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ABSTRACT

This study was conducted to contribute to filling the existing knowledge gap on biophysical and chemical properties
of frankincense towards revising the national grades being used in the export market. A biophysical and chemical
study on resins (frankincense, also known as gum olibanum) of Boswellia species from five regions (Amhara,
Benshangol, Oromia, Somali, and Tigray) with special emphasis on the Boswellia papyrifera (Tigray type
frankincense) has been conducted using GC-MS, TLC, Pyrolysis methods and odor tests. 111 samples were
subjected to different analytical treatments most of which were biophysical and some chemical investigations. GC-
MS analysis, odor tests by women of three cities (Harar, Nazareth and Addis Ababa), TLC runs and observations of
Pyrolysis experiment at 400, below 1000 and over 1200°C were used to see if age of tree, origin (Provenance) and
frequency of tapping have had any influence on the quality of frankincense, a major export product of Ethiopia. The
data obtained, helped to see origin, age of tree and color of product to have influences on quality of frankincense.
Headspace GC-MS analysis of frankincense of B. papyrifera at different collection sites and ages of the trees
indicated the presence of n-octylacetate as a major component at varying relative percentage composition. The
harvests resins of Boswellia species from Borena and Ogaden, while exhibiting same even better quality
frankincense for purpose of similar use, were not processed for international market. This paper also presented the
findings of the investigations in such a way that further biophysical and chemical works remain to be performed so
as to see conclusively how the three resin types (Tigray, Borena and Ogaden) are similar and/or different for the
purpose (international trade) sought.

Key words: Boswellia papyrifera; frankincense; Burseraceae; headspace analysisM&@&nalysis.

INTRODUCTION

Boswellia papyrifera (Del) Hochst, is a decidious, gum-producing, npultpose perennial tree, which is tapped on
the stem for a kind of oleo-gum called “olibanuntfué frankincensel-4]. This gum resin is used in medicinal
preparations for the treatment of amenorrhoeds dtso used in treatment of diarrhea, asthmabaoaichitis [5,6].
The Boswellia plants are known to contain several acidic tritegs, some of which show analgesic,
immunosuppressant, antileukemic, hepatoprotectine, anti-inflammatory activities. Most of theseidtes are
based on the inhibition of the enzyme 5-lipoxygeni@s8]. Incensole acetate, a novel anti-inflammatmmpound
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isolated fromBoswellia resin, inhibits nuclear factor-kappa B activati®eing a natural product, frankincense
varies greatly in its ingredients. These variatioas also be found in different varieties of Buswellia tree; whose
botanical classification is:

Division: Spermatophyta
Sub-division: Angiospermae
Tribe: Rosopsida

Sub-tribe: Rosidae s. lat.
Super-class: Rutanae
Class: Anacardiales

Family: Burseraceae
GenusBoswellia

The species are [9B. sacra, also known aBoswellia Roxo or B. carter BirdwB frereana, also known as “Elenni
frankincense”; B. serrata, also known as “Indian frankincenseB. papyrifera, also known as: “Ethiopian
frankincense”(synAmyris papyrifera).; B.rivae; B. neglecta.; and about 10 more species.

It is interesting to note that some literature mepaonentionB. sacra andB. carteri to be different species [2,10].
This may be explained by the fact that frankincersecultivated in different countries by various ams.
Furthermore, the quality of frankincense is defineg geographical trade names and not by the bathnic
classification[9,11]. Frankincense or olibanum is a plant prodlicis an oleo-gum-resin produced by several
species of tree belonging to tBeswellia, which is characterized by resin bearing ductsofi@in frankincense, the
bark of the tree is cut several times to allow atevimilky resin to seep from the wounds. The rasiteft on the
tree to dry in the sun for a few days, after whioh so called resin tears are scraped off. The oblthe resin varies
from light yellow to dark brown. The resin tearssist off11] 60% resin (of which 50% are boswellic acidz)%
rubber, 6-8% bassorine, 5-15% essential oils, (bfifér and nuciliage compounds papyrifera is known to occur

in Ethiopia, Sudan and in some parts of West Affik3] (Vollesen, 1989). Its resin, commonly referredas
“Tigray” or “Keren-type” olibanum, is widely used iEthiopia as incense at home and during religcmiemonies.

