal S Antifoam-LF $$ Capr $8 Caprylic aldehyde $8 O 55 O I

20 40 | 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
Spectrum3 #Calculation Result#
MassPeaks:255 BasePeak:57.05(1503)
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Spectrum Comparison

Spectrum! #Data# Limon Oil.QGD R Time:6.205(Scan#:642)
MassPeaks:224

RawMode:Averaged 6.200-6.210(641-643) BasePeak:93.10(10000)
BG Mode-Calc. from Peak Group 1 - Event |
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60
4 77
136
2
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T 70 90 1O 130 150 170 190 210 230 250 210. 290 310 330 330 310 3%0 410 430 450 470 490

Spectrum2 #Library# NIST11slib Entry:6660 Formula:C10H16 CAS:99-83-2 MolWeight:136

MassPeaks:62 BasePeak:93.00(10000)
Comp! :.alpha.-P drene $$ 1,3-C) diene, 2-methyl-5-(1 1y 55 alpha.-Fi $$p-Mﬂnhl-l.S-dim:SSS-lsnprupyl-Z-mrﬂ\yl-l.chclnheudim
100 e ]

60-
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b n ¥ 136

i 51 65

0 30 50 7 %S 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

Spectrum3 #Calculation Resulté
MassPeaks:218 BasePeak:91.05(1219)
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{ '50‘s'o':in‘9'0'lio‘léo'l'so'r'm’160‘210‘zéo‘2s‘o‘27‘0'2")0'31‘0‘350‘35‘0'3":0'3&0'&0‘450'&50‘450‘460'



Spectrum Comparison

Spectrum| #Data# Limon Oil.QGD R.Time:6.450(Scan#:691)
MassPeaks:235

RawMode: Averaged 6.445-6.455(690-692) BasePeak:93.10(10000)
BG Mode:Cale. from Peak Group 1 - Event 1

100 -

gl % |

S 70 50 il 130 150 170 180, 216 230 250 270 B0 30 330 3% 30 390 410

Spectrum? #Library# NIST1Llib Entry:9827 Formula:C10H16 (CAS:29050-33-7 MolWeight:136
MassPeaks:75 BasePeak:93.00(10000)
CompName:(+)-4-Carene $8 4.7,7-Trimethylbicyclo[4.1.0]hept-2-ene # $$

S
: "
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% e o0 130 130 150 170 190 210 o0 T30 290 310 330 | 350 310 390 40 430 450 470 4%0
Spectrum3 #Calculation Result#
MassPeaks:179 BasePeak:91 05(1820)
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Spectrum Comparison

Spectrum! #Datad Limon 0il QGD ers.sz«sw:‘m)

eaks: 188
':::l‘hinﬁe‘.hvli@d 6,6[546.615(724—726) B;se?enk:ll9.10(10000) -
BG Mode:Calc. from Peak Group 1 - Event 1 ol B B

B iiay SRRE T I 160 190

Spectrum2 4Library# NIST11slib Entry:6204 Formula:C10H14 CAS:99-87-6 Mol Weight:134

MassPeaks:51 Bml’elk‘.lw.DOlIOOOD)

CompName:p-Cymene §$ Benzene, 1-methyl-4
=5 19

(1-methylethyl)- $5 p-Cimene 58 p-Cymol 55 p-1s07

» 65 B s sl o
o R T g LI s L P P W30 460 490
‘ .wl‘l ; "1'0 ' TR 190 20 e as0 310 340 370 400

Spectrum3 #Calculation Result#
MassPeaks:156 BasePeak:134.15(565)

164 oy 214 Mo 287 1M IM a4 332342351 367 382
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Spectrum Comparison

Spectrum] #Data# Limon Qil.QGD R.Time:6,720(Scan¥:745)

MassPeaks:288
R:\:’Modﬂ:Avwl@ed 6.715-6.725(744-746) BasePeak:68.05(10000)

BG Mode:Calc. from Peak Group 1 - Event 1
1 S
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| 142 157 168 182 196 210 226 238 255 268 287 J08 322 337 381 365 378 392 407 420 434
T T

w80 #0100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Spectrum2 #Library# NISTI1slib Entry:6621 Formula:CIOH16 CAS:5989-27-5 MolWeight'136

!édmltuks%iﬂau?uk:: got “ e 1-methyl-4-(1-methylethenyl)-, (R)- $3 p-Mentha-1,8-diene, (R)-(+)- $3 (+)-(R)-Limonene $8 (+)-(4R)-Limonene $3 (+)-p-lvl|emha-l.
ompName: y imonene 55 (
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T 6o 130 136 N60 CH0 00 230 40 0 1 M0 30 M0 B0 3040 420

Spectrum3 #Calculation Result#
MassPeaks:85 BasePeak:94.10(374)
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Spectrum Comparison

Spectrum] #Data# Limon Oil.QGD R.Time:6.785(Scan#:758)
MassPeaks:209

RawMode:Averaged 6.780-6.790(757-759) BasePeak:43.00(10000)
BG Mode:Calc. from Peak Group 1 - Event 1
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Spectrum?2 #Library# NIST1ls.lib Entry:9939 Formula:C10HI180 CAS:470-82-6 MolWeight:154
MassPeaks: 123 BasePeak:43.00(10000)

CompName:Eucalyptol $$ Cineole $3 2-Oxabicyclo[2.2.2]octane, 1,3,3-trimethyl- $8 p-Menthane, 1,8-epoxy- $$ p-Cineole $$ Cajeputol $$ Cucalyptol $$ Eucapur $8 Terpan $:
100~

80

4 ) 154
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WL ek

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
Spectrum3 #Calculation Result#
MassPeaks:246 BasePeak:55.05(368)
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Spectrum Comparison

Spectrum| #Data# Limon OILQGD R Time:6 ;

R;Iinmms:z‘u me: .MSM.TE)
Mode: Averaged 6.835-6,845(768-770) BasePeak93.1

]BGMudc:Cdc.ﬁ'mnPuk Group 1 - Event | .

