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Frankincense (syn. Olibanum) is the name for the 
resinous exudate from trees in the genus %RVZHOOLD 
(Burseraceae: Sapindales). The resin is composed of 
a mixture of terpenes, terpenoids, and gum, and is 
produced and stored in canals in the inner bark. The 
resin functions to protect the tree in response to 
pathogen and insect attacks, and humans have used it 
for thousands of years both in religious ceremonies 
and for its transcending and medicinal properties 
(Groom, 1981; Langenheim, 2003; Pickenhagen, 2017). 
It was used in Mesopotamia as early as 3,000 B.C. 
to honor the gods and has been found in ancient 
Egyptian tombs (Archier and Vieillescazes, 2000; 
Mathe HW�DO., 2004; Hamm HW�DO., 2004; Pickenhagen, 
2017). Frankincense also makes an appearance in the 
works of the Roman naturalist Pliny the Elder and 
was praised by the renowned Islamic doctor Ibn Sina 
(Avicenna). 

Modern science has upheld many therapeutic prop-
erties of Frankincense. More than 300 chemical 
components have been isolated from the essential 
oils alone, and together with the resin have analgesic, 
DQWL�LQÁDPPDWRU\��DQWLPLFURELDO��DQWLVHSWLF��SV\FKRDF-
tive, and sedative properties (Gupta HW�DO., 1997; Mer-
tens HW�DO., 2009; Moussaieff and Mechoulam, 2009; 
Rashan HW�DO., 2019; Rhind, 2019). It is also extensively 
used in Ayurvedic medicine, Oriental medicine, and 
perfumery. 

Varieties 
The taxonomy of %RVZHOOLD is dynamic, with recent 
years seeing both the addition and removal of spe-
cies from the genus (Thulin, 2007; Thulin HW�DO., 2008; 
Thulin HW�DO., 2019; Thulin, 2020). This is partially due 
to new species being discovered, and genetic or 
comprehensive analyses that have revealed species 

differentiation. There are 23 recognized species, with 
a 24th species provisionally described from photo-
graphs (Thulin, 2020). Almost all 23 species are used 
for medicine or incense locally where they occur; 
approximately nine (39%) varieties experience signif-
icant international trade (Table 1). Although Frankin-
cense essential oils are best known for their resinous, 
balsamic, and citrus-peppery notes, their fragrance 
SURÀOHV�DUH�GLYHUVH��7DEOH�����5DWKHU�WKDQ�WKLQNLQJ�RI�
Frankincense as a single product, we should see it for 
what it is: a rainbow of diversity – in scent, chemistry, 
therapeutic action, and conservation status. 

Common essential oils used in Aromatherapy are 
sourced from %RVZHOOLD�VDFUD (Oman and Yemen), B. 
FDUWHUL and %��IUHUHDQD (Somaliland1 and Somalia); B. 
VHUUDWD (India). %��QHJOHFWD (Kenya, Ethiopia, Somalia), 
%��ULYDH (Ethiopia, Somalia), and %��SDS\ULIHUD (Ethiopia, 
Sudan, Eritrea) also make an occasional appearance, 
while %��GDO]LHOLL�(Burkina Faso, Nigeria, Mali) and B. 
RFFXOWD (Somaliland) are substantially rarer oils only 
now making an appearance on the international mar-
ket in pure form (DeCarlo HW�DO., 2019a; DeCarlo HW�
DO�, 2019b; Johnson HW�DO., 2019a; Johnson HW�DO�, 2019b; 
Thulin, 2020) (Table 1) (Figure 1).

Non-commercial species are most often used local-
ly. %RVZHOOLD�SLURWWDH (Ethiopia) is used as incense in 
churches, while %��RYDOLIROLRODWD (India), %��HORQJDWD, B. 
VRFRWUDQD, and %��DPHHUR (Socotra) are used locally in 
traditional medicine for oral health, to calm an upset 
stomach, for cuts or lesions, and to ward off “evil 
spirits” (Miller and Morris, 2004; Thulin, 2020). They 
may also come to market as adulterants of other 

1 Although not internationally recognized, Somaliland has functioned in-
dependently since 1991 with a separate government, currency, military, 
health, legal, and education systems, and stable democracy.
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%RVZHOOLD spp. Country/region Common resin 
name(s)

Major components Therapeutic 
activity

)UDJUDQFH�SURÀOH

FDUWHUL Somaliland 
Somalia (Puntland) 

Beeyo, Mohor (tree) D-pinene, D-thujene, 
myrcene, sabinene, 
limonene, G-3-carene, 
YLULGLÁRURO��p-cymene, 
E-caryophyllene

Antimicrobial; Antiviral; Anti-in-
ÁDPPDWRU\��$QDOJHVLF��&KRQGUR-
protective; Anxiolytic; Vulnerary; 
Anti-acetylcholinesterase; Anti-
fungal; Antinociceptive; Cannabi-
mimetic; Immunostimulant

Fresh; Rich; Floral 
(blossom); Sweet-res-
inous; Slightly citrus 
(lemon); Slightly co-
niferous