It is also an important item of export for formuat of perfumes [13]. Resin from this speciesasnmally obtained
by making an incision on the bark and allowing atevtemulsion to exude out, which slowly dries inlifferent
shaped tears.

Frankincense is a natural product whose ingrediewtg depend on many factors such as region ofmrajimate,
time of harvest and other environmental conditifris14]. An indication of this variance might betained when
comparing the different results of the sampleshefsame species. As frankincense is a highly ajgeecmaterial
in cosmetic products [15] and is gaining more ammtenimportance in other fields such as medicing filés
necessary to develop specific criteria to assurstemt quality of the traded frankincense resin #uedrespective
frankincense products.

Comparison of samples & papyrifera, B. pirottae, andB. frereana were generally found to contain four common
volatiles: camphene, limonene, oepinene, and datsp In summary, limonene was found to be thg @eimmon
compound present in all samples of all investig&3esivellia varieties, as analysed by means of hydrodistihati
Investigations of the resin and essences or extcd@oswellia with regard to the specific volatile constituehts/e
been reported in a series of studies, with chenuilcatacterization procedures enabling a total af\Bilatiles to be
identified. Thediverse volatile constituents listed in Table 1][ikre detected by GC-MS analysis in the respective
species.

In B. papyrifera a total of 56 compounds were identified; 42 by rodistillation; and 27 by SPME. In general,
guantitative determinations have been based otivelpeak area comparisons, as obtained by mea@sCefID
analysis. Thereby, all values have been expressacarcentage of the total overall peak area.

n-Octyl acetate was found in the greatest abundé&®¢&%) inB. papyrifera according to [2], followed byn-
octanol (13.9%). The relative percentagenedctyl acetate in the hydrodistilled oil &. papyrifera was also
reported as 63.6% [17] and 56% [18] (Table 1). Adigation of this variation might be obtained whammmparing
the different results of the samples of the saneeisg [11]. The frankincense Bf papyrifera has different prices
based on its grade and its quality. There wererauipus studies which are based on analysis oftitoests of the
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frankincense oB. papyrifera from different collection sites, ages of the plantl grade. In this study we report the
influence of regions of origin, age of plant anelgfuency of tapping on grade/quality using data f@@GiMS, TLC,
and Pyrolysisexperiments.

Summarizing the data from the analyses of hydrifldigbn extract,a-pinene, limoneney-octyl acetatea-thujene,
and E)-Bocinene can be regarded as those compounds thatleen most frequently reported to be the most
dominant volatile constituents of the frankincedisillate [19,20]. It is not clear whether, foraawple, oxidation or
polymerization processes occurred to a differeteérexbetween samples, so that data might have tieeed with
regard to identification and quantification. In fieuwlar, a general well-known problem is the relatiability of
diverse terpenoids that are prone to oxidatiornrraegement or cyclization processes [19].

Table1l: Relativeconcentration of volatiles (%) of the essential oil obtained by hydrodistillation Boswellia
papyrifera (Martens et al., 2009)