8
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4
20 ‘g 2 @ l 121
vy leiilj l Lo 136 162 195 207 25
0 40 70 w0 B0 1018
190 220 250 280 310 340 370 400 430 460 490

Spectrum? #Library# NISTI1slib Entry:6664 ? ) ‘
MassPeaks:66 BasePeak:93.00(10000) Formulz:CIOHI6 CAS:3779-61-1 Mol Weight:136

CompName:trans-.beta.-Oci i i
o -Ocimene $$ 1,3 6-Octatriene, 3,7-dimethyl-, (E)- $§ beta-mm()mnm $$ trans-3,7-Dimethyl-1,3 6-Octatriene $$ Ocimene, trans- beta.- $§ (E)-Ocim

T s
T

160 1% 220 250 280 310 . 30 370 400 430 460 av0

Spectrum3 #Calculation Result#
MassPeaks:231 BasePeak:91.05(774)
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15 34 w U
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S A S by Aoty Py ne e b e e e e
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Spectrum Comparison
Spectrum] #Data# Limon OiLQGD R Time:7.060(Scan:813)
MassPeaks:240

RawMode: Averaged 7.055-7.065(812-814) BasePeak:93.10(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NIST11sib Entry:6662 Formula:C10HI6 CAS:3338-55-4 MolWeight:136

MassPeaks:76 BasePeak:93.00(10000)
CompName:1,3 6-Octatriene, 3,7-dimethyl-, (Z)- $$ _beta.~cis-Ocimene $$ cis-beta.-Ocimene $8 cis-3,7-Dimethyl-1,3 6-octatriene $§ Ocimene, cis- beta.- $8 (Z)-Ocimene $8 ci
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Spectrum3 #Calculation Result#
MassPeaks: 174 BasePeak:80.05(604)
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Spectrum Comparison

Spectruml #Data# Limon Oil :

s b n OiLQGD R.Time:7.325(Scan#:866)
RawMode-Averaged 7,320-7,330(865-867) BasePeak:

BG Mode:Cal. from Pesk mf;‘ L
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Spectrum2 #Library# NIST11lib Entry:98 .
MassPeaks:71 BasePeak:93.00(10000) L PRI QRIS MolTRNe135

: 381 392 406 421 436 449 466 478 490
370 400 430 460 490

Comp .. gamma, - Terpi $8 1,4-Cyclohexadi
s i A4-Cy ene, 1-methyl-4-(1-methylethyl)- $$ i
.gamma -Terpinen $8 p-Mentha-1 4-diene $$ Crithmene -4+
K $5 Moslene $$ 1-methyl
: mi 1
60
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Tt ds AT
R = s o e =y e v e s e e oo
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490

Spectrum3 #Calculation Result#
MassPeaks:93 BasePeak:91.05(1430)
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Spectrum Comparison

Spectrum| #Data# Limon 0il.QGD R.Time:7.525(Scan#:906)

MassPeaks:237

RawMode: Averaged 7.520-7.530(905-907) BasePeak:43.05(10000)

BG Mode:Calc. from Peak Group 1 - Event 1
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Spectrum2 #Library# NIST11.1ib Entry:17480 Formula:C10H180 CAS:15537-55-0 Mol Weight:154

MassPeaks:92 BasePeak:43.00(10000)
CompNnme:Bi:yclo[ll.O]th-ol, 2-methyl-5-(1-methylethyl)-, (1.alpha.,2 beta 5 alpha.)- $$ 5-1soprop 1yl
1 s __;——___7_-—-# — —

2 bicyclo[3.1.0hexan-2-0l-, (1.alpha. 2 beta. 5 alpha.)- S«
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Spectrum? #Calculation Result#
MassPeaks: 248 BasePeak:71.05(1496)
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Spectrum Comparison
Spectrum| #Data# Limon Oil.QGD R.Time:7.950(Scan#:991)
MassPeaks:260

RawMode: Averaged 7,945-7.955(990-992) BasePeak:93.10(10000)
BG Mode:Cale. from Peak Group 1 - Event 1
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Spectrum2 #Library# NIST11lib Entry:9827 Formula:C10H16 CAS:29050-33-7 MolWeight:136
MassPeaks:75 BasePeak:93.00(10000)

CompName:(+)-d-Carene $$ 4,7,7-Trimethylbicyclo[4.1.0Thept-2-ene # $$
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Spectrum3 #Calculation Result#
MassPeaks:195 BasePeak:91.05(1690)
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Spectrum Comparison

Spectrum! #Data# Limon Oil.QGD R Time:8.165(Scan#:1034)
MassPeaks:255

RawMode: Averaged 8.160-8.170(1033-1035) BasePeak:71.05(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NIST11.lib Entry:17562 Formula:C10H180 CAS:78-70-6 MolWeight:154
MassPeaks:96 BasePeak:71.00(10000)

CompName:1,6-Octadien-3-ol, 3,7-dimethyl- S8 .beta.-Linalool 58 Linalol $5 Linalool $§ Linalyl alcohol $8 2,6-Dimethyl-2,7-octadien-6-0l 3% allo-Ocimenol $§ 2,6-Dimethyl-:
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Spectrum3 #Calculation Result#
MassPeaks:126 BasePeak:80.05(386)
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Spectrum Comparison

Spectrum] #Dau# Limon OiL.QGD R.Time:9.225(Scan#:1246)
MassPeaks:308

RawMode:Averaged 9.220-9.230(1245-1247) BascPeak:95.10(10000)

BG Mode:Cale. EmmPﬂk Group | - Event 1
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Spectrum? #Library# NISTILlib Entry:16453 Formula:C10H160 CAS:464-48-2 MolWeight:152

MassPeaks:44 BasePeak:95.00(10000)

CompName:Bicyclo[2.2. 1]heptan-2-one, 1,7,7-trimethyl-, (18)- 88 (-)-Alcanfor 5 (- )-Cnmphorii Cn.mpbor (IS 45)-(-)- 58 L-umphot b33 L.wvo{ )-cmnphurSS(lS)-(-]—Cmpl
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Spectrum3 #Calculation Result#
MassPeaks;310 - BasePeak: 108.10(702)
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Spectrum Comparison

