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2 2   LITERATURE REVIEW

In the first section of the literature review, information has been given on various

cinnamon bark types and how they can be graded. After that major cinnamon oil

types are discussed with their physical and chemical properties. Cinnamon bark oil

production process is described starting from plantation to oil production. Oil

extraction methods, essential oil analysis methods, and the physico chemical analysis

of volatile organic compounds of cinnamon oil are discussed in the next sections.

Since drying is the main preprocessing step recognized in this research, the effect of

the drying on volatile organic compounds of cinnamon oil and methods of statistical

analysis are presented finally.

2.1 Cinnamon Products

About 24,000 ha are under cinnamon cultivation in Sri Lanka and cinnamon groves

are located in the western and south-western regions of the island such as Negambo,

Kaluthara, Ambalangoda, Matara and Rathnapura (Ravindran et al., 2004). The

tropical sunshine and abundant rain in many parts of Sri Lanka provide the ideal

habitat for the growth of cinnamon. Cinnamon is a moderate sized plant grown up to

16 m height and 60 cm breast diameter. It has a smooth bark having light pinkish

brown, grown up to 10 mm thick which gives a strong pleasant spicy and burning

taste. It has oval or elliptical leaves bearing pale yellowish green flowers,

ellipsoidical dark purple fruits.

The most commonly produced product is cinnamon quills. There are several other

by-products generated during the processing of quills. They are classified into five

major commercial groups as quillings, featherings, chips, bark oil and leaf oil which

are shown in Figure 2.1. The major export product out of them is always quills that

accounts for about 90% of the whole industry.
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                              (a)                                                           (b)

                               (c)             (d)                       (e)

Figure 2.1: (a) cinnamon quills, (b) cinnamon featherings, (c) cinnamon chips, (d)

cinnamon bark oil, (e) cinnamon leaf oil

2.1.1 Quills

The cinnamon is marketed mainly as quills. Scraped peel of the inner bark of mature

cinnamon  stems  first  dried  in  the  sun  (not  direct  sun)  to  curl  and  join  together  by

overlaps, the hollow of which has been filled with small pieces of peeled cinnamon

to form length of 106.7 cm (42 in) and thereafter allow for air curing. Different

cinnamon grades are available in market such as Continental, Mexican, Hamburg and

etc.  The  desired  colour  of  the  quills  is  light  brown  and  reddish  brown  patches

(foxing) can be also seen due to the quality defects arising from drying conditions.

The value of quills gets depreciated depending on the amount of foxing. Names of

“Superficial” (Malkorahedi) and “Heavy” (Korahedi) are given according to the

depth of the patches.
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2.1.2 Quillings

Quillings are marketed as medium quality cinnamon but their aroma and taste are

similar to those of quills. Quillings can be separated from quills due to their shape

and size which is done prior to the sun drying process. Another type called

featherings can be contained with quillings up to 3% by mass.

2.1.3 Featherings

Featherings are pieces of inner bark, obtained by peeling and/ or scraping the bark of

small twigs and stalks of cinnamon shoots, which may include a quantity of chips as

specified.

2.1.4 Chips

Chips are inferior quality cinnamon and the raw materials which were used in this

research. Chips scraped off from the greenish brown, mature thick pieces of bark.

Also the outer bark, which is obtained by beating or scraping the shoots, is also

considered to be chips. Chips are graded into two categories as;

Grade 1- Those containing small featherings obtained by scraping very small twigs.

They  contain  a  small  amount  of  the  outer  bark  material  and,  which  are  inferior

quality cinnamon.

Grade 2- Those containing inner and outer bark and pieces of wood.

2.1.5 Cinnamon oil

Cinnamon leaf and bark are sources of cinnamon oil, which are named as leaf oil and

bark oil. Cinnamon oil has been mostly focused on the biologic effects in human

beings and animals, such as antifungal activities (Guynot, et al., 2003; Suhr and

Nielsen, 2003), antibacterial activities (Kalemba and Kunicka, 2003) and anti-

diabetic activities (Bailey and Day, 1989; Qin, et al., 2003; Mang, et al., 2006).
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2.1.5.1 Leaf Oil

Cinnamon leaves are obtained as a by-product in the cinnamon industry and they are

steam distilled in large vessels to produce leaf oil. Normally before distilling, leaves

are left in fields for 3 to 4 days. Since leaf oil is heavier than water, oil collects at the

bottom of the separation vessel. Yield is normally 1% oil based on dry weight basis.

