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INTRODUCTION

Insnite of tremendous developmant in the field of synthetic

drug chemistry and antibiotics, higher plants stil

[

constitute as one of the main sources of drugs allsover
the world. More than 25% of all the formulations
prescribed in modern medicine today contain at least cne
or more constituents from plants. Exact data from all the
countries is not available, but a study carried ocut in
U.S.A. in 1973 indicated that 25.2% of all the nrescriptions
inssued in that country contained one or mor= active
constituent from plants. During that year American public
paid more than 3 billion collars for the cost of plant
drugs alone. It was estimated that out of 76 active
constituents of plants ccmmonly prescribed in U.S.A. only
7 were obtained from synthetic sources. In zddition to
pure compounds more than 96 crude extract of plants viere
also commonly used in the orescrivtions. The condition

in other develoned countries of Eurcpe and developing
countries of Asia, Africa and South Acerica is not
different than U.S.A. Infact in these couirtriss the use
of plants drugs is much more, because a number of thesc
countries still use traditional systems of medicine which
derive more than 9C% of their medicaments from n»nlants.
During the last 10 years there has been a general trend in
all the countries of the world to switch over to medicines
from natural sources which are considered safer because of
fever side effects as compared to synthetic chemicals

and antibiotics. As such the demand for medicinal plants
and their active constituents has been increasing even in
the developing countries. Authentic data of world

trade are available only for the year 1976, According to
United Nations World Trade Annual, the value of import of
plant seeds, flowers, and parts of plants primarily used
for medicine, verfumery, insect.cidal or fungicidal
purposes in QCECD countries (Organisation of Economic and
Cecmmercial Deve.onment) increased Erom 52.9 million
dollars in 13976 to 71.2 million dnllare in 1971 and to

)

217 million dollars in 13764. Recause ¢f cescalaticn in

©
[

orice and further increzze in preaducticn the value wnoulld




be well over 300 million dollars today. This doss not
include the import to ccmmunist countries of U.S.S.R.
and other East European countries which are major
consumers of meaicinal plants. Similarly the impcrt of
active constituents which includes alkaloids, enzymes,
glycosides, harmones and extracts to OECD countries
amounted to 700 million dollars in 1976. The exnort of
active constituents of plants by the OECD ccuntries was
752.5 million dcllars in 1976. 7Taking the escalation
in prices and import in Communist countries the world
trade in adtive constituents and crude extracts of

nlants would be well over 1000 million dcllars taday.

In addition to medicines, plants are also the major

raw materials for essential oils and resinoids used in
perfumery, cosmetic and flavours induciry. About 10
ye:rs avo it was ccnsidered by certai: quarters that
ultimat+ly most of the perfumery and flavour comrounds
would be cbtained from synthetic sources. However,

the experience dueing the last five years has shown that
perfumery chemicals from plants are preferred and the
cost of synthetic materials has increased because of
considerable increase in cost of Petrolewn products.
According to international trade statistics, total trade
in essential oils and resinoids was approximately 4500 to
5002tons valued at 425 to 500 million dollars in 1976.
¥ith considerable increase in prices of all oroducts,
vhe value of world trade todav must be well over 70C

t~ 800 million dollars.

The demand for such products in he world is increasing
specially because of improvement in standard of living
and developnment of perfumery and cosmetic industries

in the third world.




Preliminary studies carried out by Department cf Pharmacy,
Biochemistry and Chemistry at Naircbi University had
indicated that Kenva has a sizable notential of indigenous
raw material which could be utilized for setting up
industries besed upon medicinal or essential oil plants.
The studies carried out at Pharmacy Department had also
indicated that because of its favourabhle agroclimate Kenya
is quite suitable for intrcduction and cultivation cf a
large: number of medicinal and aromatic plants which already
have established use in pharmaceutical, perfumery and

cosmetic industry.

It was on this basis that Industrial Promoticn Department
of the Ministry of Industry considered it wecrthwnile *+c
carry out a study regarding the possikility of the use of
indigenous raw materials £for industrial purposes.

Original job descrintion envisaged only initiation of
scientific survey of medicinal »lants. However oan the
basis of discussion with the authorities of the industry
department, it was decided to carry out such studies which
would not only help such a survev, but would lead to
definite industrial pnroject in Kenya. (Annexure I).

As such the job description was modified and revised and
the ctudy was undertaken with the primary objective to
identify viable industrial projects which would ultimately
lead to setting u industries based upmon raw materials
available from wild malnts or those plants which can be
profitably cultivated in Kenya. The study was carried

out with special referecne to present and future demard
of phamaceuticals or essential oils with reference to their
use in the world. A list of most important active

constituent derived from plants and essential cils is given
in Annexure IV, V ~nd VI.




METMCD OF STUDY

In order to find out the existing raw materials, discussion
was held with various scientific groups which ! ive carried
out such studies. 1In addition actual field survey of

main agroclimatic zones inthe country was also carried out
to find out those plants which have estaklished use

either in modern medicine or essential oil industry. Some
of these plants were alanysed chemically with the help of
chemistry department of Nairobi University and future
guidelines were also given to scientists for carrying
out survey for finding out new pnlants of industrial wvalue.

World demand of medicinal plants and essential oils was
found from published literature by International
Agencies.

Assessment of requirement of pharmaceutical and perfumery
industry was carried out by verbal discussim by the
representatives of various industries. Agroclimatic study
was carried out by actual field survey of main agroclimatic
zones, discussion with various agricultural research
station scientists and published @limatic datas.

Status of research and develovment was studied by visit
to various research institutions in the country who are
involved in research 6n plants.,

The programme of work and list of people and institutions
contacted is given in Annexure II and III.




PROJECT FINDINGS

1. Existing Raw Materials

5/ Medicinal Plants

Following plants which are used in modern medicire or
which can be exported for pharmaceutical purposes are
available in Kenya. Based upon their importance and
available quantity their potential for commercialization
is discussed below.

i) Cinchona so: Kz:nya is one of the main countries

in Africa producing cinchona bark. The plant is

cultivated by only one British company Messrs. Brookbond

Leibig Ltd., one of the main tea planters in Kericho area {
of Kenya. The bark is being exported to U.X. and Belgium '
where cinchona alkaloids are produced.