Spectrum] #Data# Limon OLQGD R Time:9.265(Scan#:1260)
MassPeaks:257

RawMode:Averaged 9.290-9.300(1259-1261) BasePeak:41.05(10000)
BG Mode Cale. from Peak Group | - Event 1
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410 422 433 455 471 483

Spectrum2 ¥Library# NIST11lib Entry:17443 Formula:C10H180 CAS:2385-77-5 MolWeight:154

MassPeaks:80 BasePeak:41.00(10000)

CompNasme:6-Octenal, 3,7-dimethyl-, (R)- 88 (R)-(+)-Citronellal §8 3,7-Dimethyl-6-octenal, (3R)- §5 (3R)-(+-Citronellal §8 (R}-3,7-Dimethyloct-6-cnal $§
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Spectrum3 #Calculation Result#
MassPeaks:269 BasePeak:67.05(1368)
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Spectrum Comparison

Spectrum] #Data# Limon Oil.QGD R.Time:9.540(Scan#:1309)

MassPeaks:264

RawMode:Averaged 9.535-9.545(1308-1310) BasePeak:67.05(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NISTILlib Entry:16340 Formula:C10H160 CAS:1423-46-7 MolWeight:152
MassPeaks:75 BasePeak.67.00(10000)
1 1dah

CompN: 3-C de, 2,4 6-trimethyl- $5 2,4,6-Trimethyl-3 -yclok 1-carboxaldehyde $8 2,4,6-Trimethyl-4-cy 1-carboxaldehyde $$ 2.4
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Spectrum3 #Calculation Result#
MassPeaks:275 BasePeak:94.10(6033)
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Spectrum Comparison

Spectrum! #Data# Limon Oil.QGD R.Time:9.675(Scan#:1336)

MassPeaks:274

RawMode:Averaged 9.670-9.680(1335-1337) BasePeak:95.10(10000)

100

BG Mode:Calc. from Peak Group | - Event 1
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Spectrum2 #Library# NIST11slib Entry:10018 Formula:C10H180 CAS:507-70-0 MolWeight:154
MassPeaks:110 BasePeak:95.00(10000)

10

CompName:endo-Bomeol $§ endo-2-Hydroxy-

A 55 g

7 'j. T

1,7, 7-trimethylnorbornane $$ Bicyclo[2 2.1]heptan-2-ol, 1,7,7-trimethyl-, endo- $§ 1,7,7-Trimethyl-bicyclo(2.2.1 Jheptan-2-ol, en-

nue
' 121 139
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Spectrum3 #Calculation Result#
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MassPeaks:289 BasePeak:59.05(1924)
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Spectrum Comparison
Spectruml #Data# Limon Oil.QGD R.Time:9.895(Scan#:1380)
MassPeaks:300

RawMode:Averaged 9.890-9.900(1379-1381) BascPeak:71.05(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NISTI1lib Entry:17565 Formula:CIOH1SO CAS:20126-76-5 Mol Weight'154
MassPeaks:95 BasePeak:71.00(10000)

CompName:3-Cyclohexen- 1-0l, 4-methyl-1(1-methylethyl)-, (R)- $$ p-Menth-1-en-4-0l, (R)(-)- $8 (-)-Terpinen-d-ol $§ (-)-4-Terpineol §3 L-terpinen-d-ol $§ L-4-tempineneol §¢
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Spectrum3 #Calculation Result#
MassPeaks:158 BasePeak:93.10(1335)
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Spectrum Comparison

Spectrum] #Data# Limon OilQGD R Time:10.175(Scan#:1436)
MassPeaks:264

RawMode:Averaged 10.170-10.180(1435-1437) BasePeak:59.05(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NIST11s.lib Entry:9958 Formula:C10HI180 CAS:98-55-5 MolWeight:154
E‘i mP;du:?:plI; 59‘%;{ : 1-methanol, alpha. alyln-t-u'imdhyl-SSp-Mm-l-m-B-ol § Terpineol schlechthin $8 Terpineol, .alpha. $8 alpha -Terpinol §
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Spectrum3 #Calculation Result#
MassPeaks 169 BascPeak:81.05(926)
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Spectrum Comparison
Spectruml #Data# Limon OilQGD R.Time:10,320(Scan#:1465)
MassPeaks:254

RawMode:Averaged 10,315-10.325(1464-1466) BasePeak: 148 10(10000)
BG Mode:Calc. from Peak Group 1 - Event |
R R = i

270 281 300 312 327337
190 210 230 250 270 290 310 330
Spectrum? #Library# NIST11.lib Entry:14629 Formula:C10H120 CAS:140-67-0 MolWeight:148

MassPeaks:60 BasePeak:148.00(10000)

CompName:Estragole $$ Tarragon $$ Anisole, p-allyl- $§ Chavicol, O-methyl-
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350 370 390 410 430 450 470 490

10 30 5 70 9 110 130 150 170

EM-J A $$ p-Allylanisole $§ p-Methoxyallylbenzene $3 Chavicol methyl ether $§ Esdragol $$ Esdragole
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Spectrum3 #Calculation Result#
Mmi‘uks:i!ﬁo_ BasePeak:79.05(3423)

100

-3

9
17
2 o3 L o

204253 270 281 300 312 327337 356 367 378 405 416 826402 473 484

1030 s 0 9%

10 130 150 170 190 210 230 250 270 290 310 330 350 370 390 @ 410 430 450 470 450

Spectrum Comparison

Spectrum] #Data# Limon Oil.QGD R.Time: 10.395(Scan#:1480)
MassPeaks:257

RawMode: Averaged 10.390-10.400(1479-1481) BasePeak:57.05(10000)
BG Mode:Cale. from Peak Group 1 - Event 1

317327 Ml
320 350

162 433 445455 470 486

440 470 500

128 30 179 207 233 285 267 182 293
T4 170 200 230 260 290

0 410
Spectrum? #Library# NISTH1s.lib Entry:10329 Formula:CI0H200 CAS:112-31-2 MolWeight:] 56