The  amount  of  eugenol  content  determines  the  grading  of  leaf  oil.  In  the  local

market, leaf oil directly goes from the distillers to the local merchants. Major buying

countries of cinnamon leaf oil from Sri Lanka are US ( 57 %), and European market

UK ( 14.4 %), Germany ( 6.07 % ), France (4.40%), Spain (4.83 %), Italy (3.3 %)

and India (4.12 %) (Ravindran et al., 2004). The issue with the leaf oil production is

that the amount of leaves available for distillation varies with the season and labour

(Ravindran et al., 2004).

2.1.5.2 Bark Oil

Cinnamon  bark  oil  is  one  of  the  expensive  essential  oils  in  the  world  market.  The

price or value of bark oils, largely depend on the material used to distill the oil.

Similar apparatus and techniques to leaf oil production, are used for bark oil

production and hydro distillation is also used by some manufacturers.

Cinnamaldehyde content determines the quality of cinnamon bark oil. The lowest

quality bark oil which is called “katta thel” is produced from rough bark (“katta-

chips”). When high quality bark oil is required, quills, qullings and featherings are

used (Ravindran et al., 2004).

2.1.5.3 Properties of cinnamon oil

There is no international standard for cinnamon bark oil properties. Higher the

cinnamaldehyde percentage is the higher market price. In the United States, EOA

standard specifies an aldehyde content of 55-78%. However, in the case of leaf oil,

international standards do exist. In this case, a phenol content of 75–85% has been

specified for oil of Sri Lankan origin. Cinnamaldehyde is another constituent of leaf

essential oil, contributing to the total flavor, and the specification limits its content to
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5%. In the USA, the FMA (Fragrance Materials Association) specifies the eugenol

content (80–88%) in cinnamon leaf oil in terms of its solubility in KOH. The

physico-chemical properties of cinnamon oil are given in Table 2.1 (Parthasarathy et

al., 2008).

Table 2.1: Physico-chemical properties of cinnamon oil

Bark oil Leaf oil
Specific gravity 1.021–1.070 (at 20 °C) 1.044–1.062 (at 30 °C)

Refractive index 1.567–1.614 (at 20 °C) 1.522–1.530 (at 30 °C)
Optical rotation (°) −1°–0° (at 20 °C) 3.60° (at 30 °C)
Eugenol content (%) – 65–87.2

2.1.5.4 Chemical composition

Volatile organic compounds are contained in other parts, including root bark, fruits,

flowers, twigs and branches. A systematic study of the chemical composition of Sri

Lankan produced spice oils and essential oils was carried out by Paranagama

(Paranagama, M.Phil. thesis, 1991). In this study GC-MS technique with capillary

columns was used to investigate the essential oil composition of cinnamon (leaf oil,

bark oil and root bark oil).

Volatile oils are very complex mixtures of compounds. The constituents of the oils

are mainly monoterpenes and sesquiterpines, which are hydrocarbons with the

general formula (C5H8)n. Oxygenated compounds derived from these hydrocarbons

include alcohols, aldehydes, esters, ethers, ketones, phenols and oxides. It is

estimated that there are more than 1000 monoterpenes and 3000 sesquiterpines

structures. Other compounds include phenyl propenes and specific compounds

containing sulphur or nitrogen (Maheshwari et al., 2010).

Molar  mass,  density  and  boiling  point  of  selected  volatile  constituents  are  given  in

Table 2.2. Process parameters used in the cinnamon bark oil extraction process is

heavily dependent on these properties.
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Table 2.2: Properties of selected volatile organic compounds of cinnamon bark oil

Source: http://www.lookchem.com, Visited, 15th January 2013

2.2 Processing of Cinnamon Chips

2.2.1 Cinnamon process flow

An overview of cinnamon processing steps is given in Figure 2.2 (Ravindran et al.,

2004). The term quills is defined as scrapped peel of the inner bark of mature

cinnamon shoots, joined together by overlapping tubes, the hollow of which has been

filled with smaller pieces of cinnamon peels which is thereafter dried first in the sun

and thereafter in shade for a certain length of time. Quillings are broken pieces and

splits of all grades of cinnamon quills. The feather like pieces of inner bark

consisting of shavings and small pieces of bark left over from the quill-making

process are called featherings. Cinnamon chips are obtained from rough unpeelable