No Volatile B. papyrifera No Volatile B. papyrifera
Hamm et al. (2005) Camarda (2007) | Dekebo et al. (1999)
179 | o-Campholene aldehyde Traces 176 Benzene, 1 methaxgthyl 0.3 nd
9C | Trans«Carveo 0.2 177 | Endc-Borneo nd 1.t
91 | Carvont 0.2 5 Bornyl acetat nd 0.7
15 Cembrene A 1.7 9 Camphene 0.1 0.3
21 p-Cymene 0.2 91 Canvone 0.1 nd
256 | n-Decanoic acid 0.1 17| 1,8 Cineole nd 2.2
106 | n-Decylacetate 0.9 21 p-Cymene 0.4 nd
18¢ | Eucalypto 0.1 10€ | Decylacetat 0.2 nd
25¢ | n-Hexanoic aci 0.2 112 | B-Elemen nd 1.1
260 | Hexylcaprylate 1.2 189 Eucalyptol 0.5 nd
121 | n-Hexylhexanoate 0.9 120 Hexylacetat nd 1.3
123 | Incensol 1.0 11% Geranylacetate 0.1 nd
124 | Incensolacetate 10.8 123 Incensol 0.7 nd
262 | Incensol oxid 04 124 | Incensolaceta 1.7 nd
263 | Incensol oxide acetate 0.1 36 Limonene 4.7 6.5
37 Linalool 0.2 37 Linalool 0.7 3.2
197 | Cis-Linalcol oxide 0.2 208 p-Mentha-6,8-diefie nd 0.7
138 | Nerylacetate 0.1 44 Mycene 0.3 0.7
268 | n-Nonanoic acid 0.5 14B  Octanol nd 8.0
14% | Octano 13.€ 14 | n-Octylacetat 63.5 56.C
269 | n-Octanoic acid 0.8 63| o-Terpinene 0.4 nd
145 | n-Octylacetate 64.6 64 pTerpinene 0.2 nd
53 | o-Pinene 0.5 59 Terpinen-4-ol 0.1 nd
55 | Trans-Pinocarveol 0.1 61 o-Terpineol 0.2 0.5
179 | o-Campholene aldehyde Traces 165 Terpinolene nd 0.4
68 | o-Thujent 0.1 nd
231 | Thuribergene 0.1 nd
171 | Verticilia-4(20),7,11-triene 2.3 nd
234 | Verticellol nd 0.5

Apart from a sensory evaluation of odor quality antensity and a visual appraisal of color, an wizdl
assessment of frankincense quality is currentigd@mgnantly made by means of thin-layer chromatolgyafLC)
and preparative layer chromatography/gas chromapbgrmass spectrometry (PLC/GC-MS), whereby a
fingerprint of specific markers or quality paranretés obtained [7]. The fastest such method isRapid Test by
TLC which was developed by Harfiettlal., (1984) [21].

In comparison to the data provided for the volatiemposition of frankincense, investigations ofatibés from
pyrolysis of frankincense are relatively rare [20]he frankincense material was brought into cantath red-hot
charcoal and the released pyrolysates were thegegunto a cartridge and adsorbed in glass cagrfidigd with
Super Q (Alltech). InB. carteri, the volatiles cemberene A, cemberene C, veitielll(20), 7, 11-triene, incensole
and incensyl acetate were found at relatively lighcentrations without any alteration in their stane. Therefore,
these structures can probably be taken as diagnostikers forB. carteri. Furthermore, 1-octanol andoctyl
acetate were identified and said to cause an awéll sluring pyrolysis. Neither [3] nor [20] tooktmnconsideration
the heat dynamics during pyrolysation. Howevergah be assumed that the evaporating fumes of fraekse
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during pyrolysis exhibit a dynamic pattern accogdio the temperature curve (increase during incenseess, red
heat stage or glowing) and that with regard to semsory quality of the pyrolyzed frankincense optim
temperature ranges need to be considered. Accdydiagemperature-resolved analysis of pyrolysdtesation

and comparison would be of high interest.

None of the volatile components identified in thffedent studies have, according to our knowledger ébeen
attributed to the specific smell of frankincendeislinteresting to note, however, that an olibadik& odour has
been reported elsewhere for a substance foundaimgeroil residue [21] which was identified @s-iso-cascarilla
acid.

The studies summarized here are generally focuseslibstances with high abundances and it is nat elbether
all odour contributing compounds of frankincenseobrspecific frankincense volatiles have thus sp aen

identified. Furthermore, it remains unanswered Wweetthere are substances with frankincense speatfaur

qualities or whether the characteristic smell ahkincense is due to a specific blend of odorastsfien observed
in other food or plant aromas. Further researcthésefore necessary to elucidate the specific itrtton to the

aroma-profile of frankincense and frankincense-jygate.

The main constituents common in frankincense (déipgnon the differenBoswellia species) have been reported to
be a-thujene, a-pinene, myrcene, incensole acetatg;ocimene, duva-3,9,13-triene-1,5a-diol-1-acetate,
phyllociadene, limoneneaj-octanol andn-octyl acetate. Moreover, special attention hasnbe&id to verticilla-
4(20),7,11-triene [3] since this compound has hithdeen identified only in frankincense and notaimy other
biological or plant material. Probably this subs&rcan be suggested as a marker substance foiinftanke
products, although further research is needed. Memyehe specific smell of this compound, if angsmot been
described.

