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ABSTRACT

The effect of drying on the essential oil (EO) ddoents and yield in Viethamese
Coriander Persicaria odorataLour.), which is one of the typical flavours foréthamese
cuisine, was studied.

Essential oil from fresh samples was compared tdrB@ double-pass solar-energy
dryer and electric dryer. In the solar dryer, vk airflow powered by photovoltaic panel,
the leaves were dried for 8 hours and the temperatinged 35-63°C; drying time in the
electric dryer was set to 24 hours at 40°C. Duédbeginning of rainy season the drying
performance of the solar dryer varied strongly dejreg on the actual weather conditions.
Final moisture content of the product reached bgrsdrying was in the average 16.11%
(w.b.) while in the electric dryer 17.08% (w.b.) suaeached. The essential oil of the fresh
and dried leaves was isolated by hydrodistillatismg modified Clevenger apparatus. The
EO yield was higher from the fresh samples beifil@%6 (w/w) while the yield from
dried samples was slightly lower being 0.030 ar@2®% (w/w) for solar and electric
dryer, respectively.

Refrigerated samples were transported from Vietnanihe Czech Republic and
analysed by capillary gas chromatography and gesvatography—mass spectrometry. In
all samples, out of 24 constituents detected, 18 widentified presenting in average
96.15%. The main compound of the essential oil @i RFam was-dodecanal followed by
decanal, dodecanol, decanol, bergamoterfeymulene and undecanal. Out of the named
main constituents drying had mild but statisticalignificant effect on four components —
n-dodecanal, dodecanol, decanol, undecanal. The/ssalproved notable difference in
chemical composition between the two drying metharats fresh leaves. The difference in
chemical composition was more remarkable when faeshdried samples were compared.

Generally solar drying was found suitable for dgywf Persicaria odoratawith the
positive fact, that in some aspects it had everdenilinfluence on EO quality and

composition than drying in electric dryer.

Keywords: Persicaria odoratalLour.; Viethnamese coriander; Rau ram; solar drying
essential oil; GC-FID; GC-MS; Vietnam



ABSTRAKT

Byl zkouman vliv susSeni na slozZeni silice Rau rgPersicaria odorata_our.), ktery
je jednim z charakteristickych t@ni vietnamské kuchyn

Silice zc¢erstvych vzorl byly porovnavany se silicemi ze solarni gkigis dvojitym
prichodem vzduchu a suy elektrické. V solarni su&te, ve které byl vzduch poh#in
energii z fotovoltaického panelu, byly listy suSéhlgodin za teploty 35-63°C; v elektrické
sustce byl ¢as suseni nastaven na 24 hodin a teplota na 40/l 2Z&¢inajicimu obdobi
de¥i se vysledky dosazené solarni 8k8u vyrazi liSily v zavislosti na aktualnich
powetrnostnich podminkach. Koérea vihkost produktu suseného v solarni &eSidosahla
pramérné hodnoty 16,11%, zatimco v elektrické &osi 17,08%. Silice &erstvych i
susenych vzork byly extrahovany pomoci vodni destilace za pou@itévengerova
aparatu. Vyizek silic byl vySsi werstvych vzork, kde dosahoval 0.040%, kdeZto ususené
vzorky vykazovaly miré nizSi obsah, ktery dosahoval hodnot 0,030% u sitiarsusSeni a
0,025% u susSeni v elektrické sica.

Zchlazené vzorky byly ievezeny z Vietnamu ddCeské republiky, kde byly
analyzovany pomoci plynové chromatografie a hmadtriospektrometrie. Ve vSech
vzorcich bylo z 24 zjighych latek ukeno 18, coZ jfedstavuje v pmméru 96,15%.
Hlavnimi latkami identifikovanymi v silici Rau ramibyl n-dodecanal, dale decanal,
dodecanol, decanol, bergamoternehumulene a undecanal. SuSenélonmirny, ale
statisticky prokazatelny efekt iéyfi latky - n-dodecanal, dodecanol, decanol, undecanal.
Analyzami byly prokazany patrné Zny v chemickém slozeni obzvitagii porovnavani
cerstvych a suSenych vzdark

Obecrg mizemetfici, Zze solarni suSeni je pRersicaria odoratavhodné a Ze navic
v nékterych aspektech &o na kvalitu a slozeni silice dokonce n#gi vliv nez suSeni

v elektrické susgice.

Kli¢ova slova:Persicaria odoratalLour.; Rau ram; solarni suseni; silice; GC-FID;
GC-MS; Vietnam



PREFACE

Vietnamese cuisine is, in fact, based on originedtumes of herbs giving the meal
typical and unique flavour. And Rau ram is oneedlhy typical herbs being used mostly
with poultry and fish. Usually it is used fresh amal be honest, it is rare to hear of using
dried Rau ram.

But people in developed countries often like exotitsine; they also try to have their
dishes as authentic as possible. So they are comglever increasing amounts of fresh,
frozen, processed and dried culinary herbs andespand this trend appears to be here to
stay. There is a pressure from expanding ethnialptipns demanding ingredients they
are used to from their homelands. But the questipiAre we able to produce the herbs
indigenous in the tropics in acceptable quantitg goality within the temperate zone?”
We guess not, and so suitable process of in sibeegsing of these herbs is to be
discovered.

Drying is one of the oldest forms of food presevaimethods known to man and is
the most important process for preserving foodesihtas a great effect on the quality of
the dried products. The major objective in dryimgieultural products is the reduction of
the moisture content to a level which allows safeagje over an extended period. Also, it
brings about substantial reduction in weight anldme (Akpinar et al., 2006).

In recent times, energy demand has increased dagplosive growth of the world
population, together with the increasing cost afvamtional energy resources. Therefore,
the need of the hour is development of low cosarsdityers (Tiwari et al., 1994).

Searching for methods of drying crops that consless energy is also caused by
increased costs during the past decade for fassl$ used for drying crops (Abu-Hamdeh,
2003).

The most common system of drying crops in Thua fHtee province is sun drying
on the concrete patios or plastic sheets or sirmplythe road. Using solar dryer would
bring higher product quality, less spoilage ancelarating the process.

If dried Rau ram was accepted by consumers, driedust from double-pass solar-
energy dryer could become valuable source of inctoméhe people in Thua Thien-Hue

province.

Vi
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1. INTRODUCTION

1.1  Vietnamese culinary herbs

Vietnamese cuisine has couple essential ingred@ntghich meat, rice or noodles
and herbs are the most important. In fact, spicegjaite rare and mostly are replaced by
many kinds of herbs. Viethamese people prefer comain@iood, which means it is

prepared at the table together and usually onleeoplates is full of mixture of fresh herbs.

The examples of the most common herbs used in &fietare as follows:

Coriander Coriandrum sativurmfam. Apiacea¢

Coriander leaves (also called coriander greenpapeilar over the most part of Asia.
The heartland of coriander leaf usage in South Esist, however, is Vietham. Particularly
in South Vietham, chopped coriander leaves appeateaorations on nearly every dish
(sometimes combined with or substituted by pepperon Rau ram) (GKSP, 2007).

The main compound of the seeds, which are usedgias, gs linalool. Coriander
seeds also stimulate enteric activity, though heyused in folk medicine as carminative
and stomachic (Valek et al., 2002).

Spearmin{Mentha spicatafam.Lamiaceag
Spearmint has a distinct mint aroma and pleasupig filavour that is not pungent,
warm or too antiseptic (RIRDC, 2001).

Basil (Ocimum sp fam.Lamiaceag

Basil is one of the most pleasant spices, and pedisable for several Mediterranean
cuisines. The sweet and aromatic fragrance is edfyepopular in Italy, but also often
used in Vietnam (GKSP, 2007). Vi&k et al. (2002) mentions the main producers being
Mediterranean, USA, Madagascar, India and Thaildmiing leaves contain about 1,5%
of essential oil with it's main constituents metthavicol and linool. Leaves are used both
fresh and dried (Valek et al., 2002).



Perilla(Perilla frutescensfam.Lamiaceag

Aromatic but difficult to describe; the fragranaaminds of cinnamon and anise or
licorice. The taste is similar, but with a markedri;mgent component. Leaves are, among
other herbs, frequently served as a fragrant dartosnoodle soups and spring rolls
(GKSP, 2007). Vatiek et al., (2002) notices in East Asian cuisinengpshoots and seeds
are used as spice for rice, noodles and drinkeflang.

Chameleon planHouttuynia cordatafam. Saururaceag

The Vietnamese name of the plant is diep cép[dia], which is probably to be
understood as “lettuce (smelling like) fish” (GKSE)07). According to Vatek et al.
(2002) it comes from Himalaya where it is widelyedsn folk medicine as well as cooked

leaves are eaten as a side-dish.

Piper sarmentosurRoxb. fam Piperaceae

This plant is used much in Vietnamese cuisine dstlawhile no English name is
known. It is also very common in Thailand for cossiflavouring and is grown in many
homegardens and crop plantations. Fresh leavess#rmentosurare used to improve the
flavour and smell of soups. Moreover, the leaves generally eaten as vegetable
(Chaveerach et al., 2006).

Lemongras¢Cymbopogon citratysam.Poaceag

Viethamese cookery makes use of lemongrass inraewgays. A popular
Vietnamese meal is bo nhung dam, often translaiedefar beef” or “Viethamese
fondue”. At the table, each diner boils thin slicsbeef in a vinegar-flavoured broth
containing ample lemongrass. The beef is then thegevith fresh vegetables and herbs
(coriander, mint and Rau ram), wrapped in rice pape eaten with spicy sauces based on
fish sauce, lime juice, peanuts and chillies. Tigsipe demonstrates the Vietnamese
preference for communal foods (prepared togethéneatable), for wrapped bits of food
and for fresh herbs. Lemongrass is also used fetndmese curries, see rice paddy herb
(GKSP, 2007).

The lemongrass is a plant of wide applicationemreparations and its essential oll

is used in perfume, food and pharmaceutical indess{Peisino et al., 2005).



1.2  Characterization of PERSICARIA ODORATA (Rau ram)

Persicaria odoratabelongs to familyPolygonaceaeSynonym ofPersicaria odorata
is Polygonum odoratunmour. We should also mention vernacular names as Rm

(Vietnam), Viethamese coriander (En).

1.2.1 Botanical characteristics

In popular horticulture handbooks confusion betwé&rsicaria odorataand P.
Hydropiper (L.) Spach (synonymPolygonum hydropipet.) is common. The synonym
Polygonum odoratuns occasionally confused witolygonatum odoratur(Mill.) Druce

(Liliaceag (de Guzman and Siemonsma, 1999).

Fig.1.1.Persicaria odorata

Source:de Guzman and Siemonsma, 1999

1.2.2 Origin

Rau ram (Fig. 1.1) is native to and is cultivatedimty in Indo-China. Since the
1960s its cultivation has spread with Vietnamesgramts, mainly to Australia, the
Philippines and the United States (de Guzman amoh&@isma, 1999).



In addition to China, P. odoratum grows through@sta including Vietnam and
Thailand where it is known as Pak pai or Vietnanmas# (Rafi and Vastano, 2007).

1.2.3 Uses

Rau ram is one of those herbs that give Vietnantagne its unique flavour. The
leaves are used both fresh and cooked; wheredsdaesbe found especially in salads and
also they are eaten as part of Vietnamese specialiyd Trung long, which in fact is an
incubated duck egg. Cooked leaves are mainly eatbrfish and chicken dishes, but also
can be used with shellfish, turtle or frog meals.

It imparts a flavour reminiscent of lemon and coder leaves with a slight radish-
like pungent aftertaste. The flavour is destroygdololonged cooking. A few shoots of
Rau ram and water dropworO¢nathe javanicaBlume) DC.) are often added when
preparing cabbage preserved in brine (like sauetkraAlthough relished by the
Vietnamese, the flavour of Rau Ram is not univéysadmired, though it is liked by some
people who do not appreciate the taste of corialedees.