; : 7' lm 1A shud. 3 LY o S e} dout
Comp)?ﬂk::m;?:-mldwde)ss n-Decanal $$ n-Decyl aldehyde $$ Aldehyde C10 $3 Cap $$ Capric yde $$ f‘_,_ RlgE) $5 Caprinic aldehyde $$ I’.
100- - — -

e y T T T T T T T T T T T T T T T T T T T |l
20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470 500

Spectrum3 #Calculation Result#
MassPeaks:274 BasePeak 84.05(1619)

IGGJ

470 436
% Y% B 108 124134 150 17 07 m3 35367 282298 317321 M1 362 386 40l 433 445483
T s

20 50 80 o e e 200 230 260 2% 320 350 380 4l0 ad0 470 500



Spectrum Comparison

Spectrum] #Data# Limon OilQGD R.Time:10.910(Scan#:1583)
MassPeaks:290

RawMode:Averaged 10.905-10.915(1582-1584) BasePeak:69.05(10000)
BG Mode:Calc. ﬁnm?ak Group 1 - Event 1

100 . s,
80 0
60
40
20-| T

55 80
. |Zl

Il b bl ljm. Al s

by

10 30 s 70 9 10 130'150‘17‘0‘190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

Spectrum? #Library# NIST11.lib Entry:17537 Formula:C10HIB8O CAS:106-25-2 MolWeight:154
MassPeaks:94 BasePeak:69.00(10000)

CompName:2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)- $3 cis-Geraniol $3 cis-3,7-Dimethyl-2, Gmndml-ol $8 Nerol $8 Neryl alcohol $$ 2-cis-3,7-Dimethyl-2 &owdlcwl-cl $5¢
10"

80~

60|

41

40
93

i 7 | !!1 j o L w3

e Wu [ L

1030 S0 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490
Spectrum3 #Calculation Result#
MassPeaks:291 BasePeak:41.05(1161)

100-
100

0 19 . | 35 "" 82 93 116 138147156 174 191 207 218 229 244253 267 288 302 313 326 347 366 385394 417 440449 AT 487496

1030 S0 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

Spectrum Comparison

Spectrum! #Data# Limon 0il.QGD R Time:11.190(Scan#:1639)
MassPeaks:296

RawMode: Averaged 11.185-11. I95(1638-1640) BasePeak:41.05(10000)
BG Mode:Cale. from Peak Group 1 - Event I

1001 P
94
81, lll'l
137 253 267 288 297 31§
1 A2 20 128 B8 e B 2 e

335 350 366 383392 413 426
90 IIO |30 150 170 190 210 230 250 270 290 310 330 350 370 390

410 430 450 470 490

Spectrum? #Library# NIST11s.lib Entry:9466 Formula:C10H160 CAS: 106-26-3 Mol Weight:152

e o s, (2)- 5 beta Citral 5 cis-Citral 8 ci-3,7-Dimethy-2.6-octadienal $S beta-Citral 85 Neral $5 Z-Citral $$ (2)-3,7-Di s el
v D L35 b S A =

100 =

69
80-

60-
4

3
A n I i } l us b
| | Lol n

T S0 70 90 110 130 150 170 oo 310 230 250 270 290 310 330 350 370 390 410 430 450 470 4%0

Spectrum3 #Calculation Result#
MassPeaks:184 BasePeak:69.05(1060)

100
le

3 30 43 81 94 109119 132 0 164 174 95 216 g 293 267 288 297 315 335 350 366 38339 413 426 450 479 496,
oL 131 1 ! 16 23

TS 70 % TN 16 10 10 1% 210 230 T 370 20 | 310 330 350 370 350 410 430 450 470 490



Spectrum Comparison
Spectrum] #Data# Limon Oil.QGD R.Time: 11.440(Scan#:1689)
MassPeaks:276

RawMode: Averaged 11.435-11.445(1688-1690) BasePeak:69.05(10000)
BG Mode:Cale. from Peak Group 1 - Event |

100 @
8
- 4
60-|
a0
|
|
ZD_" s o T m 13
el Aol 138 154 1 194 211 228 241 256 269 280 300 327337 350 370380
LIS S s e e e e i W L
10 40 70 100 130 160 190 220 250

280 3l 340 370 400 430 460 490

Spectrum2 #Library# NISTI1Llib Entry:17535 Formula:C10H180 CAS:106-24-1 MolWeight:154
MassPeaks:91 BasePeak:69.00(10000)

CompName:Geraniol $5 2,6-Octadien-1-0l, 3,7-dimethyl-, (E)- $8 trans-Geraniol $5 Guaniol $§ Lemonol $$ trans-3,
100

\7-Dimethyl-2,6-octadien- 1-0l $8 Geraniol alcohol $$ Gerani
B0
60-| "
40+
20 5 2 123
B e e L e
i s s ot i i et o L i e e T
10 70 100 130 160 190 220 250 280 310 340 370 400 430 460 490

Spectrum3 #Calculation Result#
MassPeaks:190 BasePeak:41,05(587)

100

ol 18 | 67 80 9 19 134 148 169 194 28 241

256 269 280 300 327337 _3s50 380

10 40 70 100 130 160 190 220 250 280 310 340 370 400 430 460 490

Spectrum Comparison
Spectrum| #Data# Limon OiLQGD R Time:11.795(Scan#:1760)
MassPeaks:311

RawMode: Averaged 11.790-11.800(1759-1761) BasePeak:69.05(10000)
BG Mode:Calc. from Peak Group 1 - Event 1

100 - @ = .
80— 41
60-
40+
84

20+

2 53 ‘ 109 23 137

= | TL"‘ i} |‘JJ T8 S it 92168 183 197 200 224 18 293 268 81 296 310 327 M6 IST  IM 394 417 434 448 464 477 490
T p  SNGLIRA t b t
10 40 70 100 130

160 190 220 250 280 310 340

Spectrum2 #Library# NIST11s.lib Entry:9502 Formula:C10H160 CAS:141-27-5 MolWeight:152
MassPeaks:93 BasePeak:69.00(10000)
Ci