The firm refused to give actual data regarding production
and quality of bark. However, on the basis of export data
obtained from the Department cf Customs and Exise annual
production varied from 449 to 565 tons annually during

the last three years. As such at least 500 tons is
available annually for processing. This would easily
support an industry with a production of at least 25

tons of cinchona alkaloids (with a minimum average recovery
of 5%, although Kenya ba;k is supposed to contain more
than 6% alkaloid). This would give an annual turn over

of approximately 37 to 50 million Kenya Shillings.

(Price of cinchona alkaloid has been varying from 1500

to 2000 Kenya Shillings during the last three years).




Cinchona bark contains more than 20 alkaloids of which
Quinine and Quinidine are commeircially ‘mportant. The
other two important alkalcids which have commercial
importance are canchonine and cinchonidine.
Cinchonidine is used as an antimalarial drug in form of
hydrochloride or sulphate while quinidine is used as a
cardiac depressent (antiarrhythmic agent). A large
portion of cuinine is used for flavouring soft drinks in
U.S.A. and U.X. The demand of quinine and quinidine

is stable and expected to grow in future specially
because of increased incidence of malaria in Asia and
Africa and extensive use of quinine in soft drinks and
tonic waters.

ii) Sisal (Agave Sisalana): Kenya is one of the

main sisal producing countries in Africa and there are a
large nrumber of good sized sisal estates. Kenya sisal
contains a steroidal sapogenine called Hecogenine.
Hecogenine is a starting material for synthes.s of a
number of steroidal drugs mainly corticosternids. 1In
fact for synthesis of contico steroids Heccgenine is
cons.dered superior to Diosgenine because of its special
chemical structure. A few years ago production of crude
Hecogenine was started from sisalsludge which is a
byproduct of sisal fibre industry in scme estates in Xenva.
One of the big states where Hecogenine was produced has
given up production as the estate has stopped planting
Agave Sisalana. which is rich in Hecogenine and have

switched over to planting of hybrid agave which is very
poor in Hecogenine,

However, there are a large number of other estates in
Taita Hills, Thika and Hakuru area which are only
planting A, sisalana and there is need to start at least

3 to 4 units in different states each producing 10 tons
of pure hecogenine. [ach unit would easily have a gross




turncer of at least 3 to 4 million shillings (Average
price of Hecogenine being K.Shs. 300 to 400 per kqg.)
However the entire processing should be done in Kenya

and the material should not be exported in a crude form.
Hecogenine has considerable cdemand in international

market and at present it is being produced only in
Tanzania. In fact some of the fastes’. selling
corticosteroid preparations marketted by Glaxo laboratories
are based upon Hecogenine as the basic raw material.

Corticosteroids are some of the most important medicinal
compounds used today throughout the world. These are

used to treat a large number of disorders which includes
rheumaﬁoid arthritis, rheumatic fever, collagen diseases,
ulcerative c¢olitis, certain cases of asthma and a number

of allergic diseases affecting skin, eves and the ears.

iii) Stramonium (Datura Stramonium): It is one of

the most widely distributed plant in Kenya. The plant is
found growing wild on road side in the Rift Valley and the
entire Western Kenya. It is alco the most common weed on
cultivated fallowlands. The leaves of stramcnium contain
Hyoscymine (70 to 75%) and Hyoscine (25-30%) bcth of

which are used in modern :edicine. However, because of low
alkaloid (0.4 to 5%) content D. stromonium cannot be used
for alkaloid production and the main source of trodane

.alkaleoid in the world foday are Egyptian henbane (Hyoscymus
muticus) and Duboisia sp, which have total alkaloid
content of 1.5 and 3.0% respectively.

The jiain use of stramonimm leaves today is in the form of
crude extract or tinture. This is still used to a
significant extent in prescription employed for treatment

of intestinal and respiratory disorders. Attempt can be
made to collect the leaves and export them either as

dried leaves or concentrataed crude alcoholic exvort. There
is considerable notential for export of extract to Eurnpe

and '1iddl= East.




iv) Aloces (Aloe secundiflora): Xenya has a fairily

large amount of wild growth of Aloes. Althcugh several
species are found most of the wild growth consists of

A. secondiflora. Aloes are used in medicine as

cathartic in form ¢f crude extract or aloins, the
authracene glyeorides which are the main active constituent
of this plant. However, Kenva aloe fetches very low

price in the international market because of poor

glyeoside content. The main species of Aloes used
ccmmonly and preferred in international market are Cane
Aloe (Aloe -ferox) in South Africa and Curcao aloe

(A. barbadensis) from West Indies. t is desirable to

introduce superior smecies in semiarid and arid areas ot
Kenya. In the meantime samll units should be started in
rural areas to make solidified Aloe juice for export.

Only small amount of, the material is being exported from

Kenva,

v) Periwinkle (Cathranthus Reseus): 1t is a

conmon garden plant which is found growing wild in certain
semiarid areas of Kenya mainly in Machakos areas, However,
it is not known where the quantity is adequate. 1In our
survey the plant was found to be available only in small
scattered patchas. Now a careful and detailed survey has
to be made to f£ind out whether adequate amount of leaves
and roots can be collected at a reasonable price.

The plant which was used in traditional medicine in South
Africa and West Indies has recently found its »lace in
modern medicine.

More than 100 alkaloids have been isolated from various
varts of the plant ocut of these only two alkaloids from leaves
and one from roots have commercial impcrtance.




The two alkaloids in the leaves are Vinblastin and
Vincristine both of which are used in treatment of
varicus forms of cancer. The roots contain an alkaloid
Ajmalicine (Raubasine) which is used as a vasodilor.

S the quantity of the plant material available as
natural growth is too small, the plant has to to be
cultivated before anv industry for alkaloid production
can be started.

In addition to above plant which can be commercialized,
there are certain plants which have votential for
commercial utilization. However oilot plant study have to
be taken up to find out the economies of production of
active constituents.