No information regarding the chemosensory contiibbutof individual constituents to the specific odof
frankincense resin can be drawn. Neither quantéatior qualitative data allow for specificationtbe main odor
constituents of these materials. Furthermore, tokmowledge, no attempts have been made to retatesthe
characteristic aroma of frankincense or its specifirieties.

Table 2. Headspace and GC operating conditions

Headspace Parameters
Transfer Temp. 160°C
Oven Temp. 150°C
GC Cycle Time 45 min
Thermostat Time 20 min
Pressurization Time 3 min
Withdrawal Time 0.2 min
Carrier Gas Pressurg 14 psi
GC Parameters
Initial Temp. 60°C
Final Temp. 200°C
Rate 4°C/ min
Thermostat Tim 20 mir
Total Time 45 mir
Inj. Port Temp. 170°C
Pressurization Time 3 min
Withdrawal Time 0.2 min
Carrier Gas Pressurg 14 psi
Column Size 30m x 0.32mm x 0.2 ym
M S Parameter
Mass Scan 45 — 456/7
Max. prog. Temp. 35T
Min. Bleed at: 330C
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EXPERIMENTAL SECTION

GC-MS Experiment

A GC-MS instrument from Agilent Technologies (Sa@ara, CA, USA) was equipped with a 6890N netwGK&
system, 5975 inert mass selective detector, 76&8Bsautosampler injector (10 L in size), G170168/MSD
ChemStation and HR®S column (30 m length x 0.25 mm internal diamet&.25um film thickness) coated with
5% phenyl 95% methyl poly siloxane. All headspaoe &C operating conditions are listed in Table 2.

TLC Experiment
Thin Layer Chromatography, TLC, experiment has bemmducted on 111 samples of olibanum from nortth an
northwestern Ethiopia. The chromatograms were dgeel using-hexane.

Pyrolysis Experiment

For pyrolysis experiment, samples collected frone¢hmajor producing sites (Humera; Metema and Mdteind
also sample from Nazareth export store were firated into three by color (White {Light yellow}; Bwn; and
Dark) and each grade-sample in three replicateg webjected to heat treatment at three temper&tueds. In
priority, melting temperatures of the resins wertedmnined. For all samples melting of a resin beg#pr
temperature of 30C. Then each replica was heated at 3D0below 1000°C and 1208C (directly on red hot
charcoal) until vaporization was completed. Timéadavere collected at these three events: Beginmhg
melting/vaporization; End of melting; and finallyné& of vaporization. In addition, odor, color charegel physical
appearances of residues were checked. The pyraypisriment was conducted by taking equal volunfesaoh
sample, that is using a spoon 1.5 ml of water auth eneasured volume of resin weighed on a top lhedahce of
Switzerland made, SNR 1121323934 and Max. wt.; 680§.01; ltem No. Eo 6120. Each weighed frankirseein
three replicates heated up first on a hotplate Kf OAT No: CB 162; Serial: R000100044; Volts 230z:H50;
Power: 550; thermostated at 4Q0 Similar heat treatments conducted on the sanipl&plicates at temperature
less than 1000 and 1208C. To maintain temperatures with in specified rangered-hot charcoal was the heat
source in both instances and to keep the temperbtiow 1008C samples were put in a can container and then the
can with the sample in it was subjected to vapooize red-hot charcoal. Lastly, resins were diyettdnsferred on

a red-hot charcoal and a red-hot charcoal's tenyeras assumed to be well over 18000and some report it to
reach 120€C.

Odor tests

Oder tests were conducted at Harar, Nazareth amlisAkbaba. Samples separated by production aremékrhy
Metema, Metekel, and Nazareth Export Store) andraWhite or yellow; Dark Brown and Bark) were snedk
over red hot charcoal under typical domestic camalt (household coffee ceremony by women abouttéiveeven
people gathering) at all three cities. Individuzdction to odor test of each smoke was recorded.