GDO]LHOLL Burkina Faso 
Mali 
Nigeria

Janawhi; Cricognimu D-pinene, myrcene, 
limonene, D-thujene, 
p-cymene

Antimicrobial; Antiviral; Anti-in-
ÁDPPDWRU\��$QDOJHVLF��&KRQ-
droprotective; Antibronchitic; 
Gastroprotective; Anxiolytic; 
Vulnerary; Anti-acetylcholines-
terase; Antifungal

Fresh; Earthy-res-
inous; Coniferous; 
Green-lemon like; 
Sweet-woody

IUHUHDQD Somaliland 
Somalia (Puntland) 

Maydi; Yagcar (tree) D-thujene, D-pinene, 
p-cymene, sabinene

Antimicrobial; Antiviral; Anti-in-
ÁDPPDWRU\��$QDOJHVLF��$Q[LRO\WLF��
Antifungal; Anti-acetylcholines-
terase

Fresh; Rich; Slight-
ly sweet resinous; 
Woody; Earthy; Black 
peppery

QHJOHFWD Ethiopia
Kenya
Somalia (Puntland)

Borena Type 
Olibanum (Ethiopia); 
Dakkara (Kenya)

D-pinene, D-thujene, 
terpinen-4-ol, 
p-cymene

Antimicrobial; Antiviral; Anti-in-
ÁDPPDWRU\��$QDOJHVLF��&KRQGUR-
protective; Anxiolytic; Vulnerary; 
Anti-acetylcholinesterase; Hypo-
tensive; Antinociceptive

Resinous; Sweet-
woody; Balsamic; 
Citrus

RFFXOWD Somaliland Mohor madow; 
Beeyo

methoxyalkanes, 
4,10-di-HSL-guaiol, 
serratol

Antiprotozoal; Anti-
LWFK��$QWL�LQÁDPPDWRU\��FXWD-
neous)

Fresh; Etherial 
green-resinous; Vanilla 
creme

SDS\ULIHUD Ethiopia
Eritrea
Sudan

Etan; Tigray Type 
Olibanum (Ethiopia)

Octyl acetate, 
octanol

$QWL�LQÁDPPDWRU\��$Q[LRO\WLF��
Antispasmodic; Analgesic

Slightly black lico-
rice-sweet; Amber-
gris-like; Sour citrus; 
Leathery-terpeney

ULYDH Ethiopia
Somalia
Kenya

Mirafur; Ogaden 
Type Olibanum

D-pinene, E-pinene, 
G-3-carene, limonene

Antimicrobial; Antiviral; Anti-in-
ÁDPPDWRU\��$QDOJHVLF��&KRQ-
droprotective; Antibronchitic; 
Gastroprotective; Anxiolytic; 
Anti-acetylcholinesterase; Immu-
nostimulant; Mucolytic

Diffusive; Sweet-res-
inous; Slightly black 
peppery; Green 
lemon-like; Fresh-co-
niferous; Balsamic

VDFUD Oman
Yemen

Hoojri; Najdi; 
Shathari; Shaabi

D-pinene, myrcene, 
sabinene, limonene, 
G-3-carene
E-E-ocimene/limo-
nene chemotype

Antimicrobial; Antiviral; Anti-in-
ÁDPPDWRU\��$QDOJHVLF��&KRQ-
droprotective; Antibronchitic; 
Gastroprotective; Anxiolytic; 
Vulnerary; Anti-acetylcholines-
terase; Mucolytic

Rich; Fresh; 
Sweet-resinous; 
Slightly woody; 
Green-peppery; 
Sweet-coniferous

VHUUDWD India Dhup; Salai; Salai 
Guggul

D-thujene, D-pinene, 
camphene, sabinene, 
E-pinene, myrene, 
limonene, 
E-phellandrene

$QWLPLFURELDO��$QWL�LQÁDPPDWRU\��
Analgesic; Antifungal; Sedative; 
Antinociceptive

Sweet-resinous; Black 
peppery; Earthy-resin-
ous; Terpeney

Therapeutic activity: Camarda HW�DO., 2007; Mertens HW�DO�, 2009; Abbas HW�DO., 2016; Al-Yasiry and Kiczorowska, 2016; 
Azam HW�DO., 2016; Mikkhaeil HW�DO., 2003

Table 1. Nine common internationally traded %RVZHOOLD spp., their geographic location, vernacular name(s), major chemical components, 
UHSRUWHG�WKHUDSHXWLF�DFWLYLWLHV��DQG�IUDJUDQFH�SURÀOH�GHVFULSWRUV�

Figure 1. Frankincense resins collected from (L to R): %RVZHOOLD�GDO]LHOLL, %��ULYDH, %��SDS\ULIHUD, and %��FDUWHUL. Photos © Stephen Johnson.
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products – %��RYDOLIROLRODWD�is sometimes used as a re-
placement for &RPPLSKRUD�ZLJKWLL resin, and %��PLFUR-
SK\OOD and %��RJDGHQVLV (Southern Ethiopia) resin may 
be collected alongside other Frankincense and Myrrh 
resins (Saha HW�DO., 2015; SPJ pers. obs. February 2020).