370 400 430 460 490

pName:2,6-Octadienal, 3,7-dimethyl-, (E)- $§ alpha-Citral §$ (E)-Citral SS trans-Citral $ trans-3,7-Dimethyl-2,6-octadienal 8 Citral a $8 G hyde $5 Geranial S5 1
1 bt [t
41

80
60
40
- 84
2

VI O O o
10 40 70 100 130 160 IS0 220 250 280 310 340 370400 430 ago a0

Spectrum3 #Calculation Result#
MassPeaks: 133 BasePeak:67.05(41)
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310 340 370 400 430 460 490
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Spectrum Comparison

Spectruml #Data# Limon OiLQGD R.Time:11.955(Scan#:1792)
MassPeaks;274

RawMode:Averaged 11.950-11.960(1791-1793
BG Mode:Calc. from Peak Group | - Event |
00—

) BasePeak67.05(10000)

) -

190 210 230 250 270 290 310 330 350 370 390
Spectrum2 #Library# NIST11lib Entry:15335 Formula:C10H140 CAS:2111

1030 50 70 9 110 130 150 170

418 426 441 461 a4
g
410 430 450 470 49

-75-3 Mol Weight: 150
MassPeaks:88 BasePeak:68.00(10000)
CompName:1.Cyeloh =carbarnaldebyde, 4-(1-miettsl ) 55 1-Cycloh T i
100

propenyl- $$ Perilla aldehyd; $$ Perillal $$ Perillaldehyde $§ p-}

1030 50 70 9 10 130 150 170

Spectrum3 #Calculation Result#
MassPeaks:294 BasePeak:67.05(4574)

190 210 23‘0’25'0‘2".'0'250'3[‘0'3:‘10‘35‘0”3#0‘360‘4in‘aso‘4§o'4io'4§o‘

100
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91 107
odi s g e e 0620727 w4 261 2 301 M3 38 369 30 4154t a1 sl s
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1 T T T T T T v T T T T
10 30 5 70 9 110 130

150 170 19 210 230 250 270 29 310 330 350 370 390 410 430 450 470 " ad0

Spectrum Comparison

Spectruml #Data# Limon OilLQGD R.Time:12.150(Scan#:1831)
MassPeaks 223

RawMode:Averaged 12.145-12.155(1830-1832) BasePeak:95.10(10000)
BG Mode:Calc. from Peak Group 1 - Event 1
1

40 i} 136
o ¥ 108
’JJ.I ‘|J“‘ ‘;JJIL 130 179 194

1030 S0 70 9 10 130 150 170 190 210 230 250 270 290 310 330 350 50 390 410 430 450 470 490

Spectrum2 #Library# NIST11.lib Entry:41489 Formula:C12H2002 CAS:76-49-3 Mol Weight: 196
MassPeaks:108 BasePeak:95.00(10000)

CompName:Bomyl acetate $$ Bicyclo[2.2.1 Jheptan-2-ol, 1,7,7-trimethyl-, acetate,

219229 142 284 278288297 315 332341 355 370 390 412 430 445454 465 489 |

endo- $8 Bomeol, acetate $$ Bornyl acetic ether $$ 2-Camphanol acetate $8 endo-2-Camphar
100 & =
80 - T
60
E 12
40 136
- 4
108
Ly 27 o s II 154
) L Iﬂ I 153 196
1030 50 7 9% 110

130 150 170 190 210 230 250 270 290 310 330 350 390 390 410 4% k0 e wiT
Spectrum3 #Calculation Result#
MassPeaks231 BasePeak:80.05(1008)
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Spectrum Comparison

Spectrum] #Data# ‘Limon OiLQGD R .Time:12.565(Scani:1914)

1264
m:‘dk;.\mpd 12.560-12.570(1913-1915) BasePeak:131.10(10000)
BG Mode:Calc. from Peak Group | -Event 1

100 # 0 |
aoj

-

e it it e s A e s AL

10 40 70 100 130

Spectrum? #Library# NIST1Llib Entry:21207 Formula:C10H1002 CAS:103-26-4 Mol Weight: 162

. 0000 Z i late $$ Methyl 3
Masoue 8 BesP k15 00000y e i s, mey s 8 e e 5 it et SHERT2
1 i

$8 Methyl 3-p

snr\
¥ 103
600“\ 162
4 ”
4 -
51 ‘
e et 'u‘léo T a0 310 T 370 400 430 460 490
opadir AR YR R
Spectrum3 #Calculation Result¥
MassPeaks:279 - BasePeak:103.10(2849)
lm/_\
T 300 406 419 444853462 4BS4N
n 161 253 21 7me 33 M4 35730 3% e e S
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Spectrum Comparison

Spectrum] #Data# Limon OilQGD R.Time:13.190(Scan#:2039)
MassPeaks:305

RawMode:Averaged 13.185-13.195(2038-2040) BasePeak:121.15(10000)
BG Mode:Calc. from Peak Group 1 - Event 1

100 g - —
80+
o] 136
40|
E » 105 161
0] L |
-l 67
. 4& Ll ‘\‘I (A 178 9 204 g 2e0 267 281 297 a0 341 385 360 IR 407 420 435 44 471
s iy i
20 40 60 80 100

120 140 160 180 200 220 240 260 280 300 320 340
Spectrum2 #Library# NIST11.lib Entry 46695 Formula:C15H24 CAS:20307-84-0 MolWeight:204

MassPeaks: 106 BasePeak:121.00(10000)

CompName:Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)-1-(1-methylethyl)-, (3R-trans)- $$ p-Menth-3-ene, 2-isopropenyl-1-vinyl-, (15 2R

360 380 400 420 440 460 480

on )-)- §§ delta -Elemene $$
! s i — S it e |
8 136
41
4
o n i 161
67
(4 I.ln [ s | s 18 3N
20 40 60 80 100 120 140 160

T80 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480
Spectrum3 #Calculation Result#
MassPeaks:288 BasePeak:105.10(850)
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Spectrum Comparison

