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Disclaimer
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Unless TEPC provide prior written consent, no part ofrépsrt should be reproduced, distributed
or communicated to any third party. We do not accept any liability ifrépsrt is used for an
alternative purpose from which is intended, nor to any third party in respect of tiegort.

However, TEPC do not make any representation or take responsibility and liability for any
omissions and errors.
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EXECUTIVE SUMMARY

This research work was conducted to anatheefeasibility establishing distillation plant for the
production Medicinal and Aromatic Plants (MAPSs) essential oils in Mustang and Mugu. Nepal is
well known for the availability of diverse species of plants with medicinal and aromatic properties.
In fact, majority of these MAPs in Nepal are found in Himalayan region like Mustang and Mugu.

In fact, MAPs have been used in these region since centuries for medicinal purpose through
homeopathic, amchi, ayurvedic, and other medicinal practices. Currently,ointdse MAPs
produced in Mustang and Mugu are collected from the wild and there is very limited farming
activity for MAPs. The wild collected and cultivated MAPs are mainly sold in raw forms without
further processing. The supply chain of MAPs involvekeast four intermediaries/ middlemen
before it reaches from the farm to the national or international buyers. Thus, there is huge price
fluctuation and the MAPs farmers and MAPSs collectors get very low price for MAPs. Although
value addition of MAPs is rieexplored locally in Mustang and Mugu, there is huge potential for
value addition through production of essential oil in the region itself in collaboration with the local
authorities and communities. Due to high elevation and extreme climatic conditiedAPs
produced in Mustang and Mugu region are known to have higher level of chemical components
with medicinal and aromatic properties expressed in them. This quality provides unique value
proposition and competitive advantage to the MAPs product peddodhe region. However, due

to lack of awareness, low appetite for product diversification, lack of technical capabilities, no
access to niche market, and lack of business acumen, the local beneficiaries (MAPs farmers,
collectors, traders, businessmésve not been able to effectively capitalize on the competitive
and unique properties of these MAPSs in the market. Based on the field study, market analysis, and
business analysis of MAPs value chain conducted in Mustang and Mugu during this preliminary
research project, we have concluded that Mustang and Mugu have huge potential for establishment
of MAPs distillation plant and to make it a highly profitable business in collaboration with the
local communities and authorities. During initial phase, smatlfome scale setip, for few
selected high value MAPs, should be established to conduct pilot study before scale up of
distillation plant in Mustang and Mugu. Specific challenges, opportunities, and recommendations
for interventions from both public and paite sectors have been highlighted in this report.



1 INTRODUCTION

Medicinal & Aromatic Plants (MAPS)
1.1Overview
Medicinal and Aromatic Plants (MAPS) are herbs that are primarily used for curative, aromatic or
culinary purposes. MAPs are also botanical raw material for various-adtiexl processed products
such as liquid/ dry herbsxtracts, essential oils and olesins. There is increasing interest towards
use of medicinal herbs and their value added products globally in search for organic -aoxiacnon
alternatives to harmful chemical present in most consumer products. The extracts of herbs are utilized
as a compoent of various contemporary herbal medicine, supplementary health foods, natural health
products, cosmetics, and beauty products. The categorization of MAPS is not very clear because mostly
herbs tend to have properties of both medicinal and aromatitsplart in general categorization,
medicinal plants are precursors utilized as a source of medication by altering pathological and
physiological process while aromatic plants have elevated level of essential, volatile oil or aromatic
oil employed in bothiterapeutic and cosmetic products. But both has maintained their importance in
search of new and valuable precursor of drugs and lead compounds.

In most of the developing countries, around 80% of the population still relies on traditional herbal
medicinefor primary health care. In Asia, herbal market demand have almost doubled during late
19906s and the overall i nternational trade 1in
2010 and is expected to reach US$ 5 trillion by 2050 accordigH® research! This increasing
demand and trade of herbal health care, hdrds¢d cosmetic products and herbal health supplements,
highlights the need for sustainable utilization and conservation of herbal plants. Moreover, indigenous
knowledge of trditional healers, health care practitioners and increasing consumption at the
household level have added up to the necessity of focus on herbal products and their sustainable
utilization, processing and production.