Component Molecular
formula

Molar
mass
g/mol

Density
g/ml

Boiling
point oC

1 1,4-dimethyl benzene(p-xylene) C8H10 106.18 0.87 139.61

2 Styrene C8H8 104.15 0.903 145.159
3 benzene, 1,2,3-trimethyl C9H12 120.194 0.891 176.12
4 α-phellandrene C10H16 136.26 0.835 171.5

5 benzene,1-methyl-4-(1-
methylethyl)(p-cymene) C10H14 134.24 0.861 173.9

6 β-phellandrene C10H16 136.26 0.82 175

7 1,6-octadiene-3-ol,3,7-dimethyl
(linalool) C10H18O 154.25 0.859 198.5

8 benzenepropanal C9H10O 134.18 - -

9 3-cyclohexene-1-ol,4-methyl-1-
(1-methylethyl) (terpinen-4-ol) C10H18O 154.25 0.933 208.999

10 2-Propenal,3-phenyl
(cinnamaldehyde) C9H8O 132.16 1.034 246.8

11 cinnamaldehyde-E C9H8O 132.16 1.05 246.841
12 eugenol C10H12O2 164.22 1.067 255
13 caryophyllene C15H24 204.35 0.894 268.36
14 2-propen-1-ol-3-phenyl-, acetate

(cinnamyl acetate) C11H12O2 176.2 1.054 265

15 2-Propenal,3-(2-methoxyphenyl)-
(2-methoxy-cinnamaldehyde) C10H10O2 162.19 1.068 334.8

16 benzyl benzoate C14H12O2 212.248 1.128 324.1
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bark scraped off from thicker stems. The stems of the cinnamon produce mainly

“katta-Chips” or quills. Other by products are firewood, quillings and featherings.

Cinnamon leaf and bark oils are obtained by distilling the leaf and bark separately.

Figure 2.2: Flow diagram of cinnamon processing

2.2.2 Types of “katta-chips”

There are mainly two types of “katta-chips” available in the market called “mas

katta” and “wal katta”. wal katta is obtained from twigs and immature branches by

beating these parts and is greenish rather than brownish.  mas katta is obtained from

unpeelable cinnamon tree parts and matured branches. According to market detail

mas  katta  has  higher  demand  than  wal  katta  but  wal  katta  is  commonly  found

compared to the mas katta.

2.2.3 Cinnamon “katta-Chips” peeling process

Cinnamon plants  are  grown as  bushes.  When plants  are  two years  of  age,  they  are

ready for harvesting. The peelers can identify the cinnamon tree parts which cannot

be used to make cinnamon quills by their experience. Peeler selects main tree stem

for  cinnamon  quill  preparation  and  rest  of  the  tree  parts  such  as  twigs,  leaves  and

unpeelable cinnamon tree parts are left at the cinnamon yards. After that “katta-
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chips” peelers come to plantation and collect cinnamon tree parts (see Figure 2.3a)

which can be used to make “katta-chips”. Usually old people and school children get

involved in “katta-chips” peeling process (Figure 2.3b,c). The price range for “katta-

chips” in the local market is very low although the peeling process is time

consuming.

(a)                (b)

              (c)

Figure 2.3: (a) Collected cinnamon tree parts, (b) Katta peeling process, (c) Peeled

Katta

2.2.4 Drying and storage

Water content of peeled “katta-chips” is  more than half of its weight. Since price of

the  cinnamon “katta-chips”  mainly  depends  on  the  weight  and  availability  of  small

particles, the usual habit of “katta-chips” peelers is to store “katta-chips” in poly sack

immediately after peeling instead of drying them as village “katta-chips” collectors

deduct weight for water composition without investigating whether “katta-chips”
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peelers have dried them or not. Therefore peeled “katta-chips” remain in poly sacks

until village “katta-chips” collector come to peeler’s houses for buying. Therefore

storage time in poly sack at peeler’s house depend on the frequency of collecting by

village “katta-chips” collector. It may be one day or one week. The frequency of

collection varies due to many factors including the season of the year. During the

main season, collection is very frequent due to the availability.

Village “katta-chips” collectors examine the wetness of “katta-chips” by touching

and visual examination and dry them if they are not at the required dryness as

requested by the “katta-chips” traders. Cinnamon traders in towns, remove

unnecessary parts such as cinnamon leaves, wood pieces and sieve to remove dust.