%��VDFUD or %��FDUWHUL? 
There has been a long-running debate about whether 
%��VDFUD from Oman and Yemen and %��FDUWHUL from 
Somaliland and Somalia are separate or the same 
species. Most botanists have considered them to be 
the same but highly variable species called %��VDFUD�
(Thulin and Warfa, 1987; Thulin, 2020). The reason is 
that there is a shared continuous range of variation, 
and many intermediate characteristics between what 
is thought of as classic %��VDFUD and classic %��FDUWHUL. 
However, there are some observable differences. Bo-
VZHOOLD�VDFUD tend to have curly leaves, multiple trunks, 
and dense crowns while %��FDUWHUL�WHQG�WR�KDYH�ÁDWWHU�
leaves, a single trunk, and thinner crowns (Figure 2). 
Further, %��VDFUD tends to produce oils with 60%+ 
D-pinene with many minor components while B. 
FDUWHUL is known for oils with less than 50% D-pinene 
DQG�VLJQLÀFDQW�RWKHU�FRPSRQHQWV�VXFK�DV�OLPRQHQH��
myrcene, and sabinene (Table 2, p48). Woolley HW�DO. 
(2012) also found distinct differences between these 
species based on enantiomeric pair ratios and optical 
rotation. Yet, there have been documented reports 
of each species taking the opposite appearance and 
producing oils more consistent with the other spe-
cies, even though are in different geographic locations  
�7DEOH�����7KHUH�DUH�DOVR�UHSRUWV�RI�LQWUDVSHFLÀF�
chemical variations within the same geographic loca-
tion (Al-Saidi HW�DO., 2012; SPJ personal communication 
about unpublished research samples, October 2018).                 

Figure 2. %RVZHOOLD�FDUWHUL trees in Somaliland (L) vs. %��VDFUD tree in Oman (R). Left photo © Stephen Johnson, right photo © Dr. S. Canney Davison.

In summary, the prevailing opinion among some ex-
perts is that there is a single, variable species called 
%RVZHOOLD�VDFUD. Still, genetic studies need to be con-
GXFWHG�WR�GHÀQLWLYHO\�GHWHUPLQH�WKHLU�VWDWXV��DQG�LW�
is suggested to maintain the use of different names 
since %��VDFUD and %��FDUWHUL�GHQRWH�VSHFLÀF�H[SHF-
tations of the origins of their oils, chemistry, and 
IUDJUDQFH�SURÀOHV��

The tapping process involves making cuts into the 
bark of the trunk and/or branches. The resin is found 
in canals located in the bark, and when cut, the resin 
seeps to the surface of the wound and can easily 
be collected (Figure 3). The trees are not harvested 
until they have grown to 10-20cm in diameter, which 
generally takes 10-40 years in the wild (Lemenih and 
Kassa, 2011; DeCarlo HW�DO., 2017). The trees’ lifespan 
is poorly known but is estimated to be around 100 
years and possibly up to several hundred years in 
rare cases (Farah, 2008; Tolera HW�DO., 2013). Each 
)UDQNLQFHQVH�VSHFLHV�KDV�D�VSHFLÀF�VHDVRQ�FRQVLG-
ered the best for resin collection, typically a period 
of 3-6 months during the dry season (mostly No-
vember-April; Somaliland—also June-September). 
Tapping trees outside of the dry season is considered 
poor practice by most traditional knowledge sys-
WHPV��7KH�ÀUVW�WDSV�DW�WKH�EHJLQQLQJ�RI�WKH�VHDVRQ�DUH�
very shallow, barely cutting into the bark—harvesters 
sometimes refer to this as ‘priming the tree’ to pro-
duce resin. Most Frankincense trees should receive 
between 3-16 cuts, depending on the size and health 
of the tree (although overharvesting2 by putting

2 Overharvesting refers to putting too many cuts on an individual tree 
or cutting too deeply into the tree.
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more than 16 cuts on a single tree is common in 
some areas). After harvesters have put the initial 
taps on the tree, they wait for a period of approxi-
mately 2-3 weeks for resin production. Subsequently, 
the resin is scraped off of the tap, and the wound 
is reopened slightly deeper to allow more resin to 
exude. This cycle repeats 6-12 times for the rest of 
the harvesting season. The last 2-3 tapping cycles are 
highly productive and often produce the best quality 
Frankincense because at this stage, the resin canals 
are larger, numerous, and deeper (Lemenih and Kassa, 
2011; Al-Aamri, 2014; DeCarlo HW�DO., 2017). One tree 
can produce on average 0.5 kilos of resin per year 
(Ali HW�DO., 2009; Al-Aamri, 2014; Tolera HW�DO., 2015; 
Cherenet HW�DO., 2020). Traditional practices most 
often mandate a rest period for the trees to allow 
them to regain their vigor. While the period varies 
from species to species, it is generally thought that 
after 2-3 years of tapping, the tree should be allowed 
to rest (untapped) for 1-2 years. A tree that lives 
until 100 and is actively tapped after reaching for 
example 10 years of age should, at the very most, be 
actively tapped for 67.5 years, or 75% of its life.