1.2MEDICINAL AND AROMATIC PLANTS

1.2.1 Medicinal Plants and their uses in different formdMedicinal and aromatic plants can be
processed idifferent forms for uses lie medicinal, culinary, cosmetics, aromatic, etc. These are some
of the most widely used forms of medicinal and aromatatst

Raw

Dri ed

Powdered

Agueous and Organic solvent extracts

Oi | extracts

O¢ O¢ O« O¢ O«

Among these different forms, raw, dried and powdered forms require less technological infrastructure
than aqueous and organic solvent extracts and oil extracts need more technologically. However, the
latter two forms also have significantly higher retund @rofit margin since they are high value added
products (HVAPSs). While each forms have their own value and uses, we will be focusing on HVAPs
and more specifically on distillation of MAPs to obtain extracts.



1.3 Distillation

Distillation is a method of separating components from a mixture by heating at certain temperature
and condensing the vapors. Some of the traditional distillation techniques use direct heating of the raw
material mixture to evaporate the contents that week for most inorganic solutions and a few
organic ones, but there are many organic compounds that decompose at high temperatures, including
many natural essential oils and aromatic compounds. In such cases, the essential oils industries use
three distilet types of distillation methods: water distillation, water and steam distillation, and direct
steam distillation. In these three methods, the difference lies only in the handling of the raw plant
material but they have same theoretical considerationshwdeal with distillation of twephase
systems.

In Nepal, there has been reported use of other water distillation methods but steam distillation units are
more efficient in terms of distillation time, yield of essential oils, handling of the unit andgimgdu
guality essential oils. Steam distillation has been used since the 8th century. The oils can be distilled
from the leaves, stems, flowers, bark, roots, seeds, fruits or other parts of!4 plant.

1.3.1 Steam Distillation

Steam distillation is a method where steam flows through the material, as sheiguaren1.1

Figure 1.1 Picture representation of Steam distillation method

In the process of distilling plant material, the steam generated outside the still in a steam generator
(referred to as boil er) vaporizes the ©plant
through a condensation and collection process. The étjesttam passes through the plants from

the base of the still to the top and functions as agents to break up the pores of the raw material and
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release the essential oils from it. The system yields a mixture of a vapor and desired essential oil.
The vapor $ then condensed further and the essential oil is isolated. The basic principle of this
method is that the combined vapor pressure equaktheént pressure at about 100 °C so that the
volatile components with the boiling points ranging from 150 to 3D@&n be evaporated at a
temperature close to that of water. Also, this technique can be carried out under pressure based on
essential oils extraction difficulty!

VAPORISED 1
WATER
AND
ESSEMTIAL
# DILS

W

FIRE

Diagram of the steam distillation process.

Figure 1.2 Diagramatic representation of Steam distillation method
Source: anandaapothecary.com

Steam distillation has a competitive advantage and widely accepted over other methods of distillation
as steam can be readily controlled and has no thermal decomposition of oil constituents.

1.4 Benefits of extracting oil from MAPs and their Industrial uses:
Low mass and volume

The overall mass and volume of medicinal plants decrease by more than 95% after prticassing

oil or extract forms. This eases the transport of these materials as well as significantly lowers the
transport cost. Especially in the hilly and mountain regions like Mugu and Mustang, transportation is a
critical limiting factor in commercialation and trade of medicinal plants.

Increased efficacy

10



The extracted oil contains more than 90% (with an efficient extraction process) of active organic
ingredients present in the plant. This also results in increased concentration and efficacy of the active
ingredients responsible for medicinal and aromatperties in MAPS.

Ease of purification

The extracted oil are already purified at one level since a lot of water and ash content can be removec
in the distillation process itself. The oil can be further purified by fractional distillation or further
solvent or aqueous extraction methods using much smaller sized distillation unit in a factory setting as
well.

Ease of quality tests and certification

The extracted and purified oils are much easier to test to assure their quality. The certification process
for the oils and extracts are simpler as well because there are several scientific methods than can b
used to test their content per need.