Medicinally the leaves are used as a diuretic, atdne, febrifuge and anti-
aphrodisiac. Externally the crushed leaves areieglgainst fever, vomiting, ringworm
and phagedaena. Juice prepared from the crusheeslés taken as an antidote against
poisonous snake bite and the bite is covered byrékelue of the leaves. In Vietnam
pregnant women avoid the use of Rau ram, sincé fleves seem to have abortifacient

properties (de Guzman and Siemonsma, 1999).

1.2.4 Properties

The nutritional value of Rau ram is unknown. Thavies contain a yellowish
essential oil, consisting mainly of alkane aldelsyd@rimane sesquiterpenoids, which are
under investigation for their antifungal and antii@ogenic properties, are present in some
PersicariaandPolygonumspecies, but have not been foundPirodorata(de Guzman and

Siemonsma, 1999).

The roots of Rau ram have been used for a variéttherapeutic purposes in

traditional Chinese medicine. It has been used @side medicinal agent in the treatment



of analeptic and as a nutritious tonic in Affa.odoratums a weed that grows throughout
the southern United States and is commonly usea esndimentP. odoratumalcohol
extracts have been used as an immunopotentiatoniad injured by burns (Rafi and
Vastano 2007).

1.2.5 Adulterations and substitutes

Besides coriander leaves, leaves Hfyngium foetidumL., known as sawtooth
coriander or “Mexican coriander”, are used as astulte (de Guzman and Siemonsma,
1999).

1.2.6 Further description

It is a short-lived perennial, fragrant herb, soratvglandular in all parts. Stem
ascending, 30-35cm tall, 2-3mm in diameter, redpged; base trailing and forming roots
at all nodes, much thicker than upright part. Lesaakernate; ocrea membranous, short, up
to quarter of the length of the internode, looslyeloping the stem, parallel veined, each
vein culminating at apex in a long silky hair, wgbhme glandular dots in horizontal lines;
petiole attached to basal part of ocrea; bladeaesnanceolate to ovate-lanceolate, base
attenuate, apex acuminate or obtuse, green, marikieded, margins and veins, especially
the midrib, with appressed, fairly long hairs. tméscence an axillary, long, many-
flowered, narrow spike, single or in pairs or irs@all cluster; bracts long and funnel-
shaped, with long hairs on margins; flowers hermaghie; perianth pentamerous, white to
purplish-pink, persistent in fruit; stamens 8; e$yl3. Fruit triangular, 1,5mm long,
acuminate and both ends, smoth and shiny.

In Vietnam and Philippines flowering is profuse asi@rts in the first year. In
Vietnam flowering occurs in August-September andtifig in September-October (de

Guzman and Siemonsma, 1999).

1.2.7 Ecology
Rau ram requires warm and humid growing conditidright frost isi probably

tolerated. It grows best under partial shade, bllistinlight is tolerated if ample moisture



is available. In Vietnam it can be grown and hatesyear-round, but it grows best in
spring. In cold and dry winters in northern Vietndmay wither away. Fertile soils with

adequate soil moisture are essential for optimadyction. Under drier conditions, the
stem base becomes woody and the leaves turn ysho(@ie Guzman and Siemonsma,
1999).

1.2.8 Propagation and planting

Rau ram is usually and easily propagated by stettnga with 4-6 internodes (8-
10cm long) taken from the top of mature stems. &rae planted obliquely 5-6cm apart
with a row spacing of 10-15cm in raised beds dftligvell-manured soil and are watered
well. Under warm and humid conditions cuttings tstaoting after 3-5 days and growing
after about a week. They are planted out in tHd ¢ a spacing of about 20cm x 20cm. In
lowland Vietnam cuttings are sometimes plantedctlyein well-prepared and manured
rice fields.

Rau ram can be rejuvenated by cutting back thesstde Guzman and Siemonsma,
1999).

1.2.9 Diseases and pests

Occasional damage to Rau ram from diseases anslipesported from Vietham, but
the casual agents are not known. In the UniteceStaingal diseases and slugs sometimes
affect Rau ram. Providing more sunlight can reddaemage. Caterpillars are the main
problem in the Philippines (de Guzman and Siemon49@0).

1.2.10 Harvesting, Yield and Handling after harvest

The first harvest of Rau ram is taken when plants @early two months old;
subsequent harvests are every 12-15 days in Vietirarhome gardens the leaves are
picked when required. In commercial plantings wholfes are harvested.

Under very intensive cultivation in small marketdgns yield of fresh tops of Rau

ram may reach 1,3t/ha per harvest or about 15&hagqar.



Leaves of Rau ram should be kept cool and moistdmtain their fresh appearance
(de Guzman and Siemonsma, 1999).

1.2.11 Genetic resources and breeding
It is unlikely that germplasm collections of Raumrare being maintained and there

are no breeding programs (de Guzman and Siemori€98).

1.2.12 Prospects

Migration of Vietnamese people has greatly incrdasterest in Viethamese cuisine
in many countries, which will be a strong incentiveincrease production of Rau ram. As
people become more familiar with this flavour, Ram may become an alternative for
coriander leaves, as many who do not like coriarfaiel the taste of Rau ram more

acceptable (de Guzman and Siemonsma, 1999).



1.3 Essential oil

Every essential oil is basically a mixture of diffieat components / compounds. The
percentage of these constituents in the oil playsmgortant part in determining its quality
(Ahmed, 2005).

Essential oils are formed in special cells or geoapcells; and are generally found to
predominate in one particular part or organ, sicleaves, flower calyces, fruit, roots, etc.
These natural products are still used as raw nadgen many fields, including perfumes,
cosmetics, aromatherapy and phytotherapy, spicéspatrition (Lahlou, 2004).

Crop and Food Research (2007) characterized esbkeit$i as natural plant products
which accumulate in specialized structures suabila=lls, glandular trichomes, and oil or
resin ducts. Chemically, the essential oils aremarily composed of mono- and
sesquiterpenes and aromatic polypropanoids syattgksiia the mevalonic acid pathway
for terpenes and the shikimic acid pathway for aterpolypropanoids.

Essential oils are products, generally of rathenglex composition comprising the
volatile principles contained in the plants, andenor less modified during the preparation
processes. They are also considered as complexinedxof various aroma chemicals. So,
each of these constituents contributes to the malefor adverse effects of these

compounds. Synergistic as well as antagonistioastare observed (Lahlou, 2004).

1.3.1 History

The essential oils which were regularly used inemdrome, Greece, and Egypt and
throughout the Middle and Far East had, as a comieatare, the essence of a plant; an
identifiable aroma, flavour, or other charactecidtiat was of some practical use. They
were used as perfumes, food flavours, deodorartarnmceuticals, and embalming
antiseptics. Usually, plant material was steepedl figiity oil or wine that acted as a solvent
for the desired flavour or aroma. The extracts dllgumpure and dilute) were used as oils
or creams (CFR, 2007).

The quality and price of some oils are based onp#ireentage content of a single
chemical component, so separation and measurenigntigidual components is very
important. This is usually done using some forntlmfomatography; the most powerful is

gas chromatography using capillary columns (CFR,720



1.3.2 Essential oil production

The original approach involved collecting plantsonfr wild populations and
extracting oils for local use. Cheap manual lalmfyreasant or native workers was used.

The second approach is today's intensive croppiudgsiry used in agriculturally
"developed" countries. It uses all of the moderrthoes of mechanization and crop and
financial management. Selections for high yieldghhguality oil, and good agronomic
features have greatly improved crop performance.

A third approach is still at the research stagéifidial cultures of plant cells of a few
species can produce some of the chemical compaimatischaracterize an essential oil.
Attempts are being made to find and establish pigiducing lines of cells, using genetic
manipulation together with tissue culture and kijaulture engineering. This system will
probably produce single components rather thamaptaie essential oil. This is also true
of production by synthetic chemical engineering akthis now common for components
used in cheaper products (CFR, 2007).

The essential oils from aromatic plants are for st part volatile and thus, lend
themselves to several methods of extraction suchydsodistillation, water and steam
distillation, direct steam distillation, and soltemhe specific extraction method employed
is dependent upon the plant material to be didtibed the desired end-product. The
essential oils which impart the distinctive aroma® complex mixtures of organic
constituents, some of which being less stable, omragergo chemical alterations when
subjected to high temperatures. In this case, @garvent extraction is required to ensure
no decomposition or changes have occurred whicHdnalter the aroma and fragrance of
the end-product. Newer methods of essential oraekibn such as using supercritical £0O
which yield very high quality oils are commerciallged, but are less common and beyond
the financial means of most processors (CFR, 2007).

The recovery of non-volatile essential oils is atdmtained by solvent extraction
although the process is more difficult and complen the recovery of the volatiles. This
process yields an aromatic resinous product knownam oleoresin, which is more
concentrated than an essential oil and which hds @application in the food industry (PU,
1990).



As a general rule, any essential oil should first tbeated to remove metallic
impurities, freed from moisture and clarified, atiebn be stored in well-filled, tightly
closed containers, at low temperature and protdobed light (Ahmed, 2005).

It is also clear that only a detailed knowledgetlod mechanism of their action
contributes to give more consideration of such coumgls, and then it will lead to a proper

use in different domains of application (Lahloup2pn
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1.4 Distillation

Distillation may be characterized as a processhithva liquid or vapour mixture of
two or more substances is separated into its coemdractions of desired purity, by the
application and removal of heat.

It is based on the fact that the vapour of a bgilmixture will be richer in the
components that have lower boiling points. Themfarhen this vapour is cooled and
condensed, the condensate will contain more velatimponents. At the same time, the
original mixture will contain more of the less vbla material.

It is also to be mentioned that:
e distillation is the most common separation techaiqu
e it consumes enormous amounts of energy, both mstesf cooling and
heating requirements
e it can contribute to more than 50% of plant operatiosts
(NU, 1997)

Distillation accounts for the major share of essgmils being produced today. The
choice of a particular process for the extractibessential oil is generally dictated by the
following considerations:

a) Sensitivity of the essential oils to the actodineat and water.

b) Volatility of the essential oil.

c) Water solubility of the essential oil.

As most of the essential oils of commerce are stealatile, reasonably stable to
action of heat and practically insoluble in watembe are suitable for processing by
distillation.

1. Water or hydro distillation

2. Steam cum water distillation

3. Steam distillation (Ahmed, 2005)

Water / Hydro distillation

Water or hydro distillation is one of the oldestdagasiest methods being used for the
extraction of essential oils. In this method thenplmaterial is fully dipped in the water.

In literature (Ahmed, 2005) there is mentioned imfiive method based on this principle:
In the Bhapka method the distillation still is maafecopper. The still is fitted on brick

11



furnace and the plant material is filled in thedl sthd entirely covered with water to the
top. Another copper vessel with a long neck is gdlam a water tank or natural pond to
serve as condenser. A bamboo pipe is used to cbtireegapour line and mud is used to
seal the various joints. The oil vapour along véteam is condensed in the copper vessel
and is separated. But this process suffers fromwsedrawbacks such as:

1. As the plant material near the bottom wallshef $till comes in direct contact with
the fire from furnace, there is a likelihood of gstting charred and thus imparting
an objectionable odour (burning note) to the esslenit.

2. Prolong action of hot water can cause hydrolygdisome constituents of the
essential oils such as ester, etc.

3. The process is slow and the distillation timenisch longer thereby consuming
more firewood / fuel (Ahmed, 2005).

Water cum Steam Distillation (Field Distillation Unit)
To remove the above drawbacks of water distillattdesign has been improved where a
perforated grid / net is introduced into the gtist above the bottom. This type of unit is
known as Field Distillation Unit. The main compoteeof this process are:

1. Distillation still (usually made of stainlesgst or food grade SS)

2. Condenser (usually tubular multitube condenser)

3. Oil separator / receiver

4. Brick furnace

The still / tank is made up of mild steel / stagslesteel with a perforated grid and is fitted
directly on a brick furnace. The plant materiaképt on the grid and water is filled below
it. The tank is connected to the condenser thraauglapour line. The condensate oil /
vapour mixture is separated in the oil separator.