RESULTS

GC-MS

All GC (headspace analysis) data obtained from Atdhiversity, Chemistry laboratory indicated tharfkincense
from Humera, Metema, Metekel, Nazareth store, Ogadad Borena have more or less similar features.
Chromatography peaks were significant around timegr retention time ranges; 5 to 10; 15 to 23 3fdo 43
minutes.

Ogaden and Borena samples showed no features b@gomihutes. Resins of these two regions seemristitote
very good amounts of volatile constituents whichegred before the retention time of 15 minuteseBarsamples
maintaining being distinct from those of the Ogadwterials.

Samples from Metekel were pronouncedly varying frilrose of Humera and Metema in the first regiorthaf
chromatogram, which is in the 5 to 10 minutes ran@amples from Metekel featured proximity to thogehe
Borena and Ogaden types. Humera and Metema gaiargimofiles.

Similar patterns were observed between Humera, mist@nd samples collected from the Nazareth sigealy

type). Surprisingly, these features were also ingeceent with samples from old and young trees omkia.
However, medium aged trees of Humera had a vefgrdiit pattern from the old and young trees of saitee
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especially in the first retention time ranges, S.@minutes of the chromatograms and these medged @iees of
Humera gave resemblances to that of Metekel trees.

Resin samples collected front,78", 10" and 11" cycles of tapping of all the three sites’ stordsEthiopia
(Humera, Metema and Metekel) were analyzed. Atstage of the experiment and from this level ofigtut was
not possible to see any effect of frequency of itagpn the quality of frankincense as no differenceatterns
among chromatograms have been observed.

Table 3. TLC of crude extracts of different incense samples (Solvent system: n-hexane)

Group: A Typ | Cyl R Values
Humera-Bkr-KnKr 5 7 50| 5.5] 6.5
Humera-Bkr-KnKr 8 8th 5.9
Metekel-Gub-Fengiso 4 10th 3 5(5 §.9
Metekel-Awi-ZirZir 6 8th 58| 6.9 1
Metekel- 7 8th 5. 6.1 1
Metema-Zbbr-WowGot 1 11t 5b 6/4
Metema-Zbbr-WowGot 2 55 64
Metema-Zbbr-shashge 3 10th 52 %5

Group: B Typ | Cyl R Values
Humer&Bkr-KnKr 5 7" 2.C 5.C | 5.t 6.5
Humera-Bkr-KnKr 8 8th 3 58 65 [
Metekel-Gub-Fengiso 4 10th 3 5(5 5.8
Metekel-Awi-ZirZir 6 8th 58| 6.9 1
Metekel- 7 8th 2 3 58 65 [
Metema-Zbbr-WowGot 1 11th 2.0 3 50 55 4.8 6.5
Metema-Zbbr-WowGot 2 2.( 3 5p 55 58 §.5
Metema-Zbbr-shashge 3 10th 200 50 55

Group: C Typ | Cyl Rr Values
Humer&Bkr-KnKr 5 " 3 5.£ ] 6.€
Humera-Bkr-KnKr 8 8th 3 58 6.6
Metekel-Gub-Fengiso 4 10th ft 58 4.6 |7
Metekel-Awi-ZirZir 6 8th 4 58 6.4 1
Metekel- 7 8th 4 54 6. y
Metema-Zbbr-WowGot 1 11th
Metema-Zbbr-WowGot 2 3 58 66
Metema-Zbbr-shashge 3] 10h | [3 ] 58 6.6

Group: D Typ | Cyl Rr Values
Humera-Bkr-KnKr 5 i 6.6
Humera-Bkr-KnKr 8 8th
Metekel-Gub-Fengiso 4 10th
Metekel-Awi-ZirZir 6 8th
Meteke- 7 8th 5.6 | 6.€
MetemeZbbr-WowGot 1 11tk 5.6 | 6.€
Metema-Zbbr-WowGot 2 58 66
Metema-Zbbr-shashge 3 10th