Easier access to market
For reasons already mentioned like transportability, increased efficacy, purity, and quality assurance, |

is much easier to find national and international market for oil extracts of MAPs.The revenue and profit
margin increases exponentially going fromvit® HVAPs like essential oils from MAPSs.
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Figure 1.3 Value added products uses and activities

The chart inFigure. 1.3lays out different medicinal activities, pharmacological interactions, and
uses of MAPs oils extracts.

The industrial uses of aromatic oils can be subdivided into various industrial segments and components
which is shown in th&igure 1.44
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FIGURE 3: INDUSTRIAL USES OF ESSENTIAL QIL
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2 RESEARCH METHODOLOGY

Scope of the research study

The main focus of this research study is to study the availability of various medicinal and aromatic
plants (MAPSs) present in Mustang and Muguanalyse their potential to prepare essential oil. Based
on the study, we also plan further analyse the feasibility of establishing distillation plant in the region
in collaboration with local authorities. There are varieties of MAPs in Mustang and idgigun that

are identified as high value plants and can be distilled to produce essential oil However, for the
enterprise to produce essential oils from MAPs to be profitable, various factors other than availability
have to be properly analyzed.

This study aims to do exactly that by examining the currents trends, volume of MAPs production,
investments, operating investments, infrastructure needs, technical needs, and other indices to refle
whether establishment of distillation plants in Mustang and Megion can be profitable or not. In
addition, strategic recommendations will be provided onwisp implementation strategies to achieve

the project goal and to promote MAPs essential oil production in Mustang and Mugu.

Approach

For the probability analysis of establishing distillation plant in Mustang and Mugu in collaboration with
the local authorities, we applied a set of research methodology and procedure to come up with imp
oriented strategies. Different activities wereriga out, mainly with government officials, community
people and some with private enterprises. This interdisciplinary relationship helped us gather adequ
information, strengthen capacities, and get clear idea about the strengths, weaknesses tiegpamtlni
threats in Mustang and Mugu for the establishment of distillation plant to prepare essential oil fror
selected high priority and high value MAPs in the region.

The project has prioritized MAPs as a sector having the potential to generate incdnoeeate
employment opportunities in the region. Different stakeholders and cooperatives in the community wt
are involved in MAPs farming and collection activities, traders, wild MAPs collectors, trade and
commerce related governmental and private omgdinins, Annapurna conservation Area project officers,
and stakeholders in the value chain were the major target groups of the research. Several field grt
discussions (FGDs), personal interviews, and ratitkeholder discussions were conducted in Mgstan
and Mugu. The final report was prepared based on the learnings from these consultations, field observa
visits, and literature study. From the beginning of the preparation of the report, the project expert tee
has undertaken the following activitias shown irFigure 2.1
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* Identification of medicinal herbs and value added products in Mugu and Mustang
* Identify the status of commercial production and potential market.

Preliminary *® Discussion with stakeholders and identify MAPs collection and possible cultivation
study areas in respective districts

* Meeting with official of ACAP and District Agriculture Development office in targeted districts
* Interview with Amchi, MAPs cultivators both small and large scale, local community, traders,

small co-operatives, Women association invelved in collection and value added products
productions in Mustang and Mugu

* Data was integrated from identified information and database and government office databanls
* Data was subjected to meaningful statistical interpretation

» Probability analysis of establishing distillation plants in Mustang and Mugu for essential oil
extraction

» Cost benefit analysis and sustainable utilization of MAPs in targeted areas
* Strategic analysis for local community involvement and sustainability

* Business plan for high priority and commercial value MAPs was made

Figure 2.1 Flow of Research activities
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3 MAPS DISTRIBUTION IN THE CONTEXT OF NEPAL

Nepal is rich in geographical, biological, climatic and cultural diversity. It contributes to only 0.1% of the
worl dés | and #&rahgh percéntage ofcdvarsityt irs terms of flora and fauna. The
Himalayan range places Nepal in a transitional zone between eastern and western Himalaya which
hubs of herbal plants. The range of variations in ecological regions, topographicsfeanda elimatic
conditions has resulted in a varied distribution pattern of medicinally important plants and the resultir
indigenous knowledge of different groups of MAPs. The medicinal plants in Nepal are distributed betwee
the elevations of 100 to 6,00neters above sea levgI.