Spectrum] #Data# Limon Oil.QGD R.Time:13.630(Scan#:2127)
MassPeaks:263

RawMode: Averaged 13.625-13 635(2126-2128) BasePeak:69,05(10000)
BG Mode:Cale, from Peak Group | - Event 1

e e R
8
6 41
2
B0
20 L ‘i i=|l i
N UL ik | 149 164 y75 191 207216 236
T w0 o 90 110 130 150 170 190 210 230 250 270 290

Spectrum2 #Library# NIST11lib Entry:41462 Formula:C12H2002 CAS:141-12-8 Mol Weight:196

MassPeaks 103 BasePeak:69.00(10000)
CompName:2,6-Octadien-1-0l, 3,7-dimethyl-,
100~

b1}

136
Ik l?’ ’ l 1

]

Il;.'l

196

acetate, (Z)- $$ Nerol acetate S$ Neryl acetate $$ (22)-3,7-Dimethyl-2,6-octadienyl acetate # $$ cis-Geranyl acetate $8

o o T30 10 170 | 190 210 230 250
Spectrum3 #Calculation Result#
MassPeaks:255 BasePeak:41.05(1387)

T g 310 | 310 350 370 | 390 410 430 450 470 490

1
1426 4 67 80 91 1Bu2 131 W9 164 175 191 207216 236 253 268 282 304 315 327 342 339 373
i

408 429 448 464 483

90 110

Spectrum Comparison

Spectrum] #Data# Limon Oil.QGD R.Time: 14.005(Scan#:2202)
MassPeaks:308

RawMode:Averaged 14.000-14,010(2201-2203) BasePeak:69.05(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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i i T S g Y
0 30 S0 70 9 110 130 150 170 190 210 230 250 270 200 310 330 350 370 390 410 430 450 470 490

Spectrum? #Library# NISTI11ib Entry:41457 Formula:C12H2002 CAS:105-87-3 MolWeight:196

MassPeaks:95 BasePeak:69.00(10000)
CompName:Geranyl acetate 55 2,6-Octadien-1-o0l, 3,7-dimethyl-, acetate,

(E)- 5 Acetic acid, geraniol ester 5 Bay pine (oyster) oil $§ Geraniol acetate $8 trans-3,7-Dimethyl-2,

100 =
80
“
40
b:l ? 121
2 - 1 126
1oz o R gy L | e 196
T T T T T T y T T T T T T T T T T T T r
0 30 s 70 S 110 130 150 170 1% 210 230

Spectrum3 #Calculation Result#
MassPeaks:258 BasePeak:41.05(493)
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Spectrum Comparison

Spectrum] #Data# Limon Oil QGD R.Time:14.130(Scan#:2227)
MassPeaks: 308

RawMode:Averaged 14.125-14.135(2226-2228) BasePeak:131.10(10000)
BG Mode:Calc. from Peak Group 1 - Event 1

100

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Spectrum? #Library# NIST1Llib Entry:8563 Formula:CI9HS8O CAS:14371-10-9 Mol Weight:132
MassPeaks.68 BasePeak:131.00(10000)

Comp Idehyde, (E)- $$ (E)-Cit $$ trans-Cinnamaldehyde $$ trans-Cinnamic aldehyde $$ trans-Ci Idehyde $5 (E)-3-Phenyl 158 2-Pro
s 31
60 103
7
40- 5
2 (]
Wl ) o 0 us

. |

T o 180 130 150 160 150 200 230 240 260 28 30 330 340 360 380 400 420 440 460 430
Spectrum3 #Calculation Result#
MassPeaks:254 BasePeak:162.10(4514)
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Spectrum Comparison

Spectrum| #Data# Limon Oil.QGD R Time:14.290(Scan#:2259)
MassPeaks:226

RawMode: Averaged 14.285-14,205(2258-2260) BascPeak:93.10(10000)
BG Mode:Calc. from Peak Group 1 - Event 1

100~ = —
80
ﬁ mo e
Iﬂi 161 189
- L 178
T T T T T T i
20 50 80 110 140 170

Spectrum #Library# NISTI1s1ib Entry:18058 Formula:C15H24 CAS:515-13-9 MolWeight 204

MassPeaks:121 BasePeak:81.00(10000) - . )
CompName:Cyclohexane, 1-¢ethenyl-1-methyl-2,4-bis( 1-methylethenyl)-, [15-( 1.alpha.2.beta. 4.beta.)]- $8 Cyclohexane. 2 A-diisopropenyl-1-methyl-1-vinyl-, (18, 2R AR})- (-)- s
100 o

20 50 o Te iR o o 230 260 290 320 30 380 40 40 40 300

Spectrum3 #Calculation Result#
MassPeaks:243 BasePeak:79.05(1147)
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01237 46 107 |y9 133 147186 180189 214 230 244 265 276 288 304
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i i Sl B 15 454 W s il T T
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Spectrum Comparison

Spectrum] #Data# Limon 0il.QGD R Time:14.480(Scan#:2297)
MassPeaks:261

RawMode: Averaged 14.475-14.485(2296-2298) BasePeak:178.10(10000)
BG Mode:Calc. from Peak Group 1 - Event |

1 s M

— - %

g3 207 218227 239 283 269 281 301311
190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

0 30 so 70 % 10 130 150 170
Spectrum?2 #Library# NIST11slib Entry:14052 Formula:C11H1402 CAS:93-15-2 Mol Weight:178
MassPeaks:80 BasePeak:178.00(10000)
C g 188 ., 1,2-dimethoxy-4-(2-propenyl)- SSB::me.MIyl-IJ.-dim:ﬂmxy-SS Ent 21040 $$ Eugenol methyl ether $$ Eugenyl methyl ether 3§ 1

Lol

T 10 1% | 210 ' 230 250 210 %0 | 310 330 350 370 390 410 430 450 470 490

10 3 s¢ 70 9% Iiﬂ

Spectrum3 #Calculation Result#
MassPeaks:256 BasePeak:107.10(1705)
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o6 | M7 138 W7

168 177 207 218227 139 353 269 281 3013 3 345 353364 391 405 423 438 452 464 477 496
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Spectrum Comparison
Spectruml #Data# Limon Oil.QGD R.Time:14.715(Scan#:2344)
MassPeaks:

:280
RawMode: Averaged 14.710-14,720(2343-2345) BasePeak:93.10(10000)
BG Mode Calc. from Peak Group 1 - Event 1
1

I B3 g 161 g6 18 204 28 2% 47 a8 208 314 37342 3% 300 38 do2 4D 415 455 468 496
s A S T T
30 5 70 % 10 130 150 170 1%0 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

Spectrum2 ¥Library# NISTI1.lib Entry:46623 Formula:C15H24 CAS:17699-05-7 MolWeight 204

MassPeaks:54 BasePeak:93.00(10000)

CompName Bicyclo[3.1.1 Jhept-2-¢ne, 2 6-dimethyl-6-(4-methy-3-pentenyl)- $§ 2-Norpinene, 2,6-dimethyl-6-{4-methyl-3-pentenyl)- S5 alpha -Bergamotene S5 2.6-Dimethyl-6:
1 e b AR SN S

b ne

161

13
i L

5 0 70 S0 10 130 150 T e 210 230 250 270 290 310 o e 30 | 350 410 430 450 470 490
Spectrum3 #Calculation Result#
MassPeaks:279 BasePeak:119.15(1094)
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Spectrum Comparison
Spectrum] #Data# Limon Oil.QGD R.Time:14.895(Scan#:2380)
MassPeaks:291

RawMode: Averaged 14.890-14.900(2379-2381) BasePeak:93.10(10000)
BG Mode:Calc. from Peak Group 1 - Event |

il &%
80: i 108
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190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490
Spectrum? #Library# NISTILlib Entry:46636 Formula:C15H24 CAS:87-44-5 MolWeight:204
MassPeaks: 120 BasePeak:93.00(10000;

)
CompName:Caryophyllene $$ Bicyclo[7.2.0]und

Con 4-ene, 4,11, 1-trimethyl-8.  [IR{1R* 4E,95*)]- $$ Bicyclo[7.2.0Jundec-d-ene, 4,11,11-trimethyl-8-methylene-, (
100 - S i

80~

60
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20+ l { s

1 L~

030 S0 70 %0 10

130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490 |
Spectrum3 #Calculation Result#
MassPeaks:239 BasePeak:91.05(935)
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Spectrum Comparison

Spectrum! #Data# Limon Oil.QGD R.Time:15.105(Scan#:2422)
MassPeaks:309

RawMode:Averaged 15.100-15.110(2421-2423) BasePeak:93.10(10000)

BG Mode:Calc. from Peak Group 1 - Event 1
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Spectrum2 #Library# NISTII.

MassPeaks:55 BasePeak:93.00(10000)
C

alpha,

lib Entry:46622 Formula:C15H24 CAS:13474-59-4 MolWeight:204

P
100-

$8 2,6-Dimethyl-6-(4-methyl-3-pentenyl)bicycla[3.1,1 Jhept-2-ene # $§

69
4] s |7 107
LA
giel R
20 40 60 80

1ne

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

AL Bt i
440 460 480

Spectrum3 #Calculation Result#
MassPeaks:213 BasePeak:119.10(1873)
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Spectrum Comparison
Spectruml #Data# Limon OilQGD R .Time:15.420(Scan#:2485)
MassPeaks:245

RawMode; Averaged 15.415-15.425(2484-2486) BasePeak:69.05(10000)
BG Mode:Calc. from Peak Group 1 - Event |

100
4a 9
4
L 120 13
20 3 108 161
™ W7 | g73 189 204213 32242292 271 281 305 320 339 359368 382 393 419 438 451 463 486

| S i A s gl ) SO0, R AR 0§ | i W ) a0 1t D00 SRt IR o0 | 430
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Spectrum2 #Library# NIST1lslib Entry:18051 Formula:C15H24 CAS:18794-84-8 MolWeight:204
MassPeaks:62 BasePeak:69.00(10000)

CompName:(E)- beta.-F 5§ 1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene-, (E)- $8 7,11-Dimeth 1-3.methylene-1,6,10-dodecatriene, trans $8 (6E)-7,11-Dimethyl-3-n
1

41
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L v T T T T T 1 T T T T T 1 T T T T v T Ll ) T T T 1 T U T L) T T T T
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Spectrum3 #Calculation Result#
MassPeaks:237 BasePeak:91.10(973)
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Spectrum Comparison
Spectrum] #Data# Limon OiLQGD R.Time:15.550(Scan#:2511)
MassPeaks:296

RawMode:Averaged 15.545-15.555(2510-2512) BasePeak:93.10(10000)
BG Mode:Calc. from Peak Group | - Event |

80
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40+ 80
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Spectrum? #Library# NIST11slib Entry:18070 Formula:C15H24 CAS.6753-98-6 MolWeight:204
MassPeaks:70 BasePeak:93.00(10000)
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Spectrum3 #Calculation Result#
MassPeaks 280 BasePeak 91.05(1251)
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Spectrum Comparison

Spectruml #Data# Limon OiLQGD R.Time:16.060(Scan#:2613)
MassPeaks:337
RawMode: Averaged 16.055-16.065(2612-2614) BasePeak:105.10(10000)
BG Mode:Calc. from Peak Group | - Event |
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Spectrum? #Library# NIST11.lib Eniry:29328 Formula:C13H20 CAS:0-00-0 MolWeight:176
MassPeaks:122 BasePeak:105 00(10000)

CompName:Bicyclo[2.2.1]heptane, 2-cyclopropylidene-1,7,7-tm $8 2-Cyc idene-1,7,7-trimethylbi
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Spectrum3 #Calculation Result#
MassPeaks:332 BasePeak:81.10(5412)
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Spectrum Comparison
Spectrum! #Data# Limon Oil.QGD R Time:16.330(Scan#:2667)
MassPeaks:284
RawMode: Averaged 16.325-16.335(2666-2668) BasePeak:93.10(10000)