Group: Trees Age | Typ Rr Values
Humera-Bkr-KnKr Old 1
Humera-Bkr-KnKr Old 2 2.4 5.9
Humera-Bkr-KnKr Old 3 2.4 5.9
Humera-Bkr-KnKr Old 10| 2.4 5% 6.
Humera-Bkr-KnKr Old 11 54 6.
Humer&Bkr-KnKr old 12 6.5
Humer&Bkr-KnKr Med 4 2.4 5.t
Humera-Bkr-KnKr Med 5 2.4 5.5
Humera-Bkr-KnKr Med 6 2.4 5.5
Humera-Bkr-KnKr Sml 7 2.4 5.5
Humera-Bkr-KnKr Smi 8 2.4 5.5
Humera-Bkr-KnKr Sml 9 2.4 5.5
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Table 3. Continued

Group: Trees Age | Typ R Values
Meteke-Guk-Fen¢ Old 53 3 5.E
Meteke-Guk-Fen¢ Old 54 3 5.5
Meteke-Guk-Fen¢ Old 55 3 5.E
Metekel-Gub-Feng Old 62 56
Metekel-Gub-Feng Old 63
Metekel-Gub-Feng old 64 B 55
Metekel-Gub-Feng Med 59 B 5[5
Metekel-Gub-Feng Med 60| B 5[5
Metekel-Gub-Feng Med 61] B 5[5
Metekel-Gub-Feng Sml 56 B 5[5
Metekel-Gub-Feng Sml 57| B 5[5
Meteke-Guk-Fen¢ Sml 58 3 55| 6
Metekel-Awi-kebtale Med 76 3 5.5 q 6|6
Metekel-Awi-kebtale Sml 78 3 5.5 q 6|6
Metekel-Awi-kebtale Sml 79 3 5.5 q 6|6
Metekel-Awi-kebtale Sml 80 3 5.5 q 6|6
Metekel-Awi-Bbs Old 81 5.5 6 6.6
Metekel-Awi-kebtale Old 82 3 5.5 q 66
Metekel-Awi-kebtale Old 83 3 5.5 q 66
Metekel Sml 84 4.2 6.6
Metekel Sml 85 4.2 6.6
Metekel Sml 86 4.4 6.
Metekel Med 87 4.5 6.
Metekel Med 88 4.6 6.
Meteke Med 89 4.7 6.€
Meteke-Bbs 9C 6.5 | 7

Group: Trees Age | Typ Rr Values
Metema-Bbr Old 27| 2.4 56 65
Metema-Bbr Old 29| 24
Metema-Bbr Old 36| 24 6.5
Metema-Bbr Old 37| 24 56 65
Metema-Bbr Old 38| 24 56 65
Metema-Bbr Med 30 5. 5p 65
MetemeBbr Med 31 3 5.E
MetemeBbr Smi 33 | 24 5.€ | 6.5
Metema-Bbr Sml 34| 24
Metema-Bbr Sml 35 5. 6.p
Group: Nazareth-Store | Age | Typ R Values
Nazareth-Store Whitd 1A B 65 |7
Nazareth-Store Whitd 2A B 65 |7
Nazareth-Store Whitg  3A B 44 6|5 |7
Nazareth-Store Brwn| 4A] 4.4 6|5 |7
Nazareth-Store Brwn| 415 44 6.5 |7
Nazareth-Store Bark| 5A B 65 |7
Nazareth-Store Brwn| 1B| B 44 6|5 |7

TLC

Thin Layer Chromatography, TLJ able 3) experiment has been conducted on 111lsarapolibanum from north
and northwestern Ethiopia. The chromatograms weweldped usingi-hexane and showed that in all cases three
distinct spots were identified confirming to whaishbeen the case with GC results. Based on therg$@ts alone,

it was not possible to see differences betweemnsgiage, and frequency of tapping.

Pyrolysis Experiment

Vaporization lasted longer at low temperature {@)Oheat dynamics and to almost same period when hea
temperature has been raised to P20(rable 4). The average time for all cases at %20@as 2-4 minutes.
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Odor Test

The odor test conducted at three towns (Harar, f¢tzaand Addis Ababa) over charcoal heating irntdiddhat the
white resin from Humera had a different acid sntiein the smokes from the other two regions (Metame
Metekel). And the frankincense from Metema hadkticsmokes but without the good pleasant smell.