Cleaned “katta-chips” are packed in poly sacks until they are sent to the cinnamon oil

producers for distillation.

2.2.5 Cinnamon oil extraction methods

This section describes main methods of cinnamon oil extraction and their

fundamental concepts. The choice of each extraction method lies on, sensitivity of

the  essential  oils  to  the  action  of  heat  and  water,  volatility  of  the  essential  oil  and

water solubility of the essential oil (Ravindran et al., 2004).

2.2.5.1 Steam distillation

Dried cinnamon bark is placed in still and the steam is allowed to pass through the

cinnamon bark under pressure which softens the cells and allows the bark oil to

escape in vapour form. The vapour produced is passed into a condenser and then it is

cooled. The mixture of water and cinnamon bark oil is left from the condenser and

separated into two layers in a separator. Proper temperature must be maintained

throughout the distillation process, and pressure, length of time, equipment, and

batch size are strictly monitored.
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2.2.5.2 Hydro distillation

Water or hydro distillation is one of the oldest and easiest methods being used for the

extraction of essential oils. In this method, the material is completely immersed in

water, which is boiled by applying heat using direct fire, steam jacket, closed steam

jacket, closed steam coil or open steam coil. One of the drawbacks of hydro

distillation is esterification due to the prolong action of hot water.

2.2.5.3 Solvent extraction

The dried cinnamon bark gets contacted with a solvent like ether, petroleum, hexane

or acetone and the soluble volatile organic compounds of the cinnamon bark dissolve

in the solvent. This is not considered the best method for extraction as the solvents

can leave a small amount of residue behind which could cause allergies and effect

the immune system.

2.2.5.4 Super critical CO2 extraction

This method can be introduced as a tool to overcome disadvantages of the traditional

essential oil extraction processes such and also can be used for applications where

high purity is required. CO2 is  the  most  common  super  critical  fluid  (SCF).  In  the

process of cinnamon bark oil production, super critical CO2 at 300-600 bar are used.

This method gives a higher yield (1.4%) than conventional distillation yield (0.5-

0.8%). However this method is more costly, due to high capital investment and

operational costs.

2.3 Essential Oil Analysis

Aromatic plants are generally referred to as essential oil yielding plants and have

volatile, odoriferous oils in special cells, glands or ducts located in different parts of

a plant, such as the leaves, barks, roots, flowers and fruits and sometimes in just one

or two parts. The oils are usually present in very small amounts and comprise only a

tiny fraction of the entire plant material. The oils are produced during some

metabolic processes of the plant and are secreted or excreted as odoriferous by-
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products. The fragrant oils may not necessarily be present as such in the living plants

but may occur as odourless compounds called glycosides. When the plant tissues are

macerated, an enzyme reaction occurs, these causes the glycosides to undergo a

chemical change. This action in turn liberates the distinctive essential oil

(Vishwambhar, 2013).

Essential oil can be analyzed in both qualitatively and quantitatively. The

information  given  by  such  analyses  are  very  useful  in  research  to  evaluate  the

performance and in economy it is the factor which determines the price of the

commodity.

2.3.1 Methods of oil analysis

The easiest and quickest way of qualitative analysis is the sensory evaluation, such as

the viscosity, colour, clarity and odour. Sensory evaluation can also be used as the

first identification of oil adulteration. Testing of physical parameters such as specific

gravity,  optical  rotation  and  refractive  index  can  be  used  to  reveal  any  adulteration

with a foreign substance in an oil sample. Apart from these basic methods, with the

introduction of new technologies of instrumentation, gas liquid chromatography

(GLC) has come to play a big role as it can be used to detect relatively minor

compounds in essential oil which cannot be detected from the classical methods such

as titration. By combining infrared (IR) spectroscopy and mass spectroscopy (MS) to

GLC more positive identification of compounds can be obtained (Ravindran et al.,

2004). GC could detect the major volatile organic compounds, but it is difficult to

detect the minor volatile organic compounds of the extracts that are present at low

levels. There are also limitations associated with mass spectrometry, including an

inability to distinguish closely related isomers due to very similar mass spectra,

compounds to be investigated are not present in spectra library and the computer

incorrectly choosing a compound based on a similar mass (Cai et al., 2006).