The two most important plants belonging to this category
are:-

(a) Rauvofia momkasiana: The plant is found

growing wild in coastal areas. It has bheen found to
contain appreciable amount of Reservine, a common alkaloid
used to reduce blood pressure and as a tranquilizer in
certain mental disorders. At present reserpine is isolated

from other smecies of Rauvafia namely R. sermentina,

R. canescens, and R. vomitoria. There is a need to carry

out pilot plant study to investigate economics of production
of Reserpine from roots of R. mcmbasiana.

(b) Gloriosa simplex: A common ornanental plant
which is also used in traditional system of medicine,

R. simolex 1is widely distributed ir Kenya. The tubers as
well as seeds of this plant contain a useful alkaloid
colchicine. Colchicine is used for treatment of acute cases
of gout and arthritis. In form of thiocolchizcside it is

also used in treatment of various forms of cedemas. At

present colchicine is obtained frem corns and seeds
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of colchicum autumnale and seed as well as tubers of

Gloriosa suverba found growing in India and certain

countries of Africa.

At present there is acute shortage of colchicine in the
world (the present orice ranging between K.Shs. 80,000 to
10,000 per kg.)} There is a need to carry out a survey

of various areas of Kenya to find ocut the actual content
of colchicine in the tukers and seed and carry out pilot
plant study to find out the economies of production

of colchicine from G. simnlex. 1Initially tubers and seeds

can be exported to Italy and VYest Vermany where
colchicine is produced. Later on an attempt can be mads
to set up an industry in Kenvya if the raw material can be
made available in large quantities. Ultimately the

plant may have to be cultivated.




B3/ Aromatic Plants

i) Cedarwood (Juniperus procera): Kenyan cedar

(J.procera) is one of the main timber tree grown by

forest department. The saw dust which is a byproduct of
timber industry contains 2.0 to 3.0% of an essential oil
which is referred as East African Cedarwocd Cil. As a
result of research carried out by Scott Research
Laboratory (Now National Agricultural Laborator‘es) and
East African Industrial Research Organisa_ion (now Kenya
Industrial and Development Research Institute - KIRDI)
Cedarwood o0il production was started in Kenya more than
50 years ago and at one time as much as 80 tons of Kenyan
cedarwood oil was exported from this country. However,
recently the production has fallen and at present only one
pencil manufacturing saw mill in Njoro area is producing
the oil. Cedarwood is a commcn essential o0il used as a
cheap filler and fixative in soap all over the world and
there is a considerable market potential. A survey in
Njoro area indicated that although there are several
sawmills processing cedarwood, only one is producing

the essential oil. Most of the saw-dust o0il is thus
wasted. A particular timber mill which handles only
cedarwood is producing appro:.imately 10,000 tons of saw-
dust. This would give a minimum of 200 tons of oil (at
an averagde recovery of 2%). The saw~dust can still be used
for fuel either as such or in form of briquettes for
domestic fuel or production of steam in boilers.

As such there is a need to set up at least 4 to S small units
each producing 50 tons of oil. Each processing unit can
give a gross turnover of 1.5 million shillings.

On enquiry with forest department it was also found that
stumps of cedar were 1ot being utilized., Stumps contain
more than three times the oil found in saw-dust and it is




a profitable business to distill oil from leftover stumps.

The stumps are ccnverted into chips with a mechanical

chipper, ground and then distilled in any steam overated

strip. There is a need to carry out an investigation

regarding production of cedarwood oil from cedar stumps o
by KIRDI as the material is now wasted.

ii) Geranium (Pelargonium graveolens): Geranium was

introduced in Kenya more than 5 years ago. Initially the
local geranium called the MAWAH OIL was cultivated,
However, since it feiched a very poor price in international
market the true geranium strain from Reunion Island was
introduced and apprximzately 2 to 3 tons of good qgrade of
geranium oil was produced mainly in Naivasha area.

Hcwever production has been decreasing for the last 3 to

4 years and now there is no production of geranium cil in
Kenya. uvuring our survey only one farmer, Mr., R.J. Menncl
of Korongo farm in Naivasha area was found to have a few
thousand plants in his nursery. One of the main reason for
complete stoppage of production by Korongo farm which was
the only farm producing geranium for some years is the

lack of marketting and very poor price v " Mr., Mennel

has been getting from his internatior iC. The last
lot of o0il had to be sold for a poor ....e of K.Shs. 300
per kg. as compared to K.Sh. 800/~ for Reunion type of oil
in the international market. As a result of our discussion
Mr. Mennel was persuaded to take uo cultivation again.
However, the Government has to do something for organising
marketting and also set‘up at least a dozen cooperative
units where geranium oil can be produced. Kenva is one

of the few places in the world suitable for »roduction

of geranium oil and every effort should be made to produce
at least 100 tons of o0il annually. If ter small units

can be establihsed this would give a gross turncover of at
least 50 million shillings (at a minimum prize of K.Sh. 500
per kg, present international price range from 750-300 K.Sh,
per kg.) All this aound could be in the form cf foreign
exchange, as there is a considerable dzmand in Zurope for
geranium cil,




iii) Eucalyntus: Kenya has two srecies of
eucalyptus in forest plantations which can be exnloited For

production of essential oil. There are sizeakle pure
plantations of Blue Gum Eucalyntus glcobulus in high

altitude areas. Analysis of leaves carried out by
Pharmacy department has indicated that oil content is
appreciable (to 1.5%). A sample of leaf collected from
Nariobi area was analyzed in the chemistry department of
Nairobi University and the leaves were found to contain
1% o0il. 1In highlands of Kenya oil content would be
still higher. 0il of E. globulus ié an important

essential oil used in medicine. It contains cineol”

(euclytol) which i xd in cough lozenges, syrups,

inhalers and pain palms and ointments. It is one of the

few important essential o0ils imported in Kenya by various
pharmaceutical companies. There is a need to utilize

the leaves of E. globulus in Kenya for essential oil nproduction
both for internal consumption and export. A detailed report

has been prepared by one long~-term international expert

and a pilot plant was also fabricated. However this pilot
plant has not been used. XIRDI should immediately take up

a pilot plant study, carry out test marketting and

calculate the cost of production for taking up commerciai
production. The contention of Dr. Davis, the international
expert on eucalyptus does not seem to be tenable cs

there is a considerable market potential for this oil in
Eastern Europe and specially U.S.S.R. The market is
expected to grow in Asia and Africa with further development
of pharmaceutical industry in these countries. It is
advisable for forest department in Kenya to include

E. globulus in their future programme of planting, so that
in addition to wood essential o0il can also be produced.

This would increase the income of forest department which
is only utilizing timber for fuel and nulp.
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The other essential o0il species which is found in pure
stand in the lake areas is Eucalyotus citriodcra. The

leaves of this species contain 1.5 to 2.0% of an

essential oil rich in citronellal, which is used in
perfumey and cosmetic industry. The o0il has considerable
export potential in Euromve and U.S.A. Pilot plant

studies should also be carried out and sample of 0il sent

to inte:maticnal perfumery houses which have representatives
in Renya:. In future attempts should be made tc raise
pure-plantations in semi arid areas for production of fuel
and essential oil.