Table 4. Pyrolysis Experiment of incense samples

Average
9A,Naz 30.333
9B,Naz 19.817

9C,Naz 15.1
9D,Naz 29
Average
9A,Naz 14.867
9B,Naz 10.05
9C,Naz 12.667
9D,Naz 29
Average
9B,Naz 2.2
9C,Naz 13.12
9D,Naz 2
Average
8A,Hum 29

5A,Hum 31.333
8B,Humr 25.66"

4B,Hum 28
8C,Hum 15
5C,Hum 11.667
8D,Hum 34.333
Average
8A,Humr 14.767

5A,Hurr 16.33¢

8B,Hum 12
5B,Hum 12.333
8C,Hum 11.667
5C,Hum 14.667

8A,Hum 3
8B,Hurr 6.3¢
5B,Hum 7
8C,Hum 6.48
8D,Hum 2.48
5D,Hum 1
Average¢

7AMtk 27.333
6A Mtk 39.667
4A,Mtk 26.333
4B,Mtk 20
4C Mtk 13

7D,Mtk 29.333
6D,Mtk 31.667
Average
7A Mtk 14.667
6A,Mtk 24.667
4A,Mtk 25.667

4B,Mtk 13
4C,Mtk 12.667
7D,Mtk 23
6D,Mtk 22.667
7A Mtk 3.22
6A,Mtk 2
4A Mtk 4.8

7B,Mtk 13.12
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Table 4. continued

Average
4B,Mtk 4.48
5C,Mtk 4.4
7D,Mtk 1.3
6D,Mtk 2
Average

3A,Mtm 21.667
2A,Mtm 21.557
1A Mtm 20.763
3B,Mtm 14.667
2B,Mtm 15
1BMtm 15.667
3C,Mtm 15.333
2C,Mtm 7.3833
3D,Mtm 25.367

2D,Mtm 25
1D,Mtm 22.667
Average

3A,Mtm 8.6667
2A,Mtm 16.667
1AMtm 10.667

3B,Mtm 8.1
2B,Mtm 10
1B,Mtm 15
3C,Mtm 15
2C,Mtm 13.667
3D,Mtm 6
2D,Mtm 6.15
1D,Mtm 7.0¢
Average
3A,Mtm 2.45
2A,Mtm 35
1A Mtm 4
3B,Mtm 4
2B,Mtm 4.1
1B,Mtm 7.7
3C,Mtm 3.48
2C,Mtm 3.1
2D,Mtm 1
1D,Mtm 14

Ambient Temperature

In Table 5 the minimum and maximum ambient tempeest of the three regions where samples of fraekise
were collected are shown. The samples were cofléntéhe first two weeks of October, 2009, and datambient
temperatures of the regions were available foroupgécember 2006; consistent data for the thre@msgin October
were those of the year 1999 and 2000, and henegedflt could be said that the ambient night aeyltdmperature
around Humera is the highest and that of Metekiflddowest of the three regions.

Table 5. Ambient Temperature of different incense samples

Station | Element Year | Oct | Station | Element Year | Oct
Metekel | TMPMIN | 1999| 17.3 Metekdl TMPMAX 199p
Metekel | TMPMIN [ 2000| 17.1 Metekg TMPMAX 200D
Metema| TMPMIN| 1999| 18.4 Metemp TMPMA] 1999 31
Metema| TMPMIN| 2000 18.4§ Metemp TMPMA} 2040
Humer: | TMPMIN 199¢ | 20.z | Humer: | TMPMAX 199¢ 34
Humer¢ | TMPMIN | 200C | 20.E | Humer: [ TMPMAX | 200C | 36.z
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DISCUSSION

Figures 1-8 and Tables 6-8 show data from GC-M3yaizaconducted at Ambo University instrumental tftthe

Chemistry Department, Ethiopia. Relative percerdagmuild not tell much about variations of volatiienstituents
present in samples brought to the lab from Humdetema, Metekel, and Nazareth export store. Tahl&s and 8
in their first columns showed 28 to 30 differenbstances. Any one constituent has been shown fordsent in
almost all samples. The relative percentage of mposition is slightly varying between samples. Hygrdte
analysis is one of the rapid methods to analyzatilelcomponents of frankincense samples. In atidas analyzed
n-octylacetate was the major component but its ikegbercentage was less than that of hydrodistiigaf the

same plant resin [2,11,17,18].