Moreover, a singular analytic method gives little information, and thus, the analysis

for herbal medicines does not completely reflect the quality of herbal medicines (Liu

et al., 2010). GC–MS has been proven to be a powerful and suitable tool for the

determination of volatile compounds because of its high separation efficiency and
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sensitive detection (Kopka, 2006). However, the essential oils are complex systems

with varying compositions, and the peaks are often overlapping or embedded, even

when the chromatographic/spectral conditions are optimized (Wang et al., 2010). As

in other studies, the essential oils of cinnamon were analyzed using high performance

liquid chromatography (HPLC), gas chromatography (GC) and gas chromatography–

mass spectrometry (GC–MS) (Jayaprakasha et al., 2002; Wang et al., 2005; Ding et

al., 2011; Geng et al., 2011).

2.3.2 Volatile organic compounds of cinnamon oil

Cinnamon yields mainly leaf and bark oils, which are used in perfumery and

flavouring. The major component of leaf oil is eugenol, while that of bark oil is

cinnamaldehyde. Volatile organic compounds do occur in other parts, including root

bark, fruits, flowers, twigs and branches. The volatile oil content in cinnamon bark

varies from 0.4 to 2.8% and leaves from 0.24–3.0%, depending on the location and

method of distillation (Angmor et al., 1972; Wijesekera, 1978; Rao et al., 1988

Krishnamoorthy et al., 1996; Raina et al., 2001).

The chemical composition of the essential oils in cinnamon has been studied by

different researchers. Analysis of cinnamon bark and leaf oils has been done by high-

pressure liquid chromatography (HPLC) and most important distinguishing feature is

the cinnamaldehyde (55-75%) and eugenol(5-18%) content in cinnamon bark oil

(Ross, 1976). Similarly, Senanayake, (1978) reported that the oil from the stem bark

of a commercial sample contained 75% cinnamaldehdyde, 5% cinnamyl acetate,

3.3% caryophyllene, 2.4% linalool and 2.2% eugenol, while camphor (56%) was the

major component of root bark oil with cineole, cu-terpineol, α-pinene, and limonene

also of importance. The principal component of leaf oil, namely, eugenol, varies

from 65 to 92%. Cinnamaldehyde is the major component in all the cases and is the

character-impact component in cinnamon bark, followed by cinnamyl acetate,

eugenol and 2-methoxy-cinnamaldehyde (Archer, 1988). Another analysis of

cinnamon bark volatile oil claimed the presence of 13 volatile organic compounds

accounting for 100% of the total amount and (E)-cinnamaldehyde was found as the

major component along with δ-cadinene (0.9%) (Singh, et al., 2007). The volatile
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compounds of cinnamon barks extracted using hydro distillation from three species

and seven habitats, were detected and identified by GC–MS and indicated that the

main compound in the volatile oils of nine samples was trans-cinnamaldehyde

(66.28–81.97%) (Li, et al., 2013).

Krishnamoorthy et al., (1988) observed variation in the bark oil content in plants

with purple leaf flushes (1.84%) and those with green flushes (1.43%). Various

researches have been carries out to investigate the chemical composition of the oil

obtained from cinnamon leaf (Singh, et al., 2007), buds (Jayaprakasha, 2002) and

stem (Senanayake, et al., 1978). The volatile oil from the stem bark of Madagascan

origin was rich in eugenol (Medici et al., 1992). Krishnamoorthy et al., (1996)

reported 2.7–2.8% volatile oil was contained with 58-68% cinnamaldehyde content

in the bark and 75-78% eugenol in the leaves of the cinnamon varieties Navashree

and Nithyasree.  Several chemotypes of C. zeylanicum have been reported, based on

the chemical composition of leaf oil. Guenther, (1953) and Rao et al., (1988)

reported two chemical races of C. zeylanicum from Bubhaneshwar, India, one rich in

eugenol (83.1-88.6%) and the other dominated by benzyl benzoate (63.6-66.0%).