Centerwest] %%

E'Tstu nterl2

Center5%
- Easi3%

Easteenterwestt T

Figure 3.1 Distribution of medicinal plants in different regions of Nepal

Despite having immense potential to introduce a variety of herbal products, the country still lags far behi
in proper utilization of the available resources

3.1MAPs in Mustang and Mugu

3.1.1 MustangThe Mustang district is in the Mid/estern Development region of noithantral Nepal
(Dhaulagiri Zone), which covers an area of 3,573 km2 , and shares boundaries to the south with Myac
to the east with Manang, to the west with Dolpa, and to the natththve Tibetan Autonomous region of
the peopleds Republic of China. The district |
and is mountainous and has a fragile ecosySté.
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Figure 3.2.Map of Mustang District
3.1.2 Mugu
Mugudistrict is in the karnali province and covers an area of 3,535 km2. Mugu is known assuigee
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of MAPsM"k | ocal communities have indigenous knowledge about medicinal herbs and their uses b
are less aware about scientific and economic berméfitslue added products, propagation techniques and
proper commercialization of available MAPs which is one of the most important means of incom
generation. Value added products have competitive advantage in the market to eliminate the poverty.

Namla Bhianjyang 4986
MAP OF NEPAL KEEHROShES N
MUGU DISTRICT
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~
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Figure 3.3.Map of Mugu District

Mustang and Mugare strategically chose locations in Himalayan region in two different conservation
areas. These locations are rich in diversity of MAPs, some of these plants are in traditional practice wh
some are still unexplored. The learnings from these regianbedater transferred to other Himalayan
region in Nepal as well. Communities having indigenous knowledge in traditional healing and medicin:
practising such as AAmchi 0 are responsible fo
theseareas. Also, there is a culture where knowledgeable people transfer their traditional knowledge frc
generation to generation. Mustang and Mugu environmental conditions suitable for growth of some of tl
native medicinal plants and aromatic plants atlatude range of about 6068300 masl. It also has a
characteristic vegetation with a freezing season of about 119 days and is dominated by dwarf and shru
plants. Research has revealed that aroune3286species of flowering plants are endemic to Nepdl

most of these species are found in Mugu and Mustang and surrounding region. Furthermore, the lo
biodiversity of Mugu and Mustang play an important role in meeting the basic daily needs of th
indigenous peoples inhabiting this regién.

Concurren with the increasing demand of herbal products and aromatic oil in the national anc
international market, cultivation of MAPs is in increasing trend in different districts of Nepal based or
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availability, climatic conditions, land area and workforce. Magd Mustang being the hub of various
medicinal and aromatic plants (MAPs) owing to its favorable -higtude climate, the commercial
cultivation of aromatic plants in Mugu and Mustang can be encouraged understanding the increasi
demand of aromatic oilsr essential oils in Nepal and in the international market. Mugu and Mustang are
also very popular tourist destinations, so it will be strategic to start from well known and popula
Himalayan destination to gain international market.

High values aromatic plants that are found in Nepal in the high mountains including Mugu and Mustar
are listed inTable 3.1!"]

Table 3.1.High value Aromatic plants of Mustang and Mugu

S.
N Name Scientific Name Available in Aldtude

Acorus calamus

1  Bojho (Calamus)

2 Sugandhakokila

Dhasingre. patpate

! Gaultheria fragrantissima 1200-2700m
(Wintergreen)
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5

Jatamasi
(Spikenard)

Jungali sayapatri

Sugandhawal
(Valerian)

3600-5000m

1200-2500m
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7 Tinmr

8§ Cinnnamon

9 Safflower (Kusum phool)

Source: [link 2][link 3]

Zanthoxylum armatum 1100-2500m

450- 2,100 m Tropical
and subtropical
himalayas)