The figures 1-8 (Chromatograms), though, clearlyicted existence of variation among samples. Thesi&s from
Metekel gave different feature from those of Huméfdatema and Nazareth. While samples from the thoeeces
(Humera, Metema and Nazareth) did show similariiégures 1, 7, & 8).

When Figures 5 and 6 are scrutinized frankinceasgptes from Metekel seemed to contain substaneg¢sith also
predominant in samples of Borena and Ogaden. Coemierwhich appeared before fifteen minutes on the G
showed certain similar features between MeteketeBa and Ogaden resins. Additionally, the threepsesnin no
uncertain terms were found to be different physibemically, which was also clear on their chromedags. The
Borena and Ogaden resins came out with profilé8@MS analysis very different from each other.

Fig.1 Comparison of headspace analysis of different incense samplesfrom Humera, M etema and M etekel.
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At this stage of GC-MS analysis result one couldrdedly state that frankincense varies with logal# could be
witnessed from the GC-MS data presented in thisepaphe Tigray (Humera, Metema, and Metekel) type-
frankincense itself when subjected to GC-MS, TL@oB/sis, and Odor treatments did show quality atons.
Variation has been observed with respect to orgid age of trees. Frequency of tapping, in thidysghowed no
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influence on the quality of resin in all cases. &@obf olibanum was found to matter in the qualifytioe tree
product. The bark was found to give similar votatilonstituents more or less as that of the whitkgbt yellow

grade of frankincense. The black or brown frankirsgefrom all sites gave similar results. The franknse from
Humera gave acid smell during the odor test coradlict three cities. Frankincense from Metema wag smoky

without the sweet odor of frankincense. Metekelre®a and Ogaden types gave more or less similasahd odor
during red charcoal treatment. The literature deaocsimilar works on Ethiopian olibanum indicatibe lack of
related work in general and publications in patticu

Volatile components of resins Bf papyrifera might be used in perfume industry and as additivggeparation of
antibacterial incense sticks [22]. Previous stadyolatile components of the resinRiftacia lentiscus using GC-
MS indicates presence of sesquiterpenoids as roajpponents [23].

Fig.2 Comparison of headspace analysis of different incense samples from Humera.
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Fig.3 Comparison of headspace analysis of different incense samplesfrom M etema.
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Fig.4 Comparison of headspace analysis of different incense samplesfrom Metekel
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Fig.5 Comparison of headspace analysis of different incense samplesfrom Tigray, Borena, and Ogaden
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Fig.6 Comparison of headspace analysis of different incense samplesfrom M etekel, Borena, and Ogaden.
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Fig.7 Comparison of headspace analysis of different incense samples from Tigray (The seven Grades) and Humera
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Fig.8 Comparison of headspace analysis of different incense samplesfrom Tigray, Tigray 1B, and Humera.
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CONCLUSION

Quality of frankincense for the purpose of traddaesawith color, provenance and age of tree. At tage, it would
be unwise to conclude that the frankincense frormeha, Metema and Metekel are chemically differkelawever,
quality of tree product goes with color (white gghit yellow, brown to dark brown). Dark is not te laken as
inferior as it was repeatedly determined to givailsir results of volatile constituents as that loé¢ ffirst grade
frankincense. Thus the current grading system basedolor and size should take into account thisreBa and
Ogaden types were found to have substances ofasimdture as that of the Metekel in particular witgard to
marketing frankincense for similar reason. Frankitee from Borena and Ogaden need require furtbhdy ¢both
in terms of product quality and handling methods)tisat the current system could also be revisited these
products could be marketed in the internationalketaas or even at a better quoted price than fraekise from
Tigray, currently exported frankincense. Our prétiany biochemical data obtained so far, which netedbe
supplemented with further studies, shows that titergial from Borena and Ogaden trees seems vegty kising
these findings in the practice of product harvegstind handling will have huge commercial implicaion making
products from Borean and Ogaden area ready forettport market, and in redefining the currently used
conventional grading system in Ethiopia.
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