Another  chemotype  with  85.7%  linalool  in  leaf  oil  was  reported  by  Jirovetz  et  al.,

(2001). Nath et al., (1996) recorded a chemotype of C. verum with 84.7% benzyl

benzoate in bark oil and 65.4% benzyl benzoate in leaf oil from the Brahmaputra

Valley, India. Two chemotypes of C. verum from Brazil were reported by Koketsu et

al., (1997); one rich in eugenol (94.14-95.09%) and the other predominated by

eugenol and safrole (with 55.08-58.66% eugenol and 29.57-39.52% safrole,

respectively). According to Variyar and Bandyopadhyay, (1989), eugenol type is the

most commonly occurring chemical race of C. verum.  Higher  oil  content  was

reported in cinnamon leaf from Hyderabad (4.7%) compared with that from

Bangalore (1.8%) (Mallavarapu et al., 1995). The two oils were of eugenol type and

differed with respect to the relative amounts of linalool, cinnamaldehyde, cinnamyl

alcohol, cinnamyl acetate and benzyl benzoate. The essential oil of the leaves of C.

zeylanicum from Cameroon contained eugenol (85.2%), (E)-cinnamaldehyde (4.9%),

linalool (2.8%) and b-caryophyllene (1.8%) (Jirovetz et al., 1998). The oils from the

leaves and bark of C. zeylanicum from Madagascar contained cinnamaldehyde and
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camphor as the major volatile organic compounds (Chalchat and Valade, 2000). The

leaf oil from Little Andaman Island contained 47 detectable constituents,

representing 99.96% of the oil. The main constituents were eugenol (76.60%),

linalool (8.5%), piperitone (3.31%), eugenyl acetate (2.74%) and cinnamyl acetate

(2.59%) (Raina et al., 2001). The leaves harvested in summer gave the highest oil

recovery (1.84%) and eugenol content (83%), whereas in the rainy season, the

concentration of esters, namely, eugenyl acetate and benzyl benzoate, were

comparatively higher (Kaul et al., 1996). Cinnamon leaves affected by leaf spot

disease yielded less oil (1.2%), but the eugenol content was unaffected (Kaul et al.,

1998). Rao et al., 2006 reported that the essential oil content (1.9–2.2%) and the

chemical composition of C. verum leaves were not affected by storage up to a period

of 15 months.

Kaul et al., (2003) analysed essential oil profiles of various parts of cinnamon. The

oil yields of different plant parts were: 0.40% in tender twigs; 0.36% in the pedicels

of buds and flowers; 0.04% in buds and flowers; 0.33% in the pedicels of fruits; and

0.32% in fruits. The tender twig oil was richer in α-phellandrene (3.4%), limonene

(1.6%) and (E)-cinnamaldehyde (4%). The volatile oils from pedicels were richer in

(E)-cinnamyl acetate (58.1–64.5%), β-caryophyllene (9.6–11.1%) and neryl acetate

(1.4–2.0%). Higher amounts of (Z)- cinnamyl acetate (6.1%), α-humulene (2.2%),δ-

cadinene (2.2%), humulene epoxide I (5%), α-muurolol (4.9%) and α-cadinol (2.4%)

were observed in the oil of buds and flowers. However, all the oils contained linalool

(3.6–27.4%), (E)-cinnamyl acetate (22.0–64.5%) and β-caryophyllene (6.9–11.1%)

as their major compounds.

Bernard et al., (1989) studied the composition of volatiles from C. zeylanicum bark

by  two  methods,  namely,  direct  distillation  and  extraction  using  TTE  (1,1,2-

trichloro- 1,2,2-trifluoroethane) followed by hydro distillation. Both methods were

comparable, yielding 0.98–1.1% volatile oil. However, compositional differences

were observed in both the oils. The TTE extract had a higher cinnamaldehyde

content (84.1%) compared with the direct hydro distilled oil (75%). α-Pinene, 1,8-

cineole and p-cymene, which were present in minor amounts in the hydro distilled
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oil, were absent in the TTE product. There was less linalool, β-caryophyllene and

cinnamyl acetate in the oil obtained by the TTE method compared with the direct

distillation method.

2.3.3 Effect of the drying on the volatile organic compounds of essential oil

Drying is commonly employed in preparing spices for market, as some spices can

contain up to 75-80% water, and water levels need to be lowered to less than 15%. In

the countryside, the household method of drying in the shade, or in well-ventilated

rooms is still in use today, but industrial-scale drying is carried out in convection

ovens. Drying of spices inhibits microorganism growth and forestalls certain

biochemical  changes;  but  at  the  same  time  it  can  give  rise  to  other  alterations  that

affect spice quality, such as changes in appearance and alterations in aroma caused

by losses in volatiles or the formation of new volatiles as a result of oxidation

reactions, esterification reactions, etc (Diaz-Maroto, et al.,2002c).