Due to their very simple construction, low cost aabsy operation the field distillation

units are extremely popular. The furnace is fueldgdspent agro-waste, firewood. These
types of units are currently being used for thdiltiion of citronella, lemongrass and

agarwood, etc (Ahmed, 2005).

Steam Distillation

The main components of steam distillation unit are:
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1. Distillation tank with steam coil

2. Condenser (usually multi-tube tubular)
3. Oil separator or receiver

4. Boller

Steam distillation exploits the twin action of heatd moisture from steam to break down
the cell walls of the plant tissues to liberate ¢lssential oil. Steam is generated separately
in a steam boiler and is passed through the @istih tank through a steam coil. The plant
material is tightly packed above the perforated dfalse net). Steam along with oil
vapours is condensed in the condenser and is seganathe oil receiver. Capital cost of
putting up steam distillation unit is higher andala trained person is required for
operation of the boiler. Steam distillation is ereéd where a lot of area is under
cultivation and more than one unit is installeds@for distillation of high boiling oils such

of roots / woods for example agarwood chips), pauthetc (Ahmed, 2005).

Study of Chemat et al. (2006) enhanced steam ldigiih using microwave oven, which

fastened the process (10 instead of 90 minutesyawved energy.

Supercritical fluid extraction

Within this method instead of organic solvents,esaptical carbon dioxide (SC-CGDis
used. Above its critical pressure and temperatadgon dioxide behaves both like solvent
and gas with higher diffusivity and density but Eawiscosity (Wei, 2005).

Over the last two decades, supercritical fluid @&tion has been well received as green
and promising technology for extraction of natugioducts. The most significant
advantages of using SC-gQ@re its chemical inertness; its non-toxic, nonandaus and
non-inflammable characteristics; it leaves no saiveesidue in the products and the
process generates no waste, therefore it is emagahbenign technology (Wei, 2005).
El-Ghorab el al. (2004) stated that supercrititabfextraction was about three times more
efficient than hydrodistillation as yields of valatcompounds of marjoram leaves were

compared.
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1.5 Drying effect

The use of spices has increased significantly tverpast few years, partly due to
renewed interest in dishes that use a wide vaokgpices. Consumers prefer high quality,
which is mainly defined by essential oil contenttliie material. Spices need to be dried
before they are stored but loss of essential silsnavoidable during drying processes
(Arabhosseini et al., 2006a).

Food drying is a traditional method of food presg¢ion, which is also used for the
production of special foods and food ingredients/imyy not only affects the water content
of the product, but also alters other physicalldgial and chemical properties such as
enzymatic activity, microbial spoilage, viscosibgrdness, aroma, flavour and palatability
of foods (Ozbek and Dadali, 2007).

Drying prevents the growth of micro-organisms thay cause spoilage or food
poisoning. The essential oil constituents of hexdns be adversely affected during drying.
The effect of drying on the flavour and fragrandeddferent crops has been studied
intensively; for example, Australian-grown gingesasil, bay leaf, parsley, Roman
chamomile, spearmint, thyme and sage and aromiaintspin general. These studies show
that changes in the concentration of essential auisng the drying process depend on
several factors like temperature and relative hutsnidf the drying air as well as the
product properties (Arabhosseini et al., 2006a).

From the economic point of view drying also minieszpackaging requirements and
reduces shipping weights. However, it has some |lpnab related to the contamination
with dust, soil, sand particles and insects, andgo&eather dependent. Also, the required
drying time can be quite long (Doymaz, 2006).

Doymaz (2008) also mentions that drying enablegabtlity of the product under

ambient temperatures.
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1.6 Solar dryers

Sun drying (without drying equipment) is the mostely practised agricultural
processing operation in the world; more than 250 @@0t of fruits and grains are dried by
solar energy per year. More sophisticated methsalsir( drying) collect solar energy and
heat air. Both solar and sun drying are simple peasive technologies. Energy inputs and
skilled labour are not required and in the sunrdyyivery large amounts of crop can be
dried at low cost (Fellows, 2000).

The introduction of solar crop dryers seems to beay to lower mass losses
compared to traditional drying methods and improtke quality of the product
considerably (El-Sebaii et al., 2002).

In the literature there have been many successfperenents with solar drying
described. Hellickson et al. designed a multi-pagpaolar agricultural system which
provided an energy equivalent of about 1.0 kWhidéyluring field tests for grain drying
as well as for air preheating for ventilation puses. Calderwood developed a prototype
system for rice drying by heating air with a satatlector array with a 96 frarea of roof
space. Kok and Kwendakwema designed and built #-sowe forced convection indirect
solar food dryer used for vegetable and meat drgagng the Zambian winter season.
The tested foods were dried to below 15% moistrevo or three days of the operating
period. Raju et al. designed a forced convectigindrsystem with a loading capacity of
500 kg of grapes per batch. The final yield was kg0of raisins and the drying time
required was 56 hrs. The average system efficievey 12.5%. Dillao et al. investigated
the use of a natural ventilation solar dryer foyimg fish. The overall drying rates
indicated that a residential scale dryer could afgeion a two-day cycle and provide
quality dried products. All and Mathur designed ateleloped a solar-based one ton
capacity grain dryer. The dryer consists of a filate air heating panel of a 4.5m x 4.5m
area, two blowers, a drying chamber and two drjaimg. The authors found that re-wetted
maize grain at 20% moisture could dry up to 12%oire solar day. Lawrence et al.
designed a small solar crop dryer, consisting dfyang unit, thermal storage, and solar
collector for the climatic conditions of Raupua,wN&uinea. The dryer was tested, and the
detailed experimental studies were carried out tfer drying of tapioca (Zahed and
Elsayed, 1994).
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1.6.1 Solar energy

Solar energy is one of the most promising renewablergy sources in the world.
Compared to non-renewable sources such as fosdd, fthe advantages are clear: it is
totally non-polluting, has no moving parts to breddwn, and does not require much
maintenance. Solar generators can be installeddistebuted fashion, on each farm or
building, using area that is already developed, alfwving individual users to generate
their own power, quietly and safely (Abu-HamdehQ2)0

Solar radiation spans the spectrum from short-veanggh ultraviolet to visible light
to long-wavelength infrared. Visible light is appmmately 47 % of the incident
extraterrestrial solar radiation. Visible waveldmgare from 380 to 780 nanometres. About
75 % of the sun’s radiation passes through thehnEBaatmosphere and reaches the surface
(Fodor, 2005).

All the energy that we detect as light and hegimates in nuclear fusion reactions
deep inside the sun’s high temperature core. Ttwis extends about one quarter of the
way from the centre of the sun to its surface whleeetemperature is around 15 million °C
(Fodor, 2005).

Each day the sun rises, warms the Earth back appawers the entire biosphere. On
a clear day, up to 1,000 Watts of solar energyasesiable for our use per square meter of
the Earth’s surface. Typical operating conditions & solar dryer vary depending on
weather, geographic location, season and timefEador, 2005).

Though the level of insulation at ground level eargreatly with time of the year,
time of the day and atmospheric conditions, thellev extra-terrestrial radiation remains
fairly constant. Many measurements have been madeeantensity of extra terrestrial
radiation. This parameter is called the Solar Caortsand its value as stated by Duffie and
Beckman (1980) is 1,353 W

1.6.2 The principle of solar drying
Drying is simply the process of moisture removahira product. It can be performed

by various methods for a variety of different salbses from solids to gases and even

liquids. Drying can also be achieved mechanicailycompression, centrifugal forces or
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gravity. Thermal drying, which is the form most aoonly used for drying agricultural
products, involves the vaporisation of moisture hwit the product by heat and its

subsequent evaporation from the product (Ekechuk@89).

Drying is a dual process of:

* heat transfer to the product from the heating soara

* mass transfer of moisture from the interior of greduct to its surface and
from the surface to the surrounding air.

Drying involves the extraction of moisture from tpeoduct by heating and the
passage of air mass around it to carry away tleaseld vapour. Under ambient conditions,
these processes continue until the vapour pressutbe moisture held in the product
equals that held in the atmosphere (Ekechukwu amtbN, 1999).

Solar dryers need some form of solar collectorhsd the air can be heated before
directing it to the process of drying. This is uguaone by fixed flat plate collectors,
mounted at a certain slope and orientation (B&002.

Good ventilation is of crucial importance. It detémes on the one hand the exchange
of warmth from the absorbent surface to the airtriexit and on the other hand the
evaporation of the water on and in the productor&fer ventilation leads to a lower
average temperature but also to a more efficiestadlvtransfer of warmth. This leads to
reduction in the relative humidity and improvedidgy(Vanderhulst et al., 1990).

Much of the heat necessary for evaporation of ramsfrom a particle is supplied
from the air by convection but conduction and radraof heat to the particle can also be
important, particularly so for those solar dryeithwhe drying chamber exposed to the sun
(Brenndorfer et al., 1985).

It depends on climatic conditions, and requiresirgd surface and a long time of
exposure to sun light and, in particular, to ulioéet rays. This leads to deterioration of the
dried product. Furthermore, this method does natblenthe drying of large quantities
(Bennamoun and Belhamri, 2003).

Amir et al., (1991) states the major problem ingessing agricultural products,
especially in the drying stage confronting farmerdropical countries, is to remove the
moisture from the products as fast as possible vatly simple methods, to reach the final

moisture content required for safe storage.
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Seasonal changes of solar radiation suggest us®laf drying in the maximum
radiation intensity season. Matching the dryingcpss and the specific characteristics of
solar radiation is also important in governing theestment costs. Because of small flux
density of solar radiation, a high-temperature myymedium can only be provided with
concentrating collectors. Such collectors are galyevery expensive. Cheaper, flat-plate
collectors, on the other hand, can be applied ¢émyproducing a moderate-temperature
medium (usually under 60°C) and their efficiencypmoves with decrease in operation

temperature (Mujumdar, 1987).

1.6.3 Basic division of dryers

Conventional drying systems are usually classifiadcording to their operating
temperature ranges) into low and high temperatuyersl. In the low temperature drying
systems, the moisture content of the product isigitbinto equilibrium usually with the
drying air by constant ventilation. High temperatuiryers are used when fast drying is
desired and crops require a short exposure torhegdair (Ekechukwu, 1999).

Different heat sources are employed for the dryhggricultural products, the most
common being fossil fuels, electricity and solaergy. Since the mid 1950’s, an extensive
amount of work has been reported on the basic iptescand fundamental theories of crop
drying (Ekechukwu, 1999).
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Fig. 1.2 illustrates a systematic classificationdofing systems, indicating the sub-
classes and the group lineage of solar drying sys{&kechukwu and Norton, 1999).

DRYING 1 DRYER |
CLASSIFICATION

CONVENTIONAL DRYERS SOLAR-ENERGY
DRYING

BULK OR STORAGE
ILOW TEHPERATUREIDRYERS

BATCH & CONTINOUS FLOW "NATURAL"
[HIGH TEMPERATUREIDRYERS OPEM T SUM DRYING

SOLAR-ENERGY
ORYERS

CROFS IJJIIEJJIN-SITIJl PDST HARVEST DRYING ACTIVE DR;ERS PASSIVE DRYERS

DRYING ON GROUND, - DISTRIBUTED T¥PE| |MIXED-MODE| [INTEGRAL TYPE DISTRIBUTED TYPE MIXED MO INTEGRAL TY®
H&JLSRSOR (UNERETEI (DRTING ON TRAYS DBYERS ORYERS | DRYERS DRYERS DNERSH [ (gnvéns i

GREENHOUSE
DRYERS

HORIZONTAL TRAYS| VERTICAL OR INCLINED CABINET
RACKS DRYERS

Fig.1.2.Classification of dryers and drying modes
Source: Ekechukwu, Norton, 1999

Strictly, all practically-realised designs of higémperature dryers are fossil fuel
powered, while the low temperature dryers are eithssil fuel or solar-energy based
systems (Ekechukwu and Norton, 1999).