Conversely, natural collection involves no tapping. 
%RVZHOOLD�QHJOHFWD and %��ULYDH are generally untapped 
(Table 3). Instead, the resin periodically bursts 
through their bark, due to minor insults from grazing 
animals or simply built-up pressure, and can be col-
lected from the bark or the ground around the tree.

Once collected, resin is often sorted into different 
grades based on perceived quality. Grading systems 
differ for each species but are typically based on the 
size and color of the resin tears. Larger, lighter-col-

%RVZHOOLD�spp. Country Tear grade Harvesting method(s) Notes

FDUWHUL Somaliland
Somalia

Grades 1-3 Actively tapped

GDO]LHOLL West Africa Not graded Actively tapped and untapped Traditionally, bark is harvested, and resin is a byproduct; 
some trees are being transitioned to active tapping

IUHUHDQD Somalia Grades 1-5 Actively tapped  

QHJOHFWD Kenya Not graded Untapped  

RFFXOWD Somaliland Grades 1-3 Actively tapped  

SDS\ULIHUD Ethiopia
Sudan

Grades 1-5 Actively tapped

ULYDH Ethiopia Not graded Untapped  

VDFUD Oman Grades 1-4 Actively tapped Grades are sometimes subdivided (e.g. Hojary divided into 
Royal Green Hojary and regular Hojary)

VHUUDWD India Grades 1-4 Actively tapped  

Table 3. The tear grades and harvesting method within each country of nine common internationally traded %RVZHOOLD spp.  

Figure 3. (L) Proper harvesting tap on %��SDS\ULIHUD tree, with hand to 
show size. Just below the current tap is a dark patch where the previ-
ous year’s tap is healing. Photo © Stephen Johnson. (R) Proper harvest-

ing tap on %��FDUWHUL tree, Somaliland. Photo © Anjanette DeCarlo

ored tears are considered more desirable in most 
species; tears with bits of bark stuck to them are 
considered less desirable. This does not hold true in 
%��ULYDH, %��GDO]LHOLL, and %��QHJOHFWD, which are not grad-
HG��7DEOH�����%XUÀHOG��������UHSRUWV�WKDW�RLO�TXDOLW\�
is dependent on the grade of the tears whereby the 
superior grades are the freshest, yield more oil, and 
KDYH�DQ�LGHDO�IUDJUDQFH�SURÀOH��&RQYHUVHO\��$O�6DLGL�HW�
DO. (2012) found no correlation between traditional 
grade and yield or composition. Furthermore, many 
buyers of resin for distillation often don’t bother to 
grade the resin as it has not been found to consis-
tently affect yield or composition, with the exception 
of some variations characterized by greater volatil-
ization and oxidation in the lower grades due to the 
larger relative surface area of smaller tears, com-
pared to an equal volume or weight of larger tears 
from the same tree (SPJ pers. comm. with industry). 
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Land tenure and management systems
Actively tapped species generally have much stron-
ger land tenure systems in place than do untapped 
species because of the energy investment in tapping. 
Land is typically privately owned by individuals, by 
the government, or is communal land (Farah, 1994; 
Lemenih and Kassa, 2011). Privately owned land is 
commonly passed down patrilinearly, with the land-
owner either choosing to harvest the land them-
selves or rent it out to landless harvesters (Table 4). 

%RVZHOOLD 
spp.

Country Conservation 
status

Assessment 
year

Threats Land tenure & management systems

FDUWHUL Somalia
Oman
Yemen
(Global)

NT 1998 Overharvesting, insect 
attack

Family-owned/controlled farms, land often rented to 
FRQWUDFW�KDUYHVWHUV��OLWWOH�RXWVLGH�LQÁXHQFH

FDUWHUL Somalia
Oman
Yemen
(Global)

VU (preliminary 
assessment)

in progress Overharvesting, insect 
attack

Family-owned/controlled farms, land often rented to 
FRQWUDFW�KDUYHVWHUV��OLWWOH�RXWVLGH�LQÁXHQFH

GDO]LHOLL West
Africa 
(Global)

LC (preliminary 
assessment)

in progress Bark harvesting, 
grazing

Communal grazing land, open access dominated by peo-
ple from villages nearby

IUHUHDQD Somalia 
Somaliland 
(Global)

VU (preliminary 
assessment)

in progress Insect attack, frag-
mented populations

Family-owned/controlled farms, land often rented to 
FRQWUDFW�KDUYHVWHUV��OLWWOH�RXWVLGH�LQÁXHQFH

QHJOHFWD Ethiopia 
Somalia
Kenya
(Global)

LC (preliminary 
assessment)

in progress Grazing Communal grazing land, open access dominated by peo-
ple from villages nearby

RFFXOWD Somaliland 
(Global)

EN (preliminary 
assessment)

in progress Small area of occu-
SDQF\�����KDELWDWV��
overharvesting, insect 
attack

Family-owned/controlled farms, land often rented to 
FRQWUDFW�KDUYHVWHUV��OLWWOH�RXWVLGH�LQÁXHQFH