=2000m

=000m
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Table 3.2.Selected medicinal and aromatic plants from himalayan region (Mustang and Mugu) with h

essential ol
Parts Traditonal use .. . Active
Herbs used of herbs Scientific use of herbs Ingredients
Flavoring agent
S oo | aeptic
) ;. rhenmatic, Methyl salicylate,
(Gaultheria Leaves soft drinks, . -
.. ) divretic, gaultherline
[fragrantissima Pharmaceutical antispasmodic
) and perfume
industries
- Treatment of
e circulation, - amic aldehyde
Ciﬂﬂ.:lt;ﬂl,ﬂﬂ Barks and Fragrances, muscles and joints 3% eugenol Sﬂ—;ﬁ%
(Cinnamomum leaves disinfectant Fﬂﬂ.‘lp]ltﬂhﬂﬂ, benzyl benzoate 3%
digestive system o
tamala) “nd telieves eugenol acetate 1%
arthrifis,
Lemonene, linalool
and methyl
cinnamate as major
components and I-
Timmr, pinen 1-thujene, p-
[Errm‘ha;]?fr:?m Fruits. FI?]’RETE ¢ and Si%;fﬂﬁgu; ’ nw[cesig Y- .-
armatum DC) £ ’ " | terpinene, p-cymene,
terpenin-4-ol,
piperitone, carvone.
cununaldehyde,
methyl cinnamate as
other constituents.
Valeranone
(jatamansone),
spirojatamol,
Jatamansi, patchouli alcohol,
7'ﬁ;FE-,];JE||1r-:|:1:|:51'|tfl | Rootstocks Perfumery and in _Sﬁiatwf:, ] norsevchelanone, @ -
(Nardostachys flavors Antihypertensive. = and p - patchoulene,
grandiflora) jatamol A and B,
jatamansic acid,

terpenic CoMmMAarins-
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Dalchini. Treatment of

Teipat circulation,
Cinnnamon = Barks and Fragrances, mﬁiﬂeshﬂﬁ_ﬂm
(Cinnamomum leaves disinfectant di ’:“P, ]
tamald) gesnw:_sj, stem
and relieves
arthrifis,
Timmr,
peppercorn .. :
oot | B, | Fgmcemd | Anteon,
armatum DC) i ; :
Jatamansi,
Spikenard Perfumery and in Sedative,
{(Nardostachys L flavors Antihypertensive.
grandiflora)

Source: [link 4]

3.2Current uses and practiceof MAPs in researched districts

cinnanmc aldehyde
3% eugenol 80-96%
benzyl benzoate 3%
engenaol acetate 1%

Lemonene, linalool
and methvl
cinnamate as major
components and I-
pinen l-thujene, p-
pinene. sabinene,
IIVICENE. -
terpinene, p-cymene,
terpenin-4-ol,
piperitone, carvone,
cununaldehyde,
methv] cinnamate as
other constituents.
Valeranone
(jatamansone),
spirojatamol,
patchouli alcohol,
norsevchelanone, @ -
and p - patchoulene.
jatamol A and B.
jatamansic acid,
terpenic COMMATins-
oroseol. jatamansin.

Traditional medicinal practice, which preceded modglopathic medicine, was performed to
restore good health conditions using heftdaht resources and such hegitactices are still

prefered in various regions in and outside Nepal. Such treatment approaches differ based on the

traditions, availability 6herbs and information transferred from practitioners.

There are multiple traditional medicinal practices used to treat, diagnose or prevent illness such
as Amchi, Ayurvedic medicine, indigenous knowledge and beliefs of incorporating herbs,

spiritual theapies, manual techniques and exercises. On the one hand, traditional medicinal
practice remains widespread and is still becoming more and more popular in developing

countries, while on the other hand, in many parts of the world , health professionktsapaib

policy makers are struggling with the questions on safety, quality, effectiveness, preservation
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and future prospects of such herbal health care. In the Traditional Medicine Strategy Paper
20022005, WHO states that these traditional medicinal pesthave attracted a spectrum of
reactions, uncritical enthusiasm and uniformed skepticism. Despite such criticism, research and
development in the field of value added products from herbs is underway at a rapid rate in
various parts of the world.

Although Mustang and Mugu are botanical reservoirs for many medicinal and aromatic plants,
only few of these plants are used in currentaglay practice. Amchi and Ayurvedic treatments
are the most practiced traditional approaches of treating diseasditians.