High temperature dryers are usually employed winen pgroducts require a short
exposure to the drying air. Their operating tempees are such that, if the drying air
remains in contact with the product until equilibm moisture content is reached, serious
over drying will occur. Thus, the products are odtied to the required moisture contents
and later cooled. High temperature dryers are Wswddssified into batch dryers and
continuous-flow dryers. In batch dryers, the prdaduare dried in a bin and subsequently
moved to storage. Thus, they are usually knownaashkin-bin dryers. Continuous-flow
dryers are heated columns through which the proitimes under gravity and is exposed to
heated air while descending. Because of the temyeraanges prevalent in high
temperature dryers, most known designs are elégtdc fossil-fuel powered. Only a very
few practically-realised designs of high tempemtairying systems are solar-energy
heated (Ekechukwu and Norton, 1999).
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In low temperature drying systems, the moisturetaanof the product is usually
brought in equilibrium with the drying air by coast ventilation. Thus, they do tolerate
intermittent or variable heat input. Low temperatadirying enables crops to be dried in
bulk and is most suited also for long term storsyggtems. Thus, they are usually known as
bulk or storage dryers. Their ability to accommedadtermittent heat input makes low
temperature drying most appropriate for solar-epempplications. Thus, some
conventional dryers and most practically-realisedighs of solar-energy dryers are of the

low temperature type (Ekechukwu and Norton, 1999).

1.6.4 Classification of solar-energy drying systems

Solar dryers can broadly be categorised into dinectirect and specialised solar
dryers (Kreider and Kreith, 1981, in Mwithiga andy& 2006). Direct solar dryers have
the material to be dried placed in an enclosuréh i transparent cover on it. Heat is
generated by absorption of solar radiation on tloelyct itself as well as on the internal
surfaces of the drying chamber. In indirect soleyeds, solar radiation is not directly
incident on the material to be dried.

Air is heated in a solar collector and then dudtedhe drying chamber to dry the
product. Specialised dryers are normally designitid avspecific product in mind and may
include hybrid systems where other forms of enexgy also used (Mwithiga and Kigo,
2006).

Although indirect dryers are less compact when cmexb to direct solar dryers, they
are generally morefécient (Mwithiga and Kigo, 2006).

Three distinct sub-classes of either the activpassive solar drying systems can be
identified (which vary mainly in the design arrangent of system components and the
mode of utilisation of the solar heat), namely:

* integral-type solar dryers;
» distributed-type solar dryers; and

* mixed-mode solar dryers (Ekechukwu and Norton, 1999
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Figure 1.3 shows the basic division of driers agdicm to air convection (active,

passive) and collector situation (direct, indiract mixed).

ACTIVE DRYERS PASSIVE DRYERS
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INTEGRAL (DIRECT) TYPE \-Q‘

DISTRIBUTED (INDIRECT) TYPE

MIXED MODE TYPE

~> SOLAR RADIATION
—— AIRFLOW

Fig.1.3. Typical solar energy dryer designs.
Source: Ekechukwu and Norton, 1999

The natural convection operation principle is basadthe temperature difference,
and consequently the difference in the densityhef air inside and outside the drying
chamber. This difference provides the necessamndriforce for the air to flow through
the drying chamber (Amir et al., 1991).

Active dryers are furnished by fans providing bre#tied more reliable air convection.

The fans are usually powered by electric or oilonat
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1.6.5 Key elements of solar dryers

The solar collector plays the part of primary egespurce for a solar dryer.
Essentially it has functions of energy conversiod anergy transfer (Mujumdar, 1987).

As energy converter the collector converts theatliend diffuse radiation coming
from the sun into heat. This energy transformatakes place in the so-called absorber of
the collector (Fig. 4.). The radiation absorbedsesuthe inner energy of the absorber to
grow and its temperature to rise. Than the radiainergy transformed into heat in the
absorber is transferred to the working medium efdbllector (Mujumdar, 1987).

The working medium is, with direct system solaredsy the drying air itself; with
indirect systems this is an appropriately choseuidi (distilled water, oil or non-aqueous
liquids) (Mujumdar, 1987).

The simplest type of flat plate collector consistsn air duct, the uppermost surface
of which acts as the absorber plate. This typeatiector is widely used in crop drying
operations and corrugated sheet roofs are frequenitiverted to collectors in this manner.
Where a single cover flat plate collector cannavite the required air temperature rise,
further covers may be added to decrease heat loSsesto the higher temperatures in
double and triple-covered collectors more insutati® required than for single cover to
minimize heat loss to the surroundings (Brenndceteal., 1985).

The choice of which of the types of single covetemtor to use is made on the basis
that as the temperature difference between ambietitheated air increases the need to
insulate the air duct becomes greater (Brenndetfat., 1985).

Since the temperature of the covering is considgtalver than that of the absorber,
the coating will also reduce the convective heas lsom the structure to the ambient air
(Mujumdar, 1987).

Each square meter of solar panel can dry varyinguats of produce depending on
the initial and final moisture contents. A solayelr for seeds will handle approximately
12kg per day (Hollick, 1999).

Figure 1.4 shows the basic structure of solar ctils and the essential difference
between the collector using air as the working mmedand the other one using liquid as

the working medium.
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(a)

(b)
(1) covering, (2) absorber, (3) heat insulation;aig, (b) liquid as working medium

Fig.1.4.Setup of flat-plate collectors
Source: Mujumdar, 1987

Drying box is connected to a solar air heater, ajpgg at low and medium
temperature, respectively. The material holdingacap of each box depends mainly on
the bulk density of the crop to be dried (Sharmal.el1993).

As seen in the following chapter in certain desigits not require presence of

separate collector and it is ‘integrated’ into timging box.

1.6.6 Comparing solar and artificial drying

Tiris et al. (1996) have proposed a small scalarsdiyer and have made an
experimental comparison between natural sun anficiatt drying. For this last, the air
was heated using an electrical heater then a soléctor. It was found that artificial
drying is more successful than natural sun drylhgvas shown by graphs that artificial
drying reduced the drying time significantly. Indsttbn, it provided better product quality.
Karathanos and Belessiotis (1997) presented a krgke solar dryer; 5000 kg capacity.
For its artificial drying system, a burner opergtiwith propane gas was used. Their
comparison between sun and artificial drying hasasha considerable reduction in drying
time for the last one. The disadvantage of thigllohdryers is the important quantity of
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energy required. In particular, in industrializeountries, between 7% and 15% of the

industrial energy is used in drying (Bennamoun Baltthamri, 2003).

The efficiency of the system can be improved furthe
* by enhancing the absorber surface by way of intwdu fins, matrix
materials, etc.,
e by optimizing the air duct size,
e minimizing air leakage, and

e using the concept of two-pass flow, etc. (Sharnmal.e1993).

For further reduction in initial investment, it vgorthwhile to use the concept of
partial glazing. To have minimum payback periocke tlesign of the system should be
modified for multi-purpose use (Sharma et al., 1993

Mujumdar (1987) suggests another possibility ofhgssolar collector practically
throughout the whole year, which is coupling a s@&nergy dryer to a farm’s energy
system, for example to produce hot water when tierds not in.

Sun drying has many problems - it is difficult t@imtain consistent quality, losses
are high from contamination, insects and animaigquires large land areas and it takes a
long time to dry. For these reasons, many commiedcyéng operations have switched to
other types of drying and are able to justify theestment and high energy costs. These
same operations would be ideal candidates for dugiching from oil to solar. The best
candidates for considering solar drying are thokse dry all year long as they have longer
utilization of the equipment and thus have a quickayback time to recover their
investment (Hollick, 1999).

Fellows (2000) considers the major disadvantagesotdr drying in poor control
over drying conditions, lower product quality anceater variability and lower drying
rates as well. In addition, drying is dependenttenweather and the time of day.

This problem gave rise to the idea of storing pHrtthe energy gained during
radiation periods. This difficulty can be elimindte aside from employing heat storage
devices, only with the use of auxiliary energy seurEven radiation periods may produce
certain difficulties. First, the intensity of in@dt radiation is a function of time. This is a
circumstance that demands adequate control stratedythe means necessary for such
control (Mujumdar, 1987).

24



Dryers need low grade heat to heat large volumearofLow cost solar collectors
can provide solar heat for large volumes of ailaGpanels can be added to the roof or
walls of buildings housing existing dryers and ganels would either heat or preheat the
air entering the fan and dryer (Hollick, 1999).

There is also economic and environmental aspeeteatric dryers mentioned in the
literature. Drying is an energy intensive operatidrsome industrial significance. In most
industrialized countries, the energy used in dryaogounts for 7-15% of the nation’s
industrial energy, often with relatively low therh&dficiencies ranging from 25% to 50%
(Akpinar et al., 2006). In contrary Singh et al0@8) published that drying accounts for
10-25% of the total energy used in the manufaajysnocess worldwide.
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2. AIM OF WORK

The main aim of this experiment is to compare the types of drying oPersicaria
odorataand to evaluate the impact of drying on the fpraduct. The dried samples were
compared to each other and to fresh samples thrihweghnalysis of the essential oils. The
experiment was run in double-pass solar-energyramd electric dryer. Aerial parts Bf
odoratawere hydrodistilled and analysed in the laborawof CULS. The other aim is to
measure the drying characteristics of the solaerdaynd to evaluate its suitability for this
product.
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3. MATERIALS AND METHODS

3.1  Site description

Thua Thien Hue Province is located in Central \aetn bordered on the east by the
South China Sea and on the west by Lao PDR (Fij. 3he province has an area of
5,053knf and is divided into nine administrative distriche population is over one
million; 300,000 people reside in or around theitehoity, Hue.

Much of the province’s infrastructure and indusligs in the coastal plain. The
North-South Highway and the railway linking Hanoi o Chi Minh City pass through
Hue and effectively bisect the province. Roads rekt® the district centres, including A
Luoi, the relatively isolated westernmost distriRivers in A Luoi District drain to the
Mekong River, instead of directly to the sea, atharest of the province.

Most of the population lives on the coastal plawthin 25km of the coast. Much of
the interior of the province has a population dgnef less than 50 people per sq. km
(MPA, 2007).

China

South China
Sea

Laos

Elevation Zone (m)

I o-100 I 100300 I so0-s00 [ s00-700
[ 1 7001000 [ 1000-1200 [ 1200-1500 [ +500-2000

Cambodia

Fig.3.1.Thua Thien-Hue province situated in central Vietna
Source MPA, 2007.
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A large area in the West of Quang Tri and Thua fitHele is mountains and hills.
The mountains last along the west side of theseiqres and have the elevation varying
from 200-800m in Quang Th province, to 1000-1500mThua Thien-Hue province.
Besides the mountains there is a large area ofamildl having the elevation of 20-200m.
The midlands and mountains occupy 50% of the v of Quang Tri province and 70 %
of one of Thua Thien-Hue province. Coastal plaimasrow lasting along the coast and
occupying about 8% of total area of both these pwavinces. The sandy dunes along the
coast have an area of over 1,008kimmgoons polders are mainly located in Thua Thien-
Hue (WB, 1999).

Climate of the project area is tropical monsoonrer€hare two different seasons: the
dry and rainy. However, because of topography theate regime in the Section Sl is
relatively complicated. The Hai Van range as a matirontier divides the area into two
different climate zones. The section from Dong sl&lai Van Pass is influenced by North
tropical monsoon, the other one from Hai Van PasQuang Ngai is by South tropical
monsoon. There are two distinct periods for theyrgieason: In the section from Dong Ha
to the Hai Van Pass the rainy season lasts fronolf@ctor November to March. In the
section from Hai Van to Quang Ngai the rainy sedasts from the middle of September
to the end of December.

Annual rainfall in this region is about 2,000-4,6@, and differently varies in term
of location. In coastal plains precipitation noripadaries from 2,000mm to 2,400mm, but
it is very high in mountains, where precipitatioraynoccasionally reach 5,500mm per
year. Over 85% of rainfall is concentrated in tamy season. In the Southern part annual
rainfall is much lower, which is only 1,500-1,800mBuration of the rainy season is only
3-4 months.