SDS\ULIHUD Ethiopia VU (preliminary 
assessment)

in progress 2YHUKDUYHVWLQJ��ÀUH��
grazing, insect attack, 
land conversion

Land owned by government, leased either to exporting 
companies as concessions with private contract harvest-
ers, or granted to local cooperatives of harvesters 

ULYDH Ethiopia 
Somalia
Kenya
(Global)

LC 2018 Grazing Communal grazing land, open access dominated by peo-
ple from villages nearby

VDFUD Somalia
Oman
Yemen
(Global)

NT 1998 Overharvesting, 
grazing

Family-owned packets of tribal land; almost all harvesting 
contracted to outside harvesters

VDFUD Somalia
Oman
Yemen
(Global)

VU 
(preliminary 
assessment)

in progress Overharvesting, 
grazing

Family-owned packets of tribal land; almost all harvesting 
contracted to outside harvesters

VHUUDWD India
(Global)

LC
(preliminary 
assessment)

in progress Overharvesting, land 
conversion, grazing

Unknown; at least some harvesting in protected areas by 
local communities

VHUUDWD India 
(Delhi)

Interesting, Rare 
and Threatened

2015 Unknown Unknown

Land owned by the government (a common system 
with Ethiopian %��SDS\ULIHUD) may be rented as a 
concession to private companies or granted to local 
cooperatives. Harvesters are often organized into 
small work parties headed by a leader (the landown-
er or a foreman) and rounded out by 2-10 or more 
harvesters that are most often the leader’s kin or 
landless harvesters hired on contract (Farah, 1994; 
Farah, 2008). 

Table 4. The conservation status, assessment year, management systems, and land tenures of nine common internationally traded %RVZHOOLD spp. 
,8&1�VWDWXVHV��/&� �/HDVW�&RQFHUQ��17� �1HDU�7KUHDWHQHG��98� �9XOQHUDEOH��(1� �(QGDQJHUHG��%RVZHOOLD�FDUWHUL�and %��VDFUD are recognized as 

the same species per Thulin, 1998; Thulin, 2020. Assessments in progress (Thulin, 2020).
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Conversely, non-tapped Frankincense species are 
most often found on communal lands, collectively 
owned with open access to all (Tables 3 and 4). Resin 
FROOHFWLRQ�LV�OHIW�WR�ZKRPHYHU�UHDFKHV�WKH�WUHHV�ÀUVW�
and is often a source of supplementary rather than 
primary income. Main benefactors of this system are 
pastoral families who collect the resin as they herd 
their animals.

Threats to Frankincense 
Frankincense species generally face some combina-
WLRQ�RI�ÀYH�WKUHDWV��ÀUH��ODQG�FRQYHUVLRQ��RYHUKDUYHVW-
ing, grazing, and insect attack. Fire and grazing tend 
to reduce regeneration of young plants, while land 
conversion, overharvesting, and insect attack result in 
the death of adult trees (Al-Aamri, 2014; Bongers HW�
DO., 2019; DeCarlo HW�DO., 2020). Consequently, actively 
tapped species tend to be at greater risk of decline, 
as they are susceptible to damage from over-tapping 
(Figure 4). Furthermore, intensive tapping reduces 
the ability of the trees to reproduce and weakens 
their innate resin defense mechanism against insect 
invasion and pathogens. 

Figure 4. A properly harvested %��SDS\ULIHUD tree in Ethiopia (L) and an 
over-harvested %��FDUWHUL�tree in Somaliland (R), showing too many cuts 

and scarring. (L) Photo © Stephen Johnson, (R) photo © Anjanette 
DeCarlo.

Non-tapped %��ULYDH and %��QHJOHFWD are preliminarily 
assessed as Least Concern in accordance with the 
International Union for Conservation of Nature 
(IUCN) due to seemingly widespread and abundant 
populations (Alemu HW�DO., 2018, Thulin, 2020). Al-
though there are indications of unsustainable man-
agement of tapped %��GDO]LHOLL and %��VHUUDWD species 
in some areas of West Africa and India, they too are 
preliminarily assessed as Least Concern. Conversely, 

reported threatened species include %��SDS\ULIHUD, B. 
IUHUHDQD, and %��RFFXOWD. %RVZHOOLD�VDFUD and %��FDUWHUL, 
assessed as one species (%��VDFUD) in 1998 as Near 
Threatened, is currently undergoing re-assessment 
as threatened (Thulin, 1998; Bongers HW�DO., 2019; 
Thulin, 2020) (Table 4). These species face differ-
ent, and some of the same, threats. For example, B. 
RFFXOWD�KDELWDW�LV�OLPLWHG�WR����VPDOO�DUHDV��%��IUHUHDQD 
is susceptible to insect invasion, %��SDS\ULIHUD is chal-
lenged by overharvesting, grazing, land conversion, 
DQG�ÀUH��ZKHUHDV�%��VDFUD is heavily impacted by camel 
grazing and %��FDUWHUL�is impacted by overharvesting 
(Table 4). It is important to take account of regional 
variations—some habitats are home to species which 
are heavily overharvested and likely in decline, while 
VSHFLHV�LQ�GLIIHUHQW�KDELWDWV�EHQHÀW�IURP�ZHOO�PDQ-
aged systems whereby overharvesting is minimal 
and regeneration occurs. Therefore, it is crucial to 
understand that a sustainable source of any particular 
batch of Frankincense essential oil also depends on 
the harvested trees’ geographic origin. 