Changes taking place in the volatile compounds present in spices and other plants

have been studied by different workers who have shown that the changes depend on

several factors: primarily the drying method and the biological characteristics of the

plant concerned. Reductions in the total quantities of essential oils have been

reported, amounting to 36-45% in sweet basil, 23-33% in marjoram, and 6-17% in

oregano during drying at ambient temperature (Nykanen and Nykanen, 1987).

Conventionally, low drying temperatures between 30 °C and 50 °C are recommended

to protect sensitive active ingredients for drying of medicinal plants, but the

decelerated drying process causes a low capacity of drying installations (Muller and

Heindl, 2006).

Drying in a convection oven also produces losses in volatiles, with the losses varying

according to the drying temperature and drying time employed (Raghavan, et al.,

1994a; Venskutonis, 1997). Increases in the quantities of certain compounds

normally present in the spice (Baritaux, et al., 1992; Yousif, et al., 1999; Bartley &

Jacobs, 2000) or formation of new compounds have in some cases been observed

after drying, probably as a consequence of oxidation reactions, hydrolysis of
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glycosylated forms, or the release of substances following the rupture of cell walls

(Huopalahti, et al., 1985).

Accordingly, processing (grinding, drying, etc.) not only brings about a reduction in

overall spice aroma but may also result in qualitative changes by giving rise to a

secondary aroma in addition to the original aroma of the fresh plant.

Prematilake, et al., (1997) has studied the effect of the drying time of fillings on the

quality of cinnamon quills. High quality quills and the bark oils extracted from them

with more aroma and flavor constituents can be prepared by making the quills with

4-5 day dried fillings.

The effect of the drying methods: oven-drying at 45°C, air-drying at ambient

temperature, and freeze-drying on the volatile compounds was evaluated for Bay

Leaf (Laurus nobilis L.) (Diaz-Moroto, et al., 2002a); Spearmint (Mentha spicata L.)

(Diaz-Moroto, et al., 2002b); and parsley (Petroselinum crispum L.) (Diaz-Moroto, et

al., 2002c). Air drying at ambient temperature resulted in few losses in volatile

compounds compared with the fresh herb, whereas oven drying at 45 °C and freeze-

drying caused a decrease in the concentrations of the majority of the volatile organic

compounds.

Using freeze-drying as the drying treatment has been reported to result in changes

that are less pronounced, and the spice has been observed to retain features that are

closer to the characteristic appearance and aroma of the fresh plant (Raghavan, et al.,

1994a; Paakkonen, et al., 1989; Venskutonis, et al., 1996).

The  effect  of  a  particular  drying  method  on  the  release  or  retention  of  volatile

compounds is not predictable and depends on the compound and the spice concerned.

Oven-drying and freeze-drying of dill herbs lead to decrease in most of the volatile

compounds compared with the levels in the fresh spice (Huopalahti, et al., 1985;

Raghavan, et al., 1994a). The same occurs in parsley (Diaz-Moroto, et al., 2002c). In

contrast, the effect of oven drying at 30 °C and freeze-drying on the volatile
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compounds in thyme and sage has been minor, whereas losses at 60 °C were 43% in

thyme and 31% in sage (Venskutonis, 1997).

Microwave-drying produced greater losses in volatile compounds than oven-drying

in rosemary, although it did preserve the spice’s characteristic green color

(Jaganmohan, et al., 1998). Likewise, freeze-drying preserves the characteristic

appearance of the fresh product (Yousif, et al., 2000), although causing substantial

losses  to  certain  volatiles  in  the  cases  of  parsley  and  bay  leaf  (Diaz-Moroto,  et  al.,

2002a; Diaz-Moroto, et al., 2002c), whereas shade-drying of spearmint leaves has

resulted in a product with a good green color and few losses of volatiles (Raghavan,

et al., 1994b).

On the other hand, certain compounds normally present have been observed to

increase in different spices after drying, for example, eugenol in bay leaf (Diaz-

Moroto, et al., 2002a), thymol in thyme (Venskutonis, 1997), and some

sesquiterpenes in different spices (Baritaux, et al., 1992; Raghavan, et al., 1994a;

Yousif, et al., 1999; Bartley & Jacobs, 2000; Jerkovic, et al., 2001).

The method used to extract and analyze the volatiles can also influence the results.

The traditional method of extracting essential oils from plants, steam distillation,

primarily collects the most volatile organic compounds, whereas solvent-based

extraction methods are capable of extracting substances spanning a broader range of

volatilities, depending on the solvent employed.