BG Mode:Calc. from Peak Group | - Event |
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Spectrum? #Library# NISTI1Lib Entry:46619 Formula.Cl15H24 CAS:29837-07-8 MolWeight204
MassPeaks:87 BasePeak:93.00(10000!
CompName:cis- alpha.-Bisabolene §$ 4-[(12)-1,5-Dimethyl-1 4-hexadienyl}-1-methyl-1-cy $$ alpha.-Bi (2) $$ (2)- alpha.-Bisabolene 5 Cyclohexene, 4-[(1:
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Spectrum3 #Calculation Result#
MassPeaks:289 BasePeak:133.15(1708)
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|

Specrumi #Dmst Limon OILQGD R.Time:16.385(Scan#:2678)

MassPeks 295
Rawidodc Averaged 16.380-16.390(2677-2679) BasePeak:93.10(10000)
from Peak Group | - Event |
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Spectrum2 #Library# NIST11slib Entry:18064 Formula:C15H24 (CAS:502-61-4 MolWeight:204
MassPeaks:83 BasePeak:93.00(10000)
CompName: alpha -Famesene $$ 1,3,6,10-Dodecatetracne, 3,7,1 1-trimethyl-, (E.E)- $5 Famesene $§ 2,6,10-Trimethyl-2,6,9,11-dodecatetraene, trans- % 3,7,11-Trimethyl-1,3,6
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Spectrum3 #Calculation Result®
MassPeaks:270 BasePeak:91.05(2084)
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Spectrum Comparison

Spectrum! #Data# Limon Oil QGD R.Time: 16.460(Scan#:2693)
MassPeaks 331

RawMode:Averaged 16.455-16.465(2692-2694) BasePeak:69.05(10000)
BG Mode:Calc. from Peak Group | - Event 1
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Spectrum? #Library# NIST11slib Entry:18054 Formula:C15H24 CAS:495-61-4 MolWeight:204
MassPeaks:96 BasePeak:69.00(10000)

CompName: beta.-Bisabolene S8 Cyclohexene, 1-methyl-4-(S-methyl- 1-methylene-4-h 1y, (S)- S 1,5-Heptadiene, 6-methyl-2-(4-methyl-3-cycl Loyl (S1(-)- S 1L
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Spectrum3 #Calculation Result#
MassPeaks 245 BasePeak:91.05(1433)
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Spectrum Comparison
Spectrum| #Data# Limon Oil.QGD R.Time:16,655(Scan#:2732)
MassPeaks:312

RawMode:Averaged 16.650-16.660(2731-2733) BasePeak:161.15(10000)
BG Mode:Calc. from Peak Group 1 - Event |

lUCA T — - = — =
80+ 108

60 ik 1

40 T 133

= 4 204

20 5 67

T sl L 28 236247 262 276 296 312 327 343

360369 385

405415 428 441 454 365 487
20 40 60 80 100

120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

Spectrum2 #Library# NIST11s.lib Entry:18125 Formula:C15H24 CAS:30021-74-0 MolWeight:204
MassPeaks: 104 BasePeak:161.00(10000)
M Muurolene $§

CompName: gurma. Naphthalene, 1,2,3,4,42,5,6,8a-octahydro-T-methyl-4-methylene-1-(1-methylethyl)-, (1 alpha 4a alpha 8a alpha ) $ 1-Isopropyl-T-methyl-
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Spectrum3 #Calculation Result#
MassPeaks:309 BasePeak:105.10(2353)
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Spectrum Comparison

Spectrum! #Data# Limon Oil.QGD R.Time:17.980(Scan#:2997)
MassPeaks:301

RawMode:Averaged 17.975-17.985(2996-2998) BasePeak:43.00(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NIST11slib Entry:20008 Formula:C15H240 CAS:1139-30-6 MolWeight:220

MassPeaks:130 BasePeak:43.00(10000) ;

CompName:Caryophyliene oxide $3 5-Oxatricyclo[8.2.0.0(4,6)-]dod 4,12,12-trimethyl-9
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Spectrum3 #Calculation Result#

MassPeaks:305 BasePeak:91.05(4603)
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Spectrum Comparison

Spectrum| #Data# Limon Oil.QGD R.Time: 18.495(Scan#:3100)
MassPeaks:275

RawMode:Averaged 18.490-18.500(3099-3101) BasePeak:119.15(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NIST11.lib Entry:59424 Formula:C15H260 CAS:21284-22-0 MolWeight:222
MassPeaks:82 BasePeak:119.00(10000)
CompName Cubenol $8 1-Isopropyl-4,7-dimethyl-1,3.4,5.6,8a-hexahydro-4a(2H)-naphthalenol-, [15-(1 alpha. 4.beta. da beta..8a alpha )}- 85 (-}-Cubenol 5 10.beta.H-Cadin-4-
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Spectrum3 #Calculation Result#

MassPeaks:276 BasePeak:179.15(2453)
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Spectrum Comparison

Spectruml #Data# Limon Oil.QGD R.Time:18.920(Scan#:3185)

MassPeaks:300

RawMode: Averaged 18.915-18.925(3184-3186) BasePeak:161.15(10000)

BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum2 #Library# NIST1Llib Entry:59439 Formula:C15H260 CAS:5937-11-1 MolWeight:222
MassPeaks:04 BasePeak:161.00(10000)
C
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Spectrum3 #Calculation Result#
MassPeaks:266 BasePeak:105.10(969)
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Spectrum Comparison

Spectrum| #Data# Limon Oil.QGD R.Time:19.580(Scan#:3317)
MassPeaks:274

RawMode: Averaged 19.575-19.585(3316-3318) BasePeak:119.15(10000)
BG Mode:Calc. from Peak Group 1 - Event |
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Spectrum? #Library# NIST11.lib Entry:59425 Formula:C15H260 CAS:0-00-0 MolWeight:222

MassPeaks:100 BasePeak:119,00(10000)

CompName:trans-Sesquisabinene hydrate
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Spectrum3 #Calculation Result#
MassPeaks 276 BascPeak:109.15(7620)
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Appendix 4

Indibition Zones

Inhibition zones of the peel oil extract against Escherichia coli

Inhibition zones of the peel oil extract against Pseudomonas aeruginosa



Inhibition zones of the peel oil extract against Bacillus subtilis



Inhibition zones of the peel oil extract against Candida albicans