Harvesters
Exporters, except for those trading Ethiopian B. 
SDS\ULIHUD, often hold land concessions and hire and 
train their own resin harvesters. Most harvesters are 
independent of the companies buying and exporting 
the Frankincense. The links between the companies 
and the harvesters themselves are traditionally weak, 
most frequently with layers of middlemen in between 
and limited opportunity or interest to check on the 
condition or management of the source trees. Most 
often, resins are purchased from nearby villages rath-
er than from the farms themselves; this means that 
while the buyers may have a good idea of the geo-
graphic origin of the resins, visiting the actual farms 
to check on the condition of the source trees is rare. 
As a result, management of the trees is almost always 
controlled by the landowners and harvesters direct-
ly interacting with them rather than the exporting 
companies. Despite the claims of many companies, 
this continues to be true today, and direct monitor-
ing of the harvested trees is generally limited. 

The traditional supply chains of most resins involve 
VLJQLÀFDQW�H[SORLWDWLRQ�RI�WKH�KDUYHVWHUV��)UDQNLQ-
cense harvesting is not considered a desirable or 
well-paid occupation, with harvesters rarely earning 
more than a few dollars per kilogram of resin and of-
ten ending up trapped in cycles of debt (Farah, 1994; 
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DeCarlo and Ali, 2014; SPJ pers. comm. with har-
vesters in Puntland and Ethiopia). When harvesters 
DUH�OLYLQJ�VR�PDUJLQDOO\��LW�FDQ�EH�GLIÀFXOW�IRU�WKHP�WR�
make long-term, sustainability-based management de-
cisions rather than immediately getting as much resin 
as they can. There have been some positive efforts 
to produce change, with some companies making a 
greater effort to purchase directly from harvesters, 
pay a higher price, and make investments in harvest-
ing communities. 

2UJDQLF�FHUWLÀFDWLRQ�KDV�EHHQ�XVHG�IRU�PDQ\�)UDQN-
incense species as a way of assuring quality; and even 
though all wild-harvested Frankincense is organic, 
FHUWLÀFDWLRQ�PD\�EH�XVHG�WR�FODLP�KLJKHU�TXDOLW\��
Although this does help to encourage greater trans-
parency of the geographic origins of the resin, it may 
QRW�EH�DEOH�WR�DFFXUDWHO\�LGHQWLI\�WKH�VSHFLÀF�VRXUFH�
trees or guarantee that the harvesting is sustainable 
(Johnson HW�DO�������D���)DLU:LOG�FHUWLÀFDWLRQ�KDV�DOVR�
been used in limited cases and presents a higher level 
of assurance of good practices. However, the require-
PHQWV�FDQ�EH�GLIÀFXOW�WR�LPSOHPHQW�DQG�PDLQWDLQ�LQ�
UHPRWH�DUHDV��DQG�WKH�KLJK�FRVWV�RI�FHUWLÀFDWLRQ�FDQ�
be prohibitive for smaller companies. 

Knowns and unknowns
Despite the long relationship between people and 
%RVZHOOLD trees, there are still many unanswered 
questions. The trees often grow in remote, inacces-
VLEOH�ORFDWLRQV��DQG�VFLHQWLÀF�VWXGLHV�RQ�WKH�JURXQG�
have been limited. Consequently, there are still many 
uncertainties on taxonomy, chemotypic diversity, 
genetic diversity, and conservation statuses.

0XOWLSOH�VSHFLHV�KDYH�EHHQ�LGHQWLÀHG�LQ�WKH�ODVW�WZR�
years, both from new material being collected (B. 
RFFXOWD) and current species being re-examined (B. 
VDPKDHQVLV, %��VFRSXORUXP, %��DVSOHQLLIROLD, and B. “KHV-
SHULD”). Given the limited access to many areas with 
Frankincense, coupled with the small, insular ranges 
of species such as %��RJDGHQVLV, %��JORERVD, and %��RF-
FXOWD, it is likely that species remain undiscovered or 
undocumented. Similarly, while there is tremendous 
chemical variation among species, there is limited 
information on why and where the variation occurs; 
the geographic variation data that does exist are 
often held privately as proprietary information. 