The typhoon season in this area occurs from Juldeember. Storms are usually
accompanied by heavy rains, with up to 600mm rHirdaer a 24 hour period in the
coastal areas, sometimes creating heavy flood.

Due to the specific topography and climate the gmibarea has abundant biological
resources which comprise from two main ecosystamduding uplands and lagoons
ecosystems. In the past, forests and forestry ilartde provinces occupy more than 60%
of the total area. Due to locating in a high rdinfaigh humidity and high radiation forests

in the central region contain tremendous diver@s, 1999).
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3.2 Plant material

The aerial parts (stems and leaveslPefsicaria odoratavere used for experimental
tests in this study. Over 1kg of fresh herb (Fig) 3vas purchased every morning at a local
market in Hue city (Annex A). The samples were wisd from the same seller every time
to ensure the homogeneity. Plants were than wasftedwater to separate eventual soll
residues or other foreign particles. The samples waentified by the plant taxonomists
from the Hue University of Agriculture and Forestry

Fig.3.2.Rau ram on the tray ready to be put into the dryer
Source Pt&ek, 2008.
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3.3 Dryers

During our experiment we have used a specialisadldepass solar-energy dryer
(Fig. 3.3) designed by Ing. Jan Banout, PhD. agd Retr Ehl, University of Life Sciences
Prague.

The working principle of the dryer is closely linkdo its “2 floor” construction
(Annex B, C, D). Although from the outside it appeas one box, it is divided lengthwise
to the collector and drying chamber. The upperl¢ctdr part) starting with air inlets and
iIs made of black painted aluminium sheet equippét ®ight (5cm high) straps in the
direction of the passing air. The terminal 25cntt@ collector were replaced by the air
pass to the drying chamber. The surface of theculi (2x5m) was increased by the straps

and decreased by the missing part replaced byaa# f 13,3fMand can be computed as:

S=w, O, +160hg 0, — (160hg O, + W, 0,,)

Where:

S= collector surface
wp = dryer width

I = dryer length

hs = height of the strap

Iap = air pass length.

The air inlets and outlets were protected by me&dting to prevent the insects or
another unwanted particles from getting into dryEmis is especially important during

drying of fruits or other attractive products.
The dimensions of the dryer are 5m in length andr2midth being divided into five

segments (2x1m). The transparent polycarbonatetshdinensions (2.1x1m) caused

convex shape of the roof which ensured better wataoval during rain. Each segment is
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equipped with two trays (each sized 1x1m) with rdginsity polyethylene netting. The net
hole dimensions are 0.5 x 0.5cm. Each tray wasabg@athrough own independent door.

The case of the dryer was made of four layers sumnsufficient insulation and
durability. The outer shell was made of 0,8mm gaized metallic sheet followed by layer
of 15mm polystyrene and 2mm cork layer. The inmellsvas made of 0.5mm aluminium
plate. The roof of the dryer was made of 8mm trarept polycarbonate panels coated

with UV layer on the outer surface. The light tnaumssivity was 89%.

Being equipped with five 12V ventilators (Sunon KIAPPMBX-6A) the dryer is
active type using overpressure as the ventilatoes eamplaced at the air inlet. The
ventilators (120mm in diameter) are powered by SGIEC STR 36 - 55 / 12
photovoltaic panel (17.6V, 3A, 50W) consisting o 8rystallic Si cells. The 17.6V
optimal voltage is reduced by resistors (8.3W). For more details see the electric circuit
scheme in Annex E. After passing the collector dndng part the air leaves the dryer

through two rectangular air outlets (28x10cm).
For reference drying of Rau ram and for final mamistcontent determination the

electric plant dryer (Ketonc 4000W) (Annex H) wased. The reference drying was done

in the laboratory of NGO Tropenbos in Hue.
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3.4 Instrumentation and facilities

3.4.1 Hydrodistillation apparatus

During the experimental a special type stainleg®lssteam-proof pot with the
volume of 51 was employed (Annex H). This vesseswcombined with Clevenger
apparatus trapping the condensed vapour while goecus phase and the essential oil
formed into separated layers. Condensation of viap@s assured by water cooler (Fig.
3.4).

— cooling agent

/ _J
«— essential ol
< aqueous phase

______________________ A

—  plant material

steam-proof pot

© Ptacek 2008

Fig.3.4.Scheme of modified hydrodistillation apparatus
Source Pt&ek, 2008.

3.4.2 Instrumentation

For measuring temperature and relative humiditthen drying chamber two Comet

data loggers with S3121 sensors (Annex F) were @mepl Temperature in the collector
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part was measured by two laboratory mercurial tleneters. The airflow inside the dryer
and at the outflow was measured by thermic anemamieisto 425.

Ambient conditions were observed with Kipp Zonen EBl pyranometer measuring
solar radiation supported by Kipp Zonen Solrad aadn integrator (Fig. 3.5). Ambient

temperature and relative humidity was measured &stol 605-H1 thermo-hygrometer
(Fig. 3.6).

Fig.3.5. Data collection from  Fig.3.6. Measuring the air-flow in the
pyranometer. drying chamber.
Source Pt&ek, 2008. Source Pt&ek, 2008.
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3.5 Experimental procedure

3.5.1 Drying procedure

One kilogram of fresh plant was equally spreadhmnttay and put into the dryer at
8:00am, when the drying process started. The drgegod was set to 8 hours/day
finishing at 4:00pm, which means one batch coulceasly dried during one day in the

case of sunny weather.

Drying in the electric dryer was processed undanddrd conditions, which means
40°C for 24 hours. Again 1kg of green matter wasighd fresh at the local market,
determined botanically, transported directly to pmeheated dryer and left under constant

conditions.

To have the most complex view of the drying coidisi in the solar dryer, thermal
and humidity conditions as well as air circulatioside the dryer were under close focus.
Every hour temperature was measured at the iratial terminal part of the thermal
collector, same interval was set for air circulatimeasuring. This was carried out at the
central part of the thermal collector, at the canpart of the drying chamber and at the air
outflow. Detailed information was obtained for tdeying chamber using five-minute
interval for temperature and humidity data collectiwhich was measured at the initial
part and at the terminal part of the drying chamber

Outdoor conditions are playing crucial role in therformance of the solar dryer.
Hence it is very important to know the relationvbetn the weather conditions and the
drying process. The ambient conditions were charaed by temperature, humidity and
solar radiation, first two being measured hourlyile/hsolar radiation in five minute

intervals.

Passing through the collector part the air is hkated the humidity decreases while

in the drying chamber the process is reverse.
To every 1kg of the fresh herb a 50g control sampés add (Annex F). This

reference sample after being dried either in sotaelectric dryer had to undergo final

moisture content determination. During this prodés artificial dryer was set to 105°C
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for 24 hours. These samples were weighted befodeaftier the drying process and the
final moisture content was calculated.
Reference samples put into solar dryer were wedglteery hour to find out the

weight loss time behaviour.

3.5.2 Distillation procedure

Twelve different samples had to be run throughdiséllation process. Four in fresh
condition, four dried in solar dryer and four driedsolar dryer. Regardless of being fresh
or dried the plants were blended with a kitchem&és first, than put into the steam-proof
pot, mixed with 3 litres of water and boiled fore¢bh hours. The growing of the essential
oil was not linear, but had descending animus hadrtost of the essential oil was trapped
in the first hour.

After the distillation process the essential oikwaoved into the 1,5ml vial and after

measuring the volume it was refrigerated (Fig..3.7)

To prevent the essential oils from chemical chamgether undesirable deterioration
the vials with samples were kept refrigerated fribra time they were gathered in Hue,
Vietnam until they were analyzed in Prague, CzeepuRlic. During the transport the
optimal conditions were provided by an insulatiax.b

Once the samples were brought to CULS, they wespeitied in laboratories of
Faculty of Agrobiology, Food and Natural Resourd&smarily the samples were mixed
with anhydrous sodium sulphate which creating alystructures helped to remove the
traces of water. The samples were diluted to 0.5% 1% in hexane for GC-FID and

GC-MS analysis respectively.
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Fig.3.7.Vials with essential oil samples. Fig.3.8.EO dilution.
Source Pt&ek, 2008. Source Pt&ek, 2008.

3.5.3 Essential oil analysis

GC-FID analyses of essential oil samples were msexkin laboratories of Faculty of
Agrobiology, Food and Natural Resources, The Cémlversity of Life Sciences Prague.
GC-MS analysis was held in laboratories of Institubf Organic Chemistry and
Biochemistry, Academy of Sciences of the Czech Rkpu

The identification of individual components was dé&on comparison of their GC
retention indices (RI) and comparison of their mgssctra by GC/MS to those described
in the literature (Adams, 1995).

The flame ionization detector (FID) is a non-selextdetector used in conjunction
with gas chromatography. Because it is non-selectivere is a potential for many non-
target compounds present in samples to interfette this analysis and for poor resolution
especially in complex samples. The FID works becling the gas phase output from the
column into a hydrogen flame. A voltage of 100-208\applied between the flame and an
electrode located away from the flame. The incréaserent due to electrons emitted by
burning carbon patrticles is then measured. Exampa fvery few organic compounds (e.g.
carbon monoxide, etc.) the FID detects all carbmmaining compounds. The detector also
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has an extremely wide linear dynamic range thaereld over, at least five orders of
magnitude with a response index between 0.98-1.43,(2005).

The oils were analyzed by GC using Agilent 6890teays HP-5 column (30m X
0.32mm, film thickness 0.286n) was used with nitrogen as carrier gas (1ml/mirje
oven temperature was programmed from 60°C to 24Q°€rate of 3°C/min. The samples
were diluted to 0.5% in hexane and injected intlggis mode, injection volume beingull
The injector temperature was set at 250 °C. Theegm¢age compositions were obtained
from electronic integration measurements using élaomization detection (FID), also set
at 250°C.n-alkanes (C10 - C25) were used as reference pioiritee calculation of linear

retention indices (LRI).

The Gas Chromatography-Mass Spectrometry (GC-MS3trument separates
chemical mixtures (the GC component) and identifreesscomponents at a molecular level
(the MS component). The GC works on the principlat ta mixture will separate into
individual substances when heated. The heated gasesrried through a column with an
inert gas (such as helium). As the separated suleteemerge from the column opening,
they flow into the MS. Mass spectrometry identiftesnpounds by the mass of the analyte
molecule. A “library” of known mass spectra, cowgriseveral thousand compounds, is
stored on a computer. Mass spectrometry is coresidéne only definitive analytical
detector (CPEO, 2002).

For identification of particular essential oil cooymnds, GC-MS analysis was carried
out on a Finnigan Focus GC (Thermo Fischer ScientifS) equipped with a J&W DB-5
fused silica column (30m x 0.25mm, film thicknes23dm, Agilent Inc., US) and
interfaced with a quadrupole mass detector Fisofs 800 (Fisons Instruments, now
Thermo Fischer Scientific, US). The temperaturegmam was the same as for GC-FID.
Injector and transfer line temperatures were 2283€ 200°C, respectively; carrier gas He,
constant flow 1ml/min; ionization energy 70eV; s¢ane 1s; mass range 30-600amu. The
samples were diluted to 0.1% in hexane and injectegplitless mode, injection volume
being 1.

The component identification was based on comparsotheir retention indices

indices (RI) (obtained using seriesmélkanes (C10-C25), retention times (RT) and mass
spectra with those obtained from authentic sam(#gma, US) and/or the NIST/NBS,
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Wiley libraries and the literature (Adams, 1995pnt minor peaks with a relative area
below 1% were considered as unknown.