Simultaneous distillation extraction (SDE) has been widely used in analyzing the

volatiles of herbs and plants. Supercritical fluid extraction (SFE) offers an advantage

over SDE, in that the substances extracted can be altered by making minor variations

in the pressure and temperature conditions of the extraction fluid (Reverchon, 1997).

In  owers  of  Roman  chamomile  (Chamaemelum nobile L. All.  var.  ora  plena),  it

was found that drying methods had no effect on the number of chemical components

of  the  essential  oil,  but  had  a  signicant  effect  on  the  proportion  of  the  various

components in sun-drying, shade-drying and oven-drying at 40 °C (Omidbaigi, et al.,
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2004). However, in Felicia muricata leaves, chemical composition in leaves were

affected by the drying method and total of 38,40,33 and 30 volatile organic

compounds has been identified in the oils of fresh, air dried, sun dried and oven dried

samples (Ashafa and Grierson, 2008). Drying at 45ºC was found as the best

condition based on the changes of essential oil and color during drying and storage

for tarragon (Artemisia dracunculusL.) (Hosseini, et al., 2011).

There were significant chemical alterations in the major volatile organic compounds

of the essential oils obtained from Helichrysumodoratissimum plant using different

methods of drying (Asekun, et al., 2007).

Studies conducted to investigate the effect of different temperatures in the oils of

sweet wormwood (Artemisia annuaL.) indicate that the drying temperature has a

significant effect on volatile organic compounds, as when the temperature was

increased, the monoterpenes content was gradually decreased and vice versa for

sesquiterpenes. (Khangholi and Rezaeinodehi, 2008).

2.4 Statistical Analysis of the Effect of the Drying Using SPSS

Statistics is a mathematical tool for quantitative analysis of data and it has been used

by different researchers for analyzing the data to find out the effect of the drying for

volatile compounds present in spices and other plants.

Powerful  statistical  software  (Minitab,  SAS,  STAT,  IBM  SPSS  Statistics,  Stata,

STATISTICA and etc.) has been developed that allows for thorough calculations on

large data sets that would be impossible to perform manually. Some of the available

methods are complex and difficult to apply, while others can easily and successfully

be employed by researchers without a strong statistical background (Ho, 2006).

Ruse, et al., (2007) reported that the effect of pre-treatment methods (perforation,

halving and steam-blanching) and drying conditions on the composition of volatile

compounds in cranberries. A three-way ANOVA analysis using IBM SPSS 20.0 was

selected to investigate factor effects (volatile compound, cultivar and drying method)

and interactions among them.
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Li,  et  al.,  (2013) showed that the nine samples of cinnamon bark can be effectively

identified and evaluated using principal component analysis. Load factor analysis

revealed that the differences in the volatile compounds of the nine samples were

mainly reflected in the aldehyde, alcohol, alkane and eugenol contents.

Principal  component  analysis  (PCA)  and  the  Student-Newman-Keuls  test  (SPSS,

Program 2000) were used to assess the significance of the differences among the

various drying methods for Bay Leaf (Laurus nobilis L.)  (Diaz-Moroto,  et  al.,

2002a); Spearmint (Mentha spicata L.) (Diaz-Moroto, et al., 2002b); and parsley

(Petroselinum crispum L.) (Diaz-Moroto, et al., 2002c). Oven drying at 45 °C and

air-drying at ambient temperature produced quite similar results and caused hardly

any loss in volatiles as compared to the fresh herb, whereas freezing and freeze-

drying brought about substantial losses.

The leaves of lemongrass (Cymbopogon citratus) were dried using three different

drying methods and statistical analysis was carried out using the Least Significant

Difference (LSD) test at 0.05%. Oven drying at 45 °C gave the highest essential oil

percentage (2.45%) compared to shade-drying (2.12%) and sun-drying methods

(2.10%) (Hanna, et al., 2007).

Mercer, 2012 investigated and compared the kinetics of mango drying using three

elevated temperatures in an Armfield Model UOP8 laboratory-scale tray dryer.

Analysis  of  variance  (ANOVA)  and  Duncan  test  using  SPSS  19.0.0  (IBM  SPSS

Statistics, Chicago, Illinois, USA) was performed to determine the differences in

temperatures. Even though the curves at 44 °C and 50 °C were not statistically

different  (p  =  0.05),  a  significant  difference  (at  p=0.05)  was  observed  between  the

curves at 50 °C and 60 °C.
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