/LNHZLVH��IHZ�VWURQJ�ÀHOG�VWXGLHV�KDYH�EHHQ�FRQGXFW-
ed to document the conservation status of the trees. 
They can be quite exorbitant, ranging in price from 
$5,000US-$20,000US or more, and areas such as 
Puntland (Somalia), Sudan, and Yemen are too unsta-
ble and dangerous to conduct in-depth, time-con-
VXPLQJ�ÀHOG�VWXGLHV��7KLV�LV�EHFDXVH�RI�LQVXUJHQWV��
war, or bandits, and in many cases, accessing these 
areas at all is prohibitively dangerous. As a result, our 
understanding of the conservation status of Frank-
incense trees is often limited to reports in the form 
of anecdotes, rapid and less costly surveys (DeCarlo 
HW�DO., 2020), or studies of only a single, accessible 
population (Soumya HW�DO., 2019; Hido HW�DO., 2020; 
/YRQĀtN�HW�DO., 2020). These kinds of reports give us 
valuable insight into what the trees are experiencing 
(e.g., health, threats, harvesting pressure) in different 
parts of their ranges, but they should be interpreted 
with caution. This is because they may not capture 
the complete range of variation in population health 
and management practices. For instance, DeCarlo 
HW�DO. (2020) found concerns about overharvesting 
in Somaliland; however, practices in Puntland, where 
WKHUH�DUH�RWKHU�VLJQLÀFDQW�SRSXODWLRQV�RI�%RVZHOOLD, 
were not examined. Furthermore, most surveys are 
conducted on accessible, rather than remote, popu-
lations. These are also the populations that are most 
likely to experience elevated harvesting pressure, 
human disturbance, and land conversion. 

Comprehensive data collection, targeting each 
species, is needed before we can ascertain with 
FRQÀGHQFH�WKHLU�FRQVHUYDWLRQ�VWDWXV��2Q�WKH�JURXQG�
quantitative and qualitative surveys of each popula-
tion, and the communities connected to them, would 
provide information on harvesting practices, demo-
graphic structures, regeneration, and mortality rates. 
Additionally, this would allow for collection of gene-
tic material, which could help clarify species (for in-
stance, between %��FDUWHUL�and %��VDFUD), and provide 
an understanding of the genetic diversity within and 
among populations, which is imperative for long-term 
conservation and sustainability initiatives (Coppi HW�
DO., 2010). 

Sustainable harvesting
Is sustainable Frankincense production ultimately 
possible? Yes, but ensuring sustainable, ethical supply 
chains to help protect these species is a complex 
process. 
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First, it is critical to be able to trace the Frankin-
cense to the source trees; otherwise, it is impossible 
to know the condition of the trees and to establish 
effective monitoring protocols. The resin should be 
traced not just to the regional villages serving as 
collection hubs, but also to the farms themselves 
and therefore to the trees. This allows companies to 
identify the condition of trees on each farm and pop-
ulation trends, and gauge the amount of regeneration. 
Using technologies like GPS to map the farm loca-
tions, shot codes3 to trace individual bags of resin, 
and blockchain4 to preserve information can enhance 
transparency and indicate the origins of the resins.

Second, companies that buy Frankincense should 
invest in the communities that produce it. Harvest-
ers cannot be expected to use long-term sustainable 
management practices if they’re not able to feed 
their families. Harvesters should be paid higher pric-
es for their resin, but these price increases should be 
tied to using sustainable harvesting practices. Addi-
tionally, to take pressure off the trees as a sole live-
lihood, investments into the harvesting communities 
should be made to support alternative sources of 
income, food security, and clean water. Permaculture 
would be a good option and mixing cash crops and 
subsistence crops. Frankincense honey is also now 
being produced from wild trees in Oman, which sup-
ports a healthy ecosystem and gives additional value 
to the trees through enhanced reproduction because 
of increased pollination. Several people have been 
working on cultivating Frankincense trees both LQ�VLWX 
and H[�VLWX, in Somaliland, Oman, Israel, India, and the 
United States (Figure 5). Propagating the trees can be 
a powerful way to supplement natural regeneration, 
and plantations could be a good way to take har-
vesting pressure off wild trees. However, any H[�VLWX 
commercial plantations would need to include robust 
DFFHVV�DQG�EHQHÀW�VKDULQJ�SODQV�DQG�LQYHVWPHQWV�LQWR�
alternative livelihoods for harvesting communities. 
For many harvesters in places like Somaliland and 
Puntland, Frankincense is one of the

3 Shot codes are small barcodes that can be read by a standard cell 
phone camera and that contain a unique identifying number. Placing 
a shot code on a bag of resin would give a record of where the bag 
originated and how/where it was transported. 
4 A blockchain is a distributed ledger of data or transactions, consisting 
of copies (or blocks) linked by cryptographic hash functions. The data 
LQ�WKH�EORFNFKDLQ�LV�H[FHHGLQJO\�GLIÀFXOW�WR�PDQLSXODWH�EHFDXVH�LW�ZRXOG�
UHTXLUH�LQGHSHQGHQW�PRGLÀFDWLRQ�RI�DW�OHDVW�����RI�WKH�OHGJHUV��RIWHQ�
representing thousands of copies). 

RQO\�VLJQLÀFDQW�OLYHOLKRRG�RSWLRQV��FXOWLYDWLQJ�WKHLU�
trees without compensating them for lost income 
would be deeply unfair. Blending multiple Frankin-
cense species, especially less threatened species, is 
another option to maintain the desired chemical and 
VFHQW�SURÀOH�ZKLOH�GLVWULEXWLQJ�WKH�KDUYHVWLQJ�SUHV-
sure more evenly across species.             