Effect of drying method on essential oil constitisewas statistically evaluated using
Statistica software Version 7.0 (Statsoft CR, CiZ)e percentage composition of essential
oils was used to determine the relationship amoifigrent drying methods using a
hierarchical cluster analysis. Only those volawenstituents with relative peak area
percentage higher than 1% were included in theterwmalysis. The cluster analysis was
conducted on the basis of single linkage and Eeahdlistance between the means of each
treatment Analysis of variance and Fisher’'s LSD we=re used to determine the difference
between the groups.
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4. RESULTS AND DISCUSSION

4.1  Solar dryer performance
4.1.1 Ambient conditions during drying

During the test drying runs there was typical hurtrigpic climate. The drying
experimental was held in Hue in the period of Audi#' to August 18 2007. the typical
weather was characterized by temperatures exce@dif@ and high relative humidity.
The mentioned time period was at the end of drg@eand at the beginning of rainy
season, though showers occurred during some ofdtlggng runs. That gives the
opportunity to compare the dryer’s efficiency dgritme ideal conditions and during those
disturbed by rain.

Tab.4.1. Summary of ambient conditions during 4 dryinggest

Solar Radiation (W/R) Temperature (°C) Relative Humidity (%)

Min Max Mean Min Max Mean Min  Max Mean
Drying | 302 842 576 32.0 38.9 36.2 40.0 63.5 49.3
Drying Il 78 716 445 304 36.5 34.0 46.8 81.5 60.8
Drying Il 82 1106 513 29.7 36.0 32.2 54.9 80.0 68.8
Drying IV 83 999 704 29.5 36.7 33.9 50.2 77.7 60.3

I-1V, drying run

The drying tests were taken during four days undeous conditions (Tab. 4.1). The
ambient temperature showed quite consistent valeging 32.2-36.2°C in the average.
During drying 1l and 1l the optimal drying condins were disturbed by rain resulting in
higher final moisture content (Tab. 4.2) of the quct. The highest average relative
humidity (68.8%) was observed during drying Ill whegood drying conditions
(1122W/nf, 34.5°C, and 56.1% at 11:00) were followed by faithe afternoon. Drying |
resulted in final product with lowest final moistucontent, although there was lower
average solar radiation value observed (576 and\V7®d for drying | and drying Il
respectively). Drying | gave best results becaussret was highest average ambient
temperature (36.2°C) recorded and lowest averadmeatrrelative humidity (49.3%). This
is also connected with the fact that no rain oeiduring drying I.
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Fig.4.1.Example of ambient air conditions during dryingpesimental.

As obvious from figure 4.1 the temperature of thebgent air was in range 29.5 to
36.7°C with the maximum temperature oscillatingnssn 10:00 and 12:00. Remarkable
symmetry was observed during each drying run betviee ambient air temperature and
relative humidity. As seen in figure 4.1 relativenmdity is decreasing as the values of
temperature increase. In most of our measuringivellumidity had its minimum at the
same point, where maximal temperature and solaatrad were recorded. The break point
of solar radiation was observed at noon.

During the test run shown at figure 4.1 the valoéssolar radiation were 55-
999W/nf with the maximum at 12:00 and minimum at 14:50, mite ambient conditions
were changed by a sudden storm.

Generally solar radiation had typical parabola pgeg. The values during all our
tests ranged 55-1122W/mValues exceeding 800W/nwere observed from 10:00 to
14:00 in the average.

Drying efficiency i.e. during storms may be enhah&y using additional heating
source. Bennamoun and Belhamri (2003) mention ddding a heater allows drying the

product in unfavourable conditions, such as betweamm. and 8 a.m. Using a heater has
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shown good improvement in the obtained resultalldivs reaching in many studied cases
the purposed moisture. Its use can present a ragdtment return.

Ekechukwu and Norton (1998) studied the variationsolar dryer efficiency during
dry and rainy season, respectively. The performanfdtiee integral type natural-circulation
solar-energy dryer was found to be largely affettgdeasonal weather variations. Drying
conditions during the dry season were fairly comst&ariable cloud overcast, frequent
rain and high relative humidity affected adverstilg drying conditions during the wet
season. The overall performance of the dryer wass,tbetter during the dry season,
requiring less than 2 days to reduce the moistandenit of cassava chip to lower than the
desired safe storage level. This was supportedubyexperiment. Since our dryings were
run during the time when dry season was endingraimy season was beginning, distinct
variations between rainy and sunny days were obderccording to actual weather
situations the final MC was ranging 11.6 to 23.5%4()(Tab. 4.2).

4.1.2 Drying conditions

An overview of the average conditions inside thegedris shown in fig.4.2.
Comparing the average airflow in the dryer, relativumidity and temperature in the
drying chamber we can see, that temperature rar8ir5362.9°C and airflow ranging 0.0-
1.35m/s reached their maximum at noon, while theeki relative humidity (16.3%) was
measured at 11:00. A dramatic change of weatherbeambserved at 14:00. As the
temperature decreases, the relative humidity vakes. The temperature in the drying
chamber fell from 52.5 to 41.9°C in half an houheTfall of airflow rate is caused by
sudden solar radiation decrease, since the airifowowered through the photovoltaic
panel directly by solar energy.

There is a distinct similarity between the progesssf airflow in figure 4.2 and solar
radiation in figure 4.4, which shows very closeatieln between these two magnitudes and

will be mentioned later.
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Fig.4.2.Relative humidity and temperature inside the soitger compared to airflow.

Detailed information on the temperature and retattumidity conditions inside the
dryer is presented at fig.4.3, where initial angnieal part of the collector and initial and
terminal part of the drying chamber are compared.

T1 measured in the initial part of the thermal ecibr was close to ambient
temperature and ranged 37.0-45.0°C with the breakt @t 11:00. T2 measured in the
terminal part of the collector was also the highesiperature within the whole solar dryer
for the most of time. The range of T2 was 50.0-82;Qhe top value recorded again at
11:00.

The collector efficiency can be described by thh@eanperature rise on the way from
T1 to T2. The difference between these two valuas smallest at 16:00 (11.0°C) and
biggest at 11:00 (17.0°C) when the top temperatwege observed in the collector part.

Temperature was measured at the initial (T3) anahitel (T4) part of the drying
chamber T3 ranging 44.1-59.8°C and T4 47.2-60.56@ beaching top values at 11:15.
For the most of drying time the difference betwéeese two measuring points was less
than 0.75°C, T4 being the higher value as thesaligiated on the even way through the
drying chamber. The biggest difference betweeniB8 B4 was at the beginning of drying

time and the average difference was 1.0°C.
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Relative humidity was measured at the initial (RKBY terminal (RH4) part of the
drying chamber. The ranges for RH3 and RH4 were6-33.9 and 18.3-30.4%
respectively. At the beginning of the drying RH3 sweemarkably higher than RHA4,
equilibrium was reached at 10:15, than RH4 wash8lighigher than RH3 for the rest of
the drying time with the average difference of €C.3°

There is still an obvious relation between relativenidity and temperature and we
can see that top temperature values were reachabloat the same time, when relative
humidity was minimal.
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T1, temperature at initial part of collector; T2mperature at terminal part of collector; T3, terapge at initial
part of drying chamber; T4, temperature at termipadt of drying chamber; RH3, RH at initial part afjidg
chamber; RH4, RH at terminal part of drying chamber

Fig.4.3. Temperature and relative humidity within differguatrts of solar dryer.

Depending on the prevailing meteorological condgi@nd air flow rate reached, a
useful temperature rise of 11-17°C with the aver@gE2°C can be achieved using double-
pass solar-energy dryer. In contrast to our stuldgri@a et al. (1993) reported 10-27°C
temperature rise using large scale indirect tydarsdryer consisting of a fan, solar air
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heaters in two different configurations operatirigoav and medium temperature, and a
drying chamber.

Our results were fairly in correlation with thoseibfished in literature. Low
temperature is normally recommended for drying nufsthe agricultural products. The
temperature rise of 15-20°C of air from ambiergufficient to meet to the requirement of
crop drying (Jain, 2007).

If the temperature of drying air is raised by oalfew degrees, the relative humidity
of even humid air are lowered enough to make eatife for crop drying (Tiwari et al.,

1994).

Solar radiation is one of the most important faxtewthin solar drying. Figure 4.4
presents the close relation between the solartradian one side and relative humidity
and temperature in the drying chamber on the otfiemperature rises as the solar
radiation values go up while the relative humidigs the opposite tendency. When there is
a significant change of weather at 14:15, the saldiation decrease causes immediate fall
of temperature which is more than 10°C in 30 misutend the decrease of temperature

reflected in rising relative humidity which rose raghan 12% in 30 minutes.
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Drying process of any products is mainly affected dr temperature, relative
humidity and airflow. In the double-pass solar-gyedryer the airflow was powered by
solar energy, so the ventilators’ rpm was reguladéeéctly by the amount of solar
radiation.

In any passive solar dryer the airflow is mainlyeafed by solar radiation. In the
double-pass solar-energy dryer the situation issime, although the air is forced by five
electric fans and the dryer is active type.

The airflow was measured in the drying chamber a@nthe outflow. During all the
drying tests the average airflow in the drying cbanreached the values 0.2-0.6m/s. Top
airflow values were observed from 10:00 to 14:00tlas solar radiation was most
intensive.

Figure 4.5 shows that the airflow is in fact fuoatiof solar radiation. Figure 4.5
represents drying conditions disturbed by rainZa0Q. As you can see the clouds caused
drop of airflow values (0.03m/s in the drying chambso the increased ambient relative
humidity did not slow down the drying process mualthe average reference samples lost
3g of their weight from 11:00 to 13:00. During tlest run shown in figure 4.5 the drying
chamber airflow ranged 0.03-0.70m/s and 0.2-1.7%ttlse outflow.
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Fig.4.5.Solar radiation influence on the airflow.

During our measuring it was observed that airfl@gponse to solar radiation is

immediate as the photovoltaic collector reactethéoactual conditions.
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When the solar radiation fell to 120WAnthe ventilators were hardly working and
some of them stopped. At 80-90W/mll of them stopped working and the airflow had
fallen to zero. This may be taken as a positiveotfbf taking power from photovoltaic
panel. If the ventilators were on during a suddan,rthe relative humidity inside dryer
would rise much faster.

According to previous study drying efficiency inased when air speed is small and
increased slowly when air speed is high. Lowerspged will result in low efficiency but
higher air speed may result in an excessive presdwp inside the collector (Abu-
Hamdeh, 2003).

4.1.3 Drying kinetics

During every drying test there were three 509 mfee samples added to the initial,
central and terminal part of the drying chambeinigestigate the difference in the drying
conditions for each part of solar dryer.

As presented in figure 4.6 the solar dryer gavisfeatorily homogenous conditions
in all its parts and the final weight of the 50ference samples did not vary much (8.0, 8.5
and 8.6q for initial, central and terminal partloé¢ dryer). The most significant differences
were observed at the beginning of each drying tuheainterval of 8:00 and 11:00 when
the weight loss was much faster in the initial pErthe drying chamber. After the first
hour of drying the weights decreased from 509 t®,228.0 and 30.3g for initial, central
and terminal part of drying chamber respectively the relative humidity in drying
chamber decreased (falling from 40 to 16% in thenttoeed interval) the differences

became smaller. At 12:00 the difference was wiflgn
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Fig.4.6.Weight losses during drying in different partdoging chamber.

The study of Braga et al. (2004) confirms that higimperatures and low loads
increased the drying kinetics. Therefore, the senatie material load, the smaller is the
amount of energy necessary for the process.

This is associated to the fact that more moistorgent is removed when one works
with smaller loads.

From a recent study on parsley it is apparentdngahg rate decreases continuously
with moisture content or drying time. However, thgperimental results for forced
convection drying showed that the drying air terapge has a significant effect on the
evolution of the moisture content (Akpinar et 2D06).

The average initial moisture content was 85.48% Wit values ranging 84.4-88.2%

(w.b.). Initial moisture was computed accordinddibowing formula:

W, —W,

M, = 24 100

i
ad

The final moisture content of the plants was deteech by the mass loss during the

drying interval and was calculated in accordandeltowing formula:

48



Wad

M, =100-—2[100

d

Where:

M; = Initial moisture content (%)

M; = Final moisture content (%)

W = Initial crop weight ()

Wy = Dry crop weight (g)

W,q4 = Absolute dry crop weight (%).