In addition to. the above plants there are scme cher
essential oil bearing piants which have considerable
potential use, but pilot scale study is needed by any
Research and development organisation to f£ind out the
ecorniomics of production.

Thesé- plants are:-

(a) - -African citronella (Cymhopogon nardus syn. C.

afronardus). Studies carried out by Scott Research
Laboratories had indicated that C. nardus grows wild in
Rift Valley nea: Gilgil and Naivasha area which contain
0.5 to 1.0% of an essential o0il rich in geraniol and can
probably be used either as a2 substitute of Palmrosa oil
(Cymhopogon martinii ) or citronella oil (C. winterianus).
Detailed pilot plant studies are to be carried out kefore
the oil can be used commercially. If found acceptable
tn perfumery industry, the grass can be cultivated on
the  steep slopes to check soil erosion. In addition it
would give an additional cash crop. Initially the wild
'material can itself be distilled for trial marketting.




(b) Mexican Marigold (Tagetes minuta): The plaat

introduced from Scuth Africa has beccme the most common
weed in all parts of Kenva. During our field survey it
was found growing on both sides c¢f roads and fallew land and
ranches, in Rift Valley areas, Western Kenya, Hignlands
and semiarid areas of eastern province as well as in
coastal province, studies carried cut bv Scott Research
Laboratories and again recently by Pharmacy Department of
Naircbi University have indicated that flowering tovs
contain 0.4 to .5% of essential oil. The cil has been

in limited use in the perfumery industry in the world and
pilot plant investigations have to be carried out in Kenya
for its commercial utilization.

(c) Ccimum kilimandscharicun: ‘the plants led

cal
"N'kuri" in Xikuyu has been used in traditioral svstem of
medicine and is fcund grewing wild in moist places in
Nairobi area. Studies carried ocut by Scott Research
Laboratories and recently by Chemistry Department of the
Nairobi University have indicated that the leaves contain
0.6 oil with 16 to 25% camphor. it one time the plant
was cultivated in Kenya for productisn of camphor.
However, the plasncation was given up hecause of low »rice

of camphor. C. kilimandscharicum has been examined

in a number of Asian and Africar. countries for nroduction
of natural camnphor. As price of both synthetic as well

as natural camphor from camphor tree (Cinnamcnum

camphora; is very low, production from O. Kilimandschnaricum

has always been found to be uneconomical. Heowever, the
plant is growing wild in Kenva can again be examined,

as source of camvhor by carrying out pilot plant studies
and if found ecconomical camphor can at least be produced
for internal consumption, Incidently canohor is on2 of thc
main plant preduct imncrted by various pharmaceutical

industries and annual consumption is 2 to 3 tons,



a) Muhugu Tree (Brachvlaena h;tchiinsii): The
WA

wood of this tree which is widely distributed in Xenva
vields 0.4 to .65 of essential o0il. The o0il has vetiver '
type odouzr. Further investigation is needed to explors

the commercial utilization of oil.

{e) Lemongrass (Cymhorcgon citratus): Accerding

to Dr. Maitai of Pharmacy Department, “Jest Indian tvpe

of lemcngrass nas become wild in certain areas of Machakos.

A survey indicated that the growth of grass is only in

scatterad areas. Analysis of oil content varies from

.2 to (G.5%. Althcugh it does not apsear to be econocmical

to exploit the grass from wild sources. Bat  this

dces give an indication that a gocd strain of the |
5rass can be cultivated in semiarid areias 2f Kenva. In !
crder to exploit the grass from wild sources, 2 suivey

has to be taken, and at least a few tons of the grass

is to be distilled tc find out the econzmics of orocduction.

(£) Micromeria micronh-lla: It is a small bush

groving wild in Limuru, Kinangop and Wyeri district at
an altitude cf about 6500 ft.. The leaves 1n steam
distillation give an essential o0il resembling scented
yerbena. This oil should be reinvestigated and
industrially evaluated.
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c/ Pramnedicinal Plants

There are a number of plants which are used in medicine
or perfumery industry only to a limited scale but these
have a large number ~»f other industrial uses. Some of
these may not have direct medicinal value but are
classified as pharmaceutical aids. The survey indicated
that there a number of such plants available in Xenva

which have considerable industrial potential.

Some of the most important raw materials which can be
immediately commercialized are:-

(i) Papaya (Carica papava): Kenya is one of the

few countries in the world which have ideal agrcclimate
for cuitivation of this Dlant and in fact Papaya
(vernaculer 'Pavaw') is one of the comronlv-.cultivated
fruit all over Kenya. Papaya is the source of the
proteolytic enzyme papain used in medicine. It is used
various digestive enzyme preparation for treatment of
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dyspepsia and gastric disorders. It is also used in
treatment of diptheria for dissolving cr softerning diptheric
membranes, and treatment of infected wounds. The enzyme

is often used after surgery to reduce the incidence of

blood clot where thromborlasma is undesirable, The

enzyme is also used for local treatment of buccal, pharyngeal
or laryngeal disorders.

dowever, only a small portion of Panain is used in

medicine and the major portion of this enzyme is used in
food and other industries. Papain is the main enzvme used
for tenderizing meat and fish. It is also used in beer and
other fruit juice industries for removing haza. Papain

is also used in production of meat and yeast extracts.

The 2nzyme is emploved as a component of baiting comnound
in leather industry and for digesting silk in textile
industry.