Figure 5. %��VDFUD seedlings in a nursery in Oman (L) and %��IUHUHDQD 
trees in a former plantation in Puntland, Somalia (R). 

Photos © Stephen Johnson.

With the increasing attention on the status of Frank-
incense trees, there are heightened efforts to coordi-
nate research and disseminate accurate information 
on these supply chains. For instance, the Global 
Frankincense Alliance was created in early 2020 to 
collate and disseminate accurate information on the 
Frankincense trees, communities, and supply chains, 
and to promote greater collaboration and network-
ing of the companies, researchers, and consumers 
interested in protecting them. There are also efforts 
to regulate the trade of Frankincense more strongly, 
for instance through the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora 
(CITES), with the goal of protecting the trees by re-
ducing/regulating international trade. However, trade 
is a double-edged sword: while the high demand is 
responsible for some overharvesting, the economic 
worth of highly valuable trees protects the land from 
conversion and the trees from bark stripping, a fate 
that frequently befalls less valuable trees. Additionally, 
weak governance in many areas and strong informal 
domestic and cross-border trade networks mean 
that high-level regulation may do little other than 
drive the trade underground and/or reduce the value 
of the trees, putting them at additional risk. 

Consumer guidelines
It can be challenging to locate ethical and pure sourc-
es of plant material and extracts. The companies that 
convey the implementation of sustainable practices 
may not always be engaged in recognized and legal 
management. Without the understanding of how a 
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fair and sustainable management system operates, it 
LV�FRPPRQ�WR�ÀQG�WKDW�FOHYHU�́ WUDQVSDUHQWµ�PDUNHW-
ing can leave you convinced that the purchases you 
make are in the best interest of the plant, Indigenous 
communities, and the planet. 

The most effective tool you can use to make in-
formed decisions is education. This requires having an 
understanding of the conservation status of a species, 
knowing which questions should be asked of the 
harvester, supplier, distiller, or retailer, and requesting 
proof of permits, GC-MS reports, and/or data when 
necessary. These will vary across species and primar-
ily depend on their conservation status, and whether 
they are trade-protected (CITES). Below are some 
ways to procure Frankincense resin and its extracts 
so that you, too, are tapping into a sustainable future.

Questions for a resin harvester, supplier, or 
wholesaler:

1. How and what time of year was the resin har-
vested? 
2. How many cuts were put on each tree? 
3. Which country and region do the resins come 
from and what traceability (e.g., GPS coordinates, 
shot codes and blockchain) procedures are in 
place? Do you have proof?
4. What monitoring practices are in place to ensure 
tree health? 
5. What is being done to prevent overharvesting? 
6. What are some of the challenges you face? No 
supply chain is perfect; if the supplier is unwilling to 
admit there are challenges and say what they are 
GRLQJ�WR�DGGUHVV�WKHP��WKDW·V�D�UHG�ÁDJ��
7. What threat(s) does the species face?
8. Has the conservation status of the species been 
determined? 
9. Are you purchasing the resin directly from the 
harvester? 
10. Do you help invest in harvesting communities? 
If so, how?

Questions for an essential oil, hydrosol, or CO2 
producer or retailer:

1. Does the producer or retailer have answers to 
the ten questions designed for the resin harvester, 
supplier, or wholesaler?
2. Is there a GC-MS report available for species au-
thentication and to rule out likely adulterants and/
or contaminants?

3. When and how was the resin extracted? 
4. How do you store your products? 
Tip: Know the shelf life of a particular oil, extract, 
or hydrosol. They will vary and proper storage may 
extend a shelf life. Avoid products that are old or 
LPSURSHUO\�VWRUHG��2[LGDWLRQ�FDQ�DIIHFW�WKH�HIÀFDF\�
and safety of an essential oil. Monoterpene-rich es-
sential oils are more prone to oxidation and should 
be contained in airtight containers and stored in 
dark and cool places. Hydrosols should be “cared 
IRU�OLNH�D�ÀQH�ZLQH��FRRO��GDUN��DQG�FRQVWDQWµ��+DU-
man, 2015). 

Conclusion
Frankincense is one of the most complex aromatics, 
with a rich history, diverse chemistry, and complicat-
ed, unique harvesting systems. Each %RVZHOOLD species 
produces a unique resin and faces a different con-
servation outlook, and with the intricacies of these 
supply chains, it can seem overwhelming to try to 
ethically source Frankincense. However, by under-
standing more about how these resins are harvested 
and making sure suppliers are supporting fair, equi-
table, and sustainable supply chains, it is possible to 
ensure a vibrant future for the Frankincense trees 
and the communities that rely upon them. G    
 
Statement
7KH�DXWKRUV�DUH�QRW�DIÀOLDWHG�ZLWK��ZRUNLQJ�IRU��RU�SURYLGLQJ�VHUYLFHV�
or products to any multi-level marketing (MLM)-based essential oil 
companies. Furthermore, the authors’ work is not funded in part or in 
whole by any MLM companies. 
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