In comparison with the electric dryer the final stare content of samples from solar
dryer was approximately 1% lower (Tab. 4.2).

Tab.4.2 Initial and final moisture content during soladaelectric drying.

s E

| 0 m IV Mean | I m IV Mean
GM weight (g) 500 50,0 500 50,0 50,00 50,0 50,0 50,0 50,0 50,00
DM weight (g) 86 102 91 86 913 79 75 84 95 833
ADM weight (g) 76 78 76 75 763 70 59 70 77 6,90
Initial moisture 848 844 848 85 84,75 860 882 86,0 846 8620
content (% w.b.)
Final moisture 116 235 165 12,8 16,11 114 21,3 16,7 189 17,08

content (% w.b.)

S, solar dryer; E, electric dryer; I-1V, drying rudDM, absolute dry matter (105°C, 24h); w.b., \esis

It was observed that the herbs can be dried atta#®iC reaching equilibrium
moisture after 12 and 9.5h using the wire baské&rsdryer and oven drying method
respectively (Balladin and Headley, 1999).

Water content is certainly one of the most critigahlity parameters of any herb, as
it governs mould growth during storage and transpehich could lead either to the

formation of mycotoxins or any unwanted flavours.
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Correct drying of aromatic plants is necessaryhigh quality and stable products
and the final moisture content should be 5-10% .jwDrying prevents the growth of
micro organisms that may cause spoilage or foodgming. The essential oil constituents
of herbs can be adversely affected during dryinglphosseini et al., 2006a). Tiwari et al.
(1994) declares that for safe storage, agriculttngbs must be dried to a moisture content
of 9-13% (w.b.). Under optimal climatic conditiodsying in solar dryer resulted in the
product with FMC averaging 11.5-13% (Tab. 4.2). Whée conditions were
unfavourable, final moisture content was higher.

Both over-drying and under-drying are harmful fesrage of agricultural products.
Over-drying due to excessive exposure to sun ot ti@aages the seed coat and, thus,
causes bleaching, scorching, discolouration, Idsgeomination power, and reduction in
nutritional value. On the other hand, under-dryamgslow drying results in deterioration of
food quality due to fungal and bacterial actionu3hdrying under controlled conditions of
temperature and humidity helps the crop to dry ageably rapidly to a safe moisture
content level and ensure a superior quality ofpiteeluct. High temperatures could be used
only in the beginning of the drying process (Shaahal., 1993).

Doymaz et al. (2006) after undertaking drying expents on dill and parsley stated
that drying air temperature is effective paramdterthe drying of leaves. As the air
temperature increased, other drying conditions gp@ame, moisture removal increases
thus resulted into substantial decrease in drying.t This was also supported by our
results. As the drying experiments were set to teonisdrying period, the most important
factor was solar radiation, which is closely cortadowith temperature. As obvious from
table 4.2 and table 4.1 the lowest moisture contexe reached during the days with the
highest average ambient temperature.

According to Reh et al. (2006) drying processesmaainly driven by temperature,
particle diameter and partial pressure of watethersurface of the particle.

Experimenting with leafy vegetables Negi and Ro§0{@) also notice that retention

of the quality parameters of leaves was betteastef drying conditions.
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4.2  Dried product properties

Since Rau ram is predominantly used fresh, no drgixperiments on Rau ram were
yet described in the scientific literature. Sengmgperties evaluation of dried product was
targeted on comparing the two types of drying twheather and to the fresh material.

Concentrating on the colour of the final product tlesults were satisfying in both
dryers. The colour of the final product was celadoith no visible spots or colour
abnormalities (Annex G). The only exception wasiceat on the initial part of solar
dryer's drying chamber. Due to the constructiontled solar dryer there was small but
noticeable part of drying trays exposed to directlight. In total this area represents 3.5%
of drying trays’ surface. This was the area whée lhiggest, but still feasible changes
occurred. The leaves were slightly bleached ana@dhaur moved gently to brown.

The smell of Rau ram is dominated by strong citsdeur followed by some spicy
odours, potato odour and two tropical fruit odo{8&rkenmann et al., 2006).

The fresh leaves of Rau ram (Annex G) are highbmetic, all the dried samples
kept the characteristic aroma. Both drying metheelsmed to have similar effect on the
aroma preservation. Regardless on the type of grthe odour was well apparent after
grinding the leaves.

Investigating the drying influence on French TaomgArtemisia dracunculud..)
Arabhosseini et al. (2006b) investigated that dyyoi leaves at 45°C resulted in small
changes for colour while changes for the leavesddat 60 °C were large during drying.
During our test drying temperature in the electhiger was set to 40°C and in the solar
dryer ranged 47.8-54.6°C and there was only stghnhge of colour where direct sunlight
reached the leaves as described above.

It was assumed that moisture content also affestsuc changes during drying.
When moisture content is higher more changes odduat is the reason for the strong
quality changes in the initial phase of drying (Binasseini et al., 2006b).
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4.3 Essential oil evaluation

Hydrodistillation of P. odorata gave light yellowish oil. According to the
expectations the essential oil yields from driechgles were lower than those from fresh
material. However solar drying had no statisticaignificant effect (P<0.05) on the
essential oil yield in the contrary to drying ireetfric dryer (Fig.4.7).

Means and 95,0 Percent LSD Intervals
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F, fresh; S, solar dryer; E, electric dryer

Fig.4.7. Statistical evaluation of the effect of solar digyiand drying in
electric dryer on the EO yield.

As shown in Tab.4.3., the average essential oltyier each tested drying method

was 0.04, 0.03 and 0.025% (w/w) for fresh samp)e ¢Blar dryer (S) and electric dryer
(E), respectively.

Detailed information on essential oil yields idéid in Annex |.
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Tab.4.3.The effect of solar drying and drying in electliyer on the EO yield.

F S E

Mean Mean Mean
EO yield (ml) 0,418 0,305 0,264
EO yield (g) 0,400 0,300 0,250
EO content (% w/w) 0,040 0,030 0,025

F, fresh; S, solar dryer; E, electric dryer

There is lack of information about the influence dfying on the chemical
composition of Rau ram essential oil in the litaratso far. To our knowledge the only
other data to be compared were published by Staréen et al. (2006). The study was
focused on comparison of essential oildefsicaria odorataandPersicaria hydropiper
distilled from fresh material (Starkenmann et 2006).

Generally essential oil yields from our samplesemMeigher than those obtained by
Starkenmann et al. (2006). The yields were 0.012840% (w/w) for Starkenmann and
our experiment respectively.

The amount of the essential oil is influenced bitiwation conditions, climate and
genetic factors. Starkenmann et al. (2006) analymaths cultivated in a greenhouse in
Switzerland, while our samples were grown in thepits under natural climatic
conditions.

Arabhosseini et al. (2006a) focuses on the temgperaand relative humidity
influence on French and Russian tarragon essenitigield. The leaves dried at 45°C and
90°C showed higher yields for both French and Rmstrragon compared to the 60°C
treatments. The recovery of oil from Russian taymafpaves was almost the same at 45
and 90°C and the levels were higher than at 608@®02C most oil losses occurred before
the leaves reached final MC of 35% (w/w) when dmeth air of 7% RH and before MC
of 25% (w/w) for the leaves dried at 18% RH.

In the case of solar dryer the temperature and ditynconditions are highly
dependent on the ambient weather conditions. Fig.sthows the influence of drying
conditions on the essential oil yield. Top yield4@ml) was reached when the average

drying temperature was highest (54.6°C) and redativmidity one of the lowest (23.9%).

53



For an equal duration of drying, product propertedsange more for higher
temperatures and at a constant temperature long@ngdtime causes more changes
(Arabhosseini et al., 2006a).

drying chamber temperature
(°C) and relative humidity
essential oil yield (ml)

drying run

=T (°C) m RH (%) —a—EO yield (ml)

Fig.4.8. Influence of temperature and relative humiditydrying chamber on the

essential oil yield.

From the experiment of Arabhosseini et al. (2006& clear, that one of the key
factors affecting EO yield and quality is dryingng. Since our drying period was set to
constant time, temperature and relative humidiey@nsidered to be the main factors for
the quality of dried product.

It appears that lower temperatures and shorterngryimes yield more oil
(Arabhosseini et al., 2006a). We have to add, duaing solar drying where the drying
period is the same, higher temperature has postfeet on EO yield.

Yiljep et al. (2005) reports very low yields ginge® from the samples dried by sun,
solar and natural air drying. This may be due tugnged drying period which resulted in
poor drying effect on the samples, thus, affectimgyield of EO. Our results support this
thesis. The highest EO content in fresh Rau ranpkanthe yield was lower in samples
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from solar dryer (8h drying period) and even lowethe samples from electric dryer (24h
drying period).

Ahmed (2005) mentions that distillation process lu@hces the EO vyield
significantly. In India natural gas supplied thrbugnderground pipeline is being used for
commercial distillation of essential oils. It haseln observed that besides lowering the cost
of distillation, the oil recovery is also highershorter time.

Investigating the drying effect on long peppBiper hispidinerviumC. DC.) Braga
et al. (2004) mentions that the drying results mgier essential oil yield for temperatures
up to 50 °C. The essential oil yield practicallgreased twice after drying. For drying air
temperatures above 50°C and drying residence tabese 45 minutes, safrole content

decreases about 20%.

Individual components were identified by comparistfnboth mass spectrum and
their CG retention times, calculated using a homoge series afi-alkanes, with those of
authentic compounds previously analysed and by eolsgn of mass spectra with those
published in literature (Adams, 1995).

In all samples, out of 24 detected, 18 were ideatipresenting in average 96.15%.
Six compounds were though considered unknown datieely identified (Tab. 4.4).

The analyses proved notable difference in chengoahposition between the two
drying methods and fresh leaves. The differencechemical composition was more
remarkable when fresh and dried samples were cadpahile the difference between the
two drying types was little.

Essential oil of samples grown in Hue is charazggtiby the main constituents being
as follows. The main compound of the essentiabbRau ram was-dodecanal averaging
(48.3-65.5%) followed by decanal (10.6-14.3%), dadel (4.1-10.1%), decanol (4.1-
10.2), bergamotene (3.0-3.6%)humulene (1.7-2.2%) and undecanal (1.5-2.0%).
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Fig.4.9. Chemical formula and MS spectra ofdodecanal and decanal, the

main constituents of the EO of Rau ram.

Out of the named main constituents drying had miltistatistically significant effect
(P<0.05) on four componentst+dodecanal, dodecanol, decanol, undecanal.

In both cases drying increaseedodecanal content (Fig. 4.10); the effect of solar
drying was mild, while the electric dryer causedtistically significant difference
(P<0.05). In fresh leaves the contentneflodecanal was in the range 44-51.5%, while
after drying in the electric dryer the values weven over 70% of total peak area.

There were no statistically significant changesQiBS) in decanal content. Highest
variance of decanal content was recorded in leénoes the electric dryer with values
between 5.3 and 17.7% in the contrary to freshdeaand leaves dried in solar dryer,
where more consistent: 9.5-12.5% and 12.2-17.0%frésh and solar dried leaves,
respectively.

The amount of dodecanol was decreased apparenthyotby types of drying. The
decrease was statistically significant (P<0.05he samples from solar dryer as well as in
those from electric dryer. Fresh leaves contain@@% of dodecanol compared to 5.3%

content after solar drying and 4.1% after dryinghia electric dryer (Fig.4.10).
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Fig.4.10.The effect of drying in solar and electric dryer o
n-dodecanal and dodecanol.

Decanol content was influenced in a similar wayaasdodecanol during the drying
which means the amount of decanol was decreasatktbalf in the average by both types
of drying as well as dodecanol.