Although there is considerable guantity of papaya available
there is only one small unit near Kisumu nroducing small
amount of crude papain in form c¢f dried papaya latex.

There is considerable potential for starting at least

10 units in small-scale sector each producing 5 tons

of refined papain. This would give an approoriate

turnover of 75 million Kenya shillings, Papain

has considerable export potential in Europe, U.S.A. and
Japan. A detailed prefeasibility study is presented in

Annexure -(9).

Another oroteolytic . enzyme which is used aleng with and

also in place of papain, is bromelain which iz obtained
from pineapple waste as a byproduct of pineavvle processing
industry. Kenya has considerable potential £or putting

up at least two units attached to the main pinezppile

processing factcries.

(ii) Gum Arabic (Acacia senegal): Semiarid and arid

arecas of northeastern Xenya have sizeable natural growth
of A. senegal which yields a gum traditionally referred as

Gum Arabic in the world trade. Sudan produces more than
80% of this valuable gum. Other producing countries which
produce rest of the total supoly of the world are Senegal,
Mauritania, Ma'li, Nigeria and Somalia.

Unfortumately, the trees of Acacia yielding gum are not
in the control of forest department. It is necessary to
bring the main Acacia areas und~r forest devartment and
start production of gum arabic, under forest control.
This would give additional job ovportunities to rural
people‘in this area where people have very low income
becuase of pcor rainfall,




The contention of Dr. Davis that there is no scope for

export of Gum Arabic is not correct. The producticn of

Gum Arabic in Sudan is decreasing because cof indiscriminate
exploitation of trees for fuel while demand of gum arakic
is increasing specially because of development of
industries in the Third World.

Gun arabic is one of the few gum which is used extensively
in pharmaceuticals ard focd products. The gum is used in

tablets as binder and also as coating agent.

In fooed it is used in fruit gum, chewing gum, liquorice
sweets, ceramels and tofees. It is also used in soft
drinks as an emulsifier. Becausz of its water absorking
properties gum arabic is used in bakery products and
icecreams. It is also used in brewing industry fer
stabilizing foam. Other major uses are as adhesive use
in lethography and printing industry, ink making, paints
varnishes and sizing of parmer and textiles. Gum arabic
has also found its use as emulsifving agent in cosmetic
industry specially in foundation creams, lotions,
depillatery creams, anti-perspirants and deodorants.

(iii) Castorseed (Ricinus communis):- Castor

grows whild throughout Kenya on both sides of roads and
fallow lands. It can. also be easily cultivated in poor
soils in semiarid and arid areas. A limited amount of
seed is collected and exported. The annual expert varies
from 2000 to 3000 tons. There is sufficient castorseed
available in Kenya to justify estaklishment of medium size
castor oil industry.

Although castor oil has now only a liwited use in medicine,
it has considerakle pnteontial £or export hecause of its

-

large number of indusctrial uses. <Castor oil is used in




medicine, cosmetic industry, lubricant industry, paints
and varnishes as well as leather incdustry. Castorcake
obtained as a byoroduct after removal of cil is used as

a very good fertilizer.

(iv) Myrrh (Commiphorasn}: A& number of svecies of

commiphora exist in Kenya swvecially in arid and semiarid

areas. Gums of these species referred as Myrrh is used in
traditional system of medicine and also exported to

various countries for a variety of uses which includes its
use in flavour and fragrances. A detailed report about
Commiphora gums has already been given by an international
expert on pharmaceuticals, Dr. Mohamed Tawfik, and it would
not be discussed here. However, there is scope for prcduction

of essential oils and resinoids of Myrrh for cexoort to Euroge. !

(v) Neemseed {(Melia azedrach!}: Neem is a introduvced !

tree in Kenya which has become naturalizsd in the country
specially in coastal province where it is a common shade
tree on roads and planted as a windbreak on fences in
sisal and cashewnut states. It is also the most common
shade tree in rural areas on the coast. Various parts

of this tree have been used in traditional system of
medicine as well as insecticide. The seeds of the tree
contains 50 to 60% a fixed oil which can be utilized

for ncnedible purposes. In India the seed of this tree
is utilized for soap ﬁaking and hundreds of cottage
industries have been set up for production of Neemoil for
soap making. The cake left after expelling the oil is
used as a very efficient fertilizer (7 to 8% nitrogen).
The cake when applied to soil as a fertilizer also acts
as an effective insecticide against soil borne insects and

also controlls plant parasitic nematodes.




A survey and analysis carried cut by Dr. Manau of

Chemistry Depmartment of Nairobi University has

indicated that seeds have aporeciable o0il con-

‘tent . and can be utilized commercially for oil production.
It can support at least half a dozen cottage industries

in rural areas of coastal province. Colle~tion of seed
which is being wasted would provide job opportunities to
poor sections of pecople in the villages.

Pine (Pinus sp.):- Kenya has large plantations of pine.
According to the data provided by Forest Departemnt,
Kenya has more than 140,000 hectares of pine. The twe

main species cultivated are Pinus radiata and P. patula.

Pine trees are source of rosin and turpentine.' Rer in

is usad in paint and varnish industry and for sizing of
paper. Turpentive or oil of turpentine is as such

used in medicine, perfumery, paint and varnish industry.
Turpentine oil is also an importagt raw moterial Icr

a large rnumber cf perfumery chemicals and medicinal compcunds
iike camphor, thyamol and menthol.

Kenya is one of the few countries where pine trees are

not exploited either for rosin or turpentine prcduction.
Both rosin and turpentine are being imported from Eurcpe.
Puring the year 1979 Xenya imported 75.28 tons of turpentine
and 818.3 tons of rosin from abroad at a cost of 6.4 million
shillings. Both these materials can probably be produced

in Kenya at a much cﬁeaper price.

Fosin and turpentine can be produced by two different
processes. In countries like Kenya both rosin and
turpentine can be prepared by direct tapping of tree and
subsequent distillation. It can also be produced as a
pvoroduct of paper industry from Par African Paper Mills
at Webuye which utilizes only pine as raw material and
utilizes kraft process which is ideally suited for
producticiy of turpentine and resin.




According to authorities of Pan African Paper Mills there

is nc resin in Kenya pine, if their contention is true,

it means that Kenya pine has low contant of resin as

there is no pine which has no resin. The quantities

can be so low that it may nct be economical to process. . '
However, . tavping experiments carried out by one official

of forest depar‘ment who has got specialization and pine

products has indicated that yield of gum resin in

P. radiata is appreciable. As such there is a gcod

prcpsect for taking up a pilot scale investigation for
production of rosin and turpentine'in Xenya. A detailed
prefeasibility-study is enclosed in Annexure VI. If tae
contentisn of forest official is correct more than
20,000 tons of rosin and turventine which would go

only for export and support a turpentine industry in Kenya.




D/ Requirement of raw materials hy indigenous

Industries

A survey of the existing pharmaceutical units in the country
indicated that requirement of active constituents from
plants and crude extract of plants is very small. The
approximate requirement of such products is given in
Annexure VII. A comparison of the requirement in other
countries of the world indicates that both the number of
chemicals and the quantities required are very small. Except
in limited number of cases the quantities required are so
small that there is little scope for setting up of a
phytochemical industry for internal use in Kenya unless
the Government . evises its policy on drugs inthe country.
Any industry based on drugs from plants have to be
exclusively for export purposes. The reason for this
anomaly is the unfortunate condition cf the pharmaceutical
industry‘in Kenya. 1In fact there is very little of
manufacturing or formulation in Xenya. Most of the
industries except Dawa Pharmaceuticals are in fact
packaging industries or sale distribution centres of
multinational houses. A few of these units do make some
tablets and syrups, but the quantities are so small that
in some cases active constituents which are used are less
than a few hundred grams. Most of the important drugs
from plants are imported in form of finished drugs by
multinationals or traders Medicinal practitioners and
hospitals are apparently influenced or ccmpelled to
prescribe only those drugs which are suoplied by the
existing pharmaceutical houses and the pharmaceutical
houses sell only those drugs which give them very high
margin’ of profits. Use of crude extracts of plants
which is so common in all the daveloped countries like
U.S.A., U,S.S.R.,, Japan and Western Europe is very limited
in Kenya as no multinational house would be intarested in

selling such oroducts, which give them wvery low macgin of

profit., Unless the Health Ministry oZ Xenva charges its
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policy at least for few Covernment owned dispansaries,
health centres and hospitals and lays down definite

norms for the kind of drugs to be prescribed to g=neral
public, there is no scope for large scale use of plant
drugs in Xenya. This is possible only when the

Government takes a policy decision to manufacture essential
drugs in a public sector unit which should be exclusively
responsible for supnly of essential ard life saving drug

for majority of the population.

The condition of perfumery and cosmetic industry is no
better than the pharmaceutical industries. Most of the
high cost perfumes are imported freely in finished forms.
These are some soap, household detergent ané cosmetic
units, but all of them only do mixing of the finished
ingredients imported from their principals from abrcad
at exorbitant cost. All the major multinaticnal houses
which have packing units in Kenya 4o not impor* any
essential o0il, but get premixed and coded perfumes from
abroad when all of these can be compounded inside the
country. There is certain amount of import of perfumery
chemicals, but their quantity is so small tanat no industry
can be started for production of such small qualities.

There are a limited number of essential oil-resinoids and
their derivatives which are imported for use in medicine
and perfumery and at'least some of these can be produced
inside the country. The most important essential oils
imported are Aniseed 0il, Peppermint o0il, Eucalyptus oil
and Turpentine o0il. The two important derivatives which
are imported are Menthol and Camphor. Here again the
actual-use of such materials can be much larger if
finished products are not imported.
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There is a good posiégility of production of Peppermint
oil, Eucalyptus oil / Turpentine and oii. However an

industry can be started only if these products are also
exported. There is . considerable market for all these

products in Europe.

One of the main pharmaceutical aid imported in Kenya is
Gum Arabic which can be easily produced in Kenya without

much effort as the raw material Acacia senegel is

available in sizeable quantity in Kenva.

The only other drug which can be obtained from a plant
source and which is imported in sizeabls quantity is
caffeine for pharmaceutical and soft drink industry.
Most of this is being used by the Cocacola Bottling
company. '

More than 90 percent caffeine of the world is obtained
from synthetic sources. However, it can be also obtained
from tea waste (Commelia sinensis). Natural caffeine is

always costlier because of high cost of raw material.
However, caffeine is still being produced from tea
waste in India. A project for production of caffeine was
taken up by Industrial Survey and Promotion Centre but
subsequently given up as. the cost of tea waste was quoted five
to six times than the standard price of tea waste anywhere
in the world. Unfortunately the price quotation was
obtained from Messrs. Brook Bond Leibig of Kenya who seem
to have deliberately quoted a very high price. 1If the
Government of Kenya wants to stop the import of caffeine,
export of tea waste has to be stopped. With a considerable
falli in the price of tea, it is worthwhile re-examining

the caffeire project,




E/ Plants which can be cultivated in Kenvya

A study of climatic data of Kenya and actual field survey
of different agroclimatic zcnes in the country indicated
that Kenya is ideally suited for cultivation of a large
number of both medicinal as well as essential o0il bearing
plants. Preliminary experiments for introduction of scme
of the plants were undertaken during the British regime,
however, these éxperiments wers not followed up for
cormercial utilization of the raw material.

On the basis of existing scientific data it can bhe
concluded that followilng medicinal plants ca. e taken

up for pilot scale cultivation:-

(i) Senna (Cassia sp.): There are twe types of

Senna in the international market. Indian senna often

referred as Tinnevaly Senna (Cassia angustifolia) is the

main product in the market and is cultivated in Scuth
India. It has a lower glycoside content (2.0 - 2.5%).
Alexdrian Senna (C. acutifolia) is found growing wild in

Sudan and is referred as Alexandrian because previously
it was exported exclusively through the port of Alexandria
before the vort of Sudan was developed. Alexandrian
senna is preferred in international market because of its
higher sennoside content (3.5 to 4.0%). Sen-.a glycoside
called sennosides are used as lexative all over the world
in form of calcium sennoside. While both leaves and pods
are used for extraction of sennoside, leaves are alsc used
to a limited extent in form of senna tea in central and
western Europe. A portion of the drug is also used

in form of crude extract as senna extract.
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Preliminary experiment carried out by Bamburi Cement company
have indicated that coastal areas of Kenya are suitable for
cultivation of senna. The plant can be cultivated even in
semiarid areas specially southern lowlands where irrigation
facilities are available. It is advisable to cultivate
Alexandrian senna in Kenya as it has better market

potential and the production of senna has been decreasing

in Sudan progressively every year. Iﬁitially leaves and
pods can be exported and when the production of raw

material is sizeable, an industry for producticn of

sennoside can be established in coastal province.

(ii) Periwinkle (Cathranthus roseus): The plant

which was used in traditional system of medicine in

West Indies and South Africa has been adopted in modern
medicine because of its leaf and root alkaloids.

As already indicated the plant is found growing wild in
certain semiarid areas of Kenya. However, the cuantity
available is small and it can be cultivated. A detailed
prefeasibility study on this plant is attached in
Annexure IX.

(iii) Aloe (Aloe sp.: Low rain fall areas,

specially those in North Eastern Kenya are quite suitable
for ~ultivation of this plant. As already indicated
certain species of Aloe are wild in Kenya. However,
these are of inferior quality.Cape Aloe (Aloe ferox)

and Curcao Aloe (A. barbadensis) can be intrcduced and’

cultivated. These species fetch much better price in
international market. A detailed feasibility study has
already been made by an earlier expert Mr. N.L. Wake.

There are a number of plants which have never been
in*roduce? in Kenya. However climate and soil of Kenya are
suitable for their commercial cultivation. These plants
have to be first intrcduced,cultivated on experimental
scale, before these can be reccmmended for ccmmercial
cultivation,




The plants which can be tried on exverimental scale are:

a) Egyntian Henl ane (Hyoscvmus muticus):

The plant contains .6 to 1.5 % total alkaloids with more
than 85-90% Hyoscymine and 10-25% Hyoscine (scopclamine).
It is used as a commercial source of Hyoscymine sulphate
and atropine sulphate. Botn these alkaloids are
extensively used in modern medicine because of their
anticholinergic and antispasmodic action in a variety of
human ailments. Most of the raw material which is
processed in Europe is obtained from wild growth in
Egypt. The plant is also cultivated in U.S.A. It has
recentl been introduced in India in experimental
cultivai ion. All areas of Kenya which have elevation of
4000 ft. and below and which have low rainfall and low

humidity are suitable for cultivation of henbane.

b) Dubcisia (Dubosia sp.): There are twe species

of this tree which is indigenous to Australia. Leaves of
(D. myororcides) contain 2.5 to 3.5% total alkaloid with

more than 60% Hyoscine (scopalamine)and it is the main
source of Hyoscine in the world totay. Hyoscine, because
of its anticholinergic activity is used in motion sickness,
and disease of intestine and respiratory tract.

D. leichardtii also contains 2 to 3.5% total alkaloid
with more than 60% Hyoscymine and the rest as Hyoscine.

It is mostly used as a source of Hyoscymine and Atropine.

All the semiarid areas of Kenya except high mountain ranges
and humid areas are suitable for cultivation of this plant.
Planting material can be cbtained from Australiia and India.




c) Ipecac (caphalis ipecacuanha): Ipecac roots
contain 2 to 3% total alkaloid most of which is emetine.

Emetin is used for treatment of amoebic dysentry. Crude
extracts of ipecac is employed as expectorant and emetic
Ipecac is cultivated in Malyasia and India. At present
there is acute shortage of ipecac roots mainly because-
of greater use of emetin for treatment of amocemic dysentry
as strains of amoebae has developed resistance to
synthetic antiamoebic agents.

All the tea growing high altitude areas, like Kericho
with high humidity and rainfall are suitable for this crop.

d) Liquorice (Glycvrrhiza glabra): Ligquorice

is one of the most commonly used medicinal plants. In form
of extract and powder it is used in medicine as Z2emulcent,
expectorant as well as antiflammatory agent. Its active
ingredient is a triterpenoid saponin called Glvcyrrhizin.
The roots and rhyzomes which censtitute the drug centain

5 to 20% Glycyrrhizin. Glycerrhizinic acid is used for
treatment of addisor's disease, wrile its derivative
Glycyrrhetic acid in form of sodium salt is used as an
antiinflammatory agent in treatment of gastric ulcers

and skin disorders.

In addition to its use in medicine liquorice has large
industrial use as a flavouring and sweetening agent
in tobacco, beverages, candivs and confectionary. It is
also used as a foaming agent in fire extinguishers.

All semidry and dry desert areas of Kenya are suitable
for cultivation of this drug which has considerable
market and export potential. A detailed note regarding
cultivation of liquorice is given in Annex. IX.
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e) Medicinal Yams (Diosconez sp.):

Certain species of Diosccrea contain a steroidal sapogenine,
called diosgenine. Diosgenine, is one of the main starting
material for synthesis of sex harmones, corticestzsroids,
oral contraceptives and 2napolic agents. Inspite of
development of other sources of steroidal drugs like sterols
from soybean o0il and total synthesis diosgeninestill
continues to be an important source of these drugs. The
major diosgenine producers in the world are Mexicc, China
and India. Most of the raw materials are obtained from
wild growth of various sapogenins bearing yams in these
countries. However, recent experiments carried out in

India have shown that certain Mexican species of Dioscorza
can be cultivated as raw material for diosgenine. The two
main species which have been £ound to be amenable to

cultivation are Dioscecrea floribunda and D. composita.

A number of leading steroid manufacturing companies in
India have set up commercial farms for cultivation of these
yams.

Climatic conditions in Kenya are quire suitable for D.
floriktunda ard D. ccmposita. The entire Rift Valley,

svecially the lower elevations, coastal province and lake
basin areas of Western Kenya are suitable for cultivation
of these yams. Planting material can be obtained either
from Mexico or India. Once the cultivation is found to be
successful, a diosgenine‘producing industry can be
established in Kenya.

£) Belladona (Atropa belladona): Belladona is

one of the most commonly used medicinal plant in modern
medicine, all ovar the world, Both the roots and leaves are
used., The plant contains .3 to .7% total alkaloid
containing Hyoscymine, Hyoscine and Atropine. While
first two alkaloids are present in the plant, atropine is

formed during extraction of alkaloid frem the plants.




- 31 -

Because of its cost, Belladona is not used for production
of pure tropane alkaloids, but employed in form of crude,
extract, tincture and total alkaloids. On the basis of

its anticholineruic and antispasmodic action it is used in
intestinal disorders, asthma and to check the spasm

in case of urinary bladder pain. It is also used in
treatment of peptic ulcers. In form of plaster it is used
as an analgesic and antiinflammatory agent for lccal
application. Preliminary investigation carried out by
Pharmacy Department of Nairobi University has indicated
that the plant can be cultivated in Kenya. However,

yield data and information about economics of cultivation
are not available as the plant has been cultivated on

very small scale. A large scale experimert tc calculate
the cost of cultivation and profitability has to be carried
out. High altitude areas having an altitude of 6500 f£t and
above are suitable for cultivation of this crop.

g) Ergot of Rye (Clavicaps purpurea):- The trade

name ergot is given to the sclerotia of a funqus C. purpurea,

which is parasitic on rye. The sclerotia contain more
than two dozen alkaloids of which three are widely used

in medicine and have considerable demand in world market.
Ergometrine .s used as an oxitocic agent to facilitate
childbirth and to stop postpartum haemorrhage. Ergotamine
is used for treatment of migrain and engotaxine grcup of
alkaloids are used as vasodilators to control essential
hypertension.

For production of this drug rye has to be introduced in
Kenya as a crop and a suitable strain of the fungus has
also to be obtained for creating artificial infection of
the crop.
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All high altitude areas like Molo are suitable for
cultivation of this crop.

In addition to above crops which are to be cultivated as

cash crops on farms, there are certain trees or shrubs i
which can be used by fcrest department in their tree

planting programme. Voacanga africana is a tree found

growing wild in Tanzania, Zaire and Uganda. Recently

the plant has been adopted in modern medicine because of
its alkaloids in seed. The seeds of this tree contain

2 to 3% of an alkaloid. Tubersonine which is used as a
starting material for synthesis of Vincomine, a common
vasodilator used in modern medicine.

Rauvolfia wvomitoria is a large shrub found wild in Zaire, A
Tanzania and Uganda. The roots contain 2 to 3% toctal

alkaloid. The roots and rcot bark are ‘exported to Europe

from Africa for isolation of Reserpine and Ajmaline.
Both of these plants can be introduced by forest
department in areas adjacent to Tanzania.

In addition to medicinal plants - following important
aromatic plants can also be cultivated in Kenya. Some of

those which have considerable world market and which should
be tried are:-

i) Geranium (Pelargonium graveoleus): This

plant has already been cultivated in Kenya for at least

50 years and it was introduced in Kenya by Scott Laboratories
in early part of 20th Century. However, it has remained
confined to one farm in Naivasha area. The plant should

be tried in all Rift Valley areas specially those having

low to medium rainfall, All areas having elevatior of

4500 to 6500 are suitable for this cultivation of this crop.
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ii) Lemongrass (Cymbopogon citratus):

Cultivation of West Indian type lemon grass was tried by
Scott Laboratories in 1929 at ltlairobi. Results were
quite encouraging; However commercial cultivation was
never tried because of poor price of cil and limited
market potential. Grass has now beccme wild as an
escape from cultivation in certain areas of Machakos.
All lower wlevation of Rift Valley (6000 ft and below),
humid area of Western Kenya, semiarid areas of Eastern
province and Coastal areas are suitable for
cultivation of this crop.

The leaves give .25 to .5% . 0of an essential o0il

containing citral. The o0il is used to a limited extent
for scenting low grade perfumes. However, it is mainly
used for isolation of Citral. Citral itself can be used
as flavouring chemical or for cheap perfumes used in
household cleaners and detergents. Citral can also Le
converted into ionones and Vitamin A. The grass can be
cultivated on poor soil and also used on steep poor slopes
to check soil erosion. A detailed note on lemon grass is
given in Annexure IX.

iii) Pachouli (Pogostemon pachouli): The leaves

of P. pachouli yields an o0il called pachouli oil. The

0il is used extensively in all high grade perfumes and
cosmetic as a fixative and has considerable export
potential. The plant was introduced experimentally by Scott
Laboratories in 1929 and results were found to be
encouraging. However, experiments were discontinued and
commercial cultivation was not taken up. Moreover the
olant was not tried in ideal climate. Pachouli prefers
warm humid climate, and warm humnid areas in Western
Kenya and the coastal province are more suitable as
compared to Rift Valley arzas. A detailed note on this
crop is given in Annexure IX.




iv) Eucalyontus (Eucalvptus globiulus arnd =. citriodora)

Climate of Kenya is ideally suited for cultivation of both
E. globulus and E. citricna. However these should be culti-

vated as crops for essential o0il by farmers in addition
to its planting as fuel and timber tree. A detailed
report on Eucalyptus has slready been made by another
expert, Dr. Davis.

In addition to the essential oil crom which have already
been tried and found tc grow well, follwoing plants wculd
grow well and should be tried on experimental scale.

1. Citronella (Cymhopogon winterianus):-
War humid areas of Kenya specially those in Western Kenya

and Coastal area are suitable for cultivation of Java tyre
citronella. Citronella leaves contain .7 to 1.3% of an
essential ©il which is used extensively as a raw material
for isolation of citronellal, citronellol, geraniocl, and

a number of other perfumery compounds. The plant should
be introduced on experimental scale either from India

or Indonesia. A detailed note akout citronell is given
in 2Annexure IX.

2. Jasmine (Jasminum ~randilorum): Most of the

Rift Valley areas and semiarid areas of North Eastern Kenya
are suitable for cultivation of Jasmine. Preliminary triais
carried out by East African Research Organisation at Thika
during the British period showed that Jasmine was found to
grow well. Jasmine flowers are used to oroduce concrete
which is extracted by petroleum solvent. Jasmine concrete
is one of the most important perfumery raw materials used
widely 'in high grade perfumes and cosmetics. Egypt,