3.2.1 Amchi

Tibetan medicine practitioners are well known as Amchi. Amchi System of Medicine is known
as SowaRigpa, which is similar to Ayurvedic medicine. It is a traditional medicinal practice
which exists mostly in the Himalayan regionNeépal. Both Upper Mustang and Lower Mustang
have been practising this approach of treatment. Though previously this practice was not
considered as an official system of medicine, people have been practising this either by following
the community traditionsr getting trainings from traditional healers. Now, Nepal also has one
institution in Baudha, Kathmandu, Nepal that educates students about the Amchi system of
medicine to graduate as Amchis (Tibetan medicine doctors). Our research site was Lower
Mustang, where, Dr. Tsampa Ngawang Gurung, an internationally renowned Amchi from
Jomsom, has been performing research and practicing-Bmywa on medicinal herbs for years.

He has tremendous indigenous knowledge of local medicinal and aromatic plants and their
applications. He has his own clinic (Tibetan Medical Center) and also runs the Amchi Sorig
Herbal Collection Center. Mostly local communities rely on his treatment practices as they have
ethnetraditional, and spiritual faith towards this practice.

3.2.2 Essential oils

Very few aromatic plants are currently used in regular medicinal practice in Mustang although it
is known to harbor of variety of aromatic plants. The community does know about the aromatic
plants, but the awareness towards theiriappbn and value added products was found to be very
low. Few aromatic plants have been used for extracting oil, but only for domestic use.

Both traditional and modern medicine systems use medicinal and aromatic plants as their source
of raw material. Hebal plants have been employed as ehercounter drugs by various
pharmaceutical and cosmetic industries as home remedies and therapies for years in developing
countries, mainly in Asia. They also represent a sustainable portion of the global drug market
Though some medicinal herbs are not fit for administration in their natural state and are not
prepared according to pharmacopoeia directions, people in developing countries rely on those raw
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herbs (traditionally practiced) without much researched infooma

Different herbs have different therapeutic potential depending on the part of the plant and form
used. Herbal remedies make use of both plant parts as well as isolated extracts containing several
key constituents, which work together synergisticalpwever, two major interventiongalue

addition and quality assurance, are needed for improving the quality, safety and efficacy of such
products from medicinal plants. In the case of Nepal, quality assurance has always been a major
hurdle for the effetive promotion and marketing of MAPs and its products.

3.3Need for establishment and promotion of distillation plants in Mustang and Mugu

MAPs have been widely unexplored and undt#lized as a profitable and sustainable business in
Nepal. Instead, several high value natural herbs are being overexploited by haphazard and illegal
wild harvesting and trading, which has made many of suchespendangered in Nepal. In various
districts of Nepal like Mustang and Mugu, collection of herbs and their traditional processing is an
old practice for the majority of population there, to augment income and enhance livelihood.
Though people are also inved in other occupations, they find exporting MAPs as an important
incomegenerating activity. Despite being aware about the worth of processedadale@, herbs

over raw herbs, there has always been a trend of exporting raw herbs to other couhtlegmlbpt

and illegally because of myopic vision of the traders for immediate gain.

Establishing distillation plants can be an effective and feasible way to avoid exploitation of herbs,
generate value added products and ensuretkmg use and sustainable management of MAPs.
Many distillation plants with advanced technologies have bstablkshed successfully in the Terai
region in Nepal. However, there are a few challenges to ensure MAPs conservation and sustainable
utilization in the Himalayan or hilly regions. Some of those challenges are information collection,
coordination with MAPstakeholders and making them aware about the importance of MAPs and
their current status.

Also, it is very important to convince stakeholders that distillation plants and sustainable cultivation
management techniques can prevent the ongoing exploit#tioerbs and in fact generate higher
revenue to boost the local economy.
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Figure 3.4.MAPs Nursery in the MAPs farm of Mr. Chandra B. Gauchan from Kunjo, Mustang

During our research in Mustang and Mugu, we found wild collection to be dominant over
cultivation. Cultivation of MAPs is carried out either in greenhouses or by performing organised
farming of medicinally important MAPs, and it involves a number of technical, geographical and
sociaeconomic challenges. Consequently, the local communities prfection in the wild over

cultivation despite getting low price because of lack of MAPs farming knowledge, lack of access

26