Beramotene and-humulene content was slightly decreased by bogardr but there
was no statistically significant difference (P<0.05

Electric drying had statistically significant effeg@<0.05) on undecanal resulting in
notable increase of the amount, while during sdiging the increase was mild. Fresh
samples show the average content of 1.5%, dryirgldatric dryer increased the average
volume to 2.0%.

Remarkable changes were observed at the initiat parthe chromatogram.

Constituents unknown 2 and unknown 3 were obseowndgin the fresh samples while in
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both dried samples they were not detected. Coestitunknown 1 was again recorded in
fresh samples also in two of four samples fromtakedryer but in none of samples dried
in the solar dryer.

There were also other monoterpenes detected aggméeand menthone. Pulegone
was detected in two of four fresh samples, it was present in three of four samples from
solar dryer, but none of the samples from eledtinger showed the presence of this
constituent. For menthone the situation was alikejas present in one fresh sample, in
two samples from solar dryer but there was nongamples from electric dryer. It is an
interesting but not surprising fact. Asekun et @007) recorded similar results for
pulegone and menthone during experiments with drgfifect onMentha longifolia While
in fresh, air-dried and sun-dried leaves the cdraéthese two monoterpenes varied (18.4-
35.0% for pulegone and 37.1-47.6% for menthone)edves dried in electric dryer there
was none and trace amount for pulegone and mentiespectively.

Pulegone is reported to be a potent hepatotoxien &t low concentrations. It is
metabolised in the liver to menthofuran, a highbaative metabolite which binds
irreversibly to the components of liver cells iniah metabolism takes place. It quickly
destroys the liver (Asekun et al., 2007).

Due to the significant reduction of pulegone andnthnene by drying in electric
dryer, this type of drying could be recommendedriher to reduce toxicity.
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Fig.4.11.Relative content of main constituents in Rau raseatial oil under

the influence of different drying types.
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Tab.4.4.Constituents identified in Rau ram EO.

F S E
No. Compound RI 95% confidence 95% confidence 95% confidence
Mean . Mean - Mean .
interval interval interval
1 Unknown 1 n/a 1865,50 1662,83 2068,17 0,00 -202,67 202,67 54,78  -147,92 257,42
2 Unknown 2 n/a 30556 249,50 361,50 0,00 -56,00 56,00 0,00  -56,00 56,00
3 Unknown 3 n/a 555,28 43856 671,95 0,000 -116,70 116,70 0,00 -116,70 116,70
4  Menthone 1155 253,78 -109,65 617,15 178,75 -184,65 542,15 0,000 -363,40 363,40
5 Decanal 1210 6987,28 429950 9675,00 8861,28 6173,50 11549,00 8736,50 6048,75 11424,30
6 Pulegone 1240 1111,78 -576,53 2800,03 147328 -215,03 3161,53 0,00 -1688,28 1688,28
7  Decanol 1275 6718,78 5188,82 8248,68 3084,00 1554,07 4613,93 2769,78 123982 4299,68
8 Undecanal 1305 1001,08 864,30 1137,70 1170,06° 1033,30 1306,70 1331,28 119455 1467,95
9 p-Elemene 1381 548,25 442,86 653,64 447,7%° 342,36 553,14 347,7% 242,36 453,14
10  n-Dodecanal 1411 31978,26 28063,00 3589350  35133,70 31218,50 39049,00 4423350 40318,20 48148,80
11  Bergamotene 1428 223325 1810,10 2656,40 221578 1792,60 2638,90 200550 1582,35 2428,65
12  Aromadendrene 1436 203,50 150,96 256,04 22478 17221 277,29 222,060 169,46 274,54
13 a-Humulene 1448 1442560 122561 1659,39 1331,2% 111436 1548,14 1136,2% 919,36 1353,14
14  Dodecanol 1477 6718,78 542225 8015,25 3240,00 1943,50 4536,50 278550 1489,00 4082,00
15  Sesquisabinene hydrate 1536 257,56 207,62 307,38 28450 234,62 334,38 267,28 217,37 317,13
16  Decanediol 1554 219,560 171,88 267,12 330,78 283,13 378,37 282,50° 234,88 330,12
17  Caryophyllene oxide 1569 293,00 234,84 351,16 392,2% 334,09 450,41 373,78° 31559 431,91
18  Humulene epoxide Il 1595 361,560 296,91 426,10 48750 42291 552,10 436,7%° 372,16 501,35
19  Tetradecanal 1604 577,73 46586 689,64 614,50 502,61 726,39 699,78 587,86 811,64
20 Unknown 4 (MW =218) 1625 1385,00 1023,39 1746,61 1007,2% 645,64 1368,86 930,00 568,39 1291,61
21 Bisabolol 1662 239,78 201,10 278,40 292,28 25360 330,90 29156 252,85 330,15
22  Pentadecanone 1830 507,50 412,18 602,82 397,78 302,43 493,07 434,7% 339,43 530,07
23 Unknown 5 (MW =223)  >2200 276,78 13,29 540,21 360,75% 97,29 624,21 92,00 -171,46 355,46
24  Unknown 6 (MW =223) 2200 128,28 68,94 187,56 236,00 176,69 29531 50,75 -8,56 110,06

RI, retention indices relative to C10 — C25 n-alksn DB-5 capillary column;F, fresh; S, solaredrye, electric dryer



Since the quantization is based upon GC-FID petdgiation data, the accuracy is
potentially limited by a number of factors, inclagico-elution of two or more compounds,
possible sample discrimination during injectionglpédordering and differences in FID
response factors among the components (Pino &0&i3).

Gernot Katzer's Spice Pages (2007) discuss the ositqn of the essential oil,
which is mainly made up of long-chain aldehydes, elgcanal (28%n-dodecanal (44%)
and decanol (11%). Furthermore sesquiterpendsuinulene,s-caryophyllene) account
for about 15% of the essential oil. Hence the im@ation was published on the website, it
was not possible to link it to a scientific pubtica.

Influence of climate on EO yield was already ddssuli above. Also the EO
composition is dependent on such characteristicshasgeographic character of the
location from which the plant is obtained, seasoraiations and climate, production
technique and purity. The effect of plant matuatythe time of oil production and the
existence of chemotypic differences can also draléfi affect the composition suggesting
that ecological condition and or physiological etatould interfere with the presence of
biologically active compounds in the plant. Thesgations are of distinct importance for
the study of biological and pharmacological ad@gtof these natural products, because
the value of an essential oil in aromatherapy bdsetrelated to its chemical composition
(Lahlou, 2004).

According to Starkemann et al. (2006) the strorigusiodour of Rau ram leaves
attributes to aldehydes such as dodecanal and aediais notable that the content of both
compounds was increased by drying. For dodecamakttect was mild in solar drying
while drying in electric dryer had statisticallygsificant effect. The amount of decanal
was also was slightly increased by both types wihdc

In contrary to Starkemann et al. (2006) (Z)-3-heedE)-2-hexenal and (Z)-3-
hexen-1-ol could not be determined by our methoel wuthe negative interference with
solvent peak, caused by the difference in splitlsps injection used by us and by
Starkenmann.

Besides the constituents described in our studgretthave been also another
compounds previously identified v odoratumincluding quercitol, flavonoids, azetidine
2-carboxylic acid, mucous polysaccharides and ster@ompounds including furostanol

glycoside and diosgenin (Rafi and Vastano, 2007).
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During the experiments with French TarragoArtémisia dracunculusL.)
Arabhosseini et al. (2006b) investigated that dyynf leaves at 45 °C resulted in small
changes essential oil, and these qualities are retgined during storage. The changes at
60 °C were large during drying but small duringage. Our results showed that essential
oil composition was close for samples dried in ¢hextric dryer (40°C, 24h) and samples
dried in the solar dryer (47.8-54.6°C, 8h).

The drying effects, dominated by the air tempertmd velocity, were studied by
the differences in the composition of the essenbitgd of lemongrass extracted by
hydrodistillation. The temperature varied from 40 60°C and the air velocities
investigated were 0.2, 0.5 and 0.8 m/s. The frestsontained fewer components than
the dry ones. This can be explained by the fadtttie water solvates the molecules and
the components cannot be extracted. The differebeéseen the air velocities did not
influence the composition of the essential oilst Imfluenced the quantity of the
components in the fractions and the time of thendryPeisino et al., 2005). Since the air
velocity was in close correlation with solar radiat both were important factors in our
study having the biggest influence on final moistaontent and smaller influence on the
essential oil composition.

In dried samples, an increase of terpenoids anayb®panoids was observed,
when compared to fresh samples. In general, dastpkes were slightly richer in oxidized
components occurring at the later part of the clatogram, originating from the thermal
degradation. Their overall impact on the odour props of essential oil is not clear, due
to difficult compounds identification. These peak® minor and based on our general
essential oil sensory evaluation, and we consttntas not having a crucial influence on

the overall odour.
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5. CONCLUSION

The drying tests in our experiment were focusedhenchemical composition and
yield of the essential oil of Rau ram, on its finabisture content and sensory properties in
relation to different types of drying. Interestifigdings were made and can be concluded

as follows:

1. In all samples, out of 24 constituents detectedw&B identified. The main
compound of the essential oil of Rau ram weatodecanal averaging (48.3—
65.5%) followed by decanal (10.6-14.3%), dodec#&adl—10.1%), decanol
(4.1-10.2), bergamotene (3.0-3.6%humulene (1.7-2.2%) and undecanal
(1.5-2.0%).

2. Out of the main constituents drying had mild butistically significant
effect (P<0.05) on four components n-dodecanal, dodecanol, decanol,

undecanal.

3. In both cases drying increasedalodecanal content; the effect of solar drying
was mild, while the electric dryer caused stataljcsignificant difference
(P<0.05).

4, In the case of toxic pulegone and menthone, dryinglectrical dryer or
longer drying interval in solar dryer would be rewoended, in order to

reduce toxicity.

5. The average essential oil yield for each testethdrgnethod was 0.04, 0.03
and 0.025% (w/w) for fresh sample, solar dryer asldctric dryer,
respectively. Drying though did not cause considlerdecrease of EO yield.

6. Final moisture content (% w.b.) of the product freplar dryer was highly

dependent on actual weather conditions, reaching?d FEFMC (% w.b.) in
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ideal conditions and even 23.5% FMC (% w.b.) whba weather was

cloudy and rainy.

Although the drying period in solar dryer was cdesably shorter in
comparison to electric dryer (8h, 24h), the produatn solar dryer reached
1% lower final moisture content (% w.b.) than th®duct from electric

dryer.

Solar drying in double-pass solar-energy dryer feasid to be suitable for
drying of Rau ram and it had lower effect than gledrying on the majority
of compounds, reached suitable final moisture gunté the product and

caused no remarkable changes in sensory properties.
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7. Annex A.

Rau ram sold at local market in Hue.
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8. Annex B.

Placing the insulation tape between two segmengslaf dryer.
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9. Annex C
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Scheme of double-pass solar-energy dryer (cm).




10. Annex D.

Working dryer.



11.Annex E.
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© Ptacek 2008

Electric circuit scheme.

Working fans.
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12. Annex F.

Taking the dried material out of the dryer at thd ef drying process.
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13. Annex G.

Rau ram dried in the solar dryer.
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14. Annex H.

Ketonc electric dryer.

Distillation apparatus.
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15. Annex I.

Comparison of EO yields.

F S E
I I 1] v Mean I I 1] v Mean I I 1l v Mean
EO yield (ml) 0,30 0,57 0,38 0,42 0,418 039 022 020 041 0,305 030 021 0,19 0,37 0,264
EO yield (g9) 0,30 0,50 040 0,40 0,400 0,40 0,20 0,20 0,40 0,300 0,30 0,20 0,20 0,30 0,250
EO content % 0,03 0,05 0,04 0,04 0,040 0,04 0,02 0,02 0,04 0,030 0,03 0,02 0,02 0,038 0,025

F, fresh; S, solar dryer; E, electric dryer



16. Annex J.
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17.Annex K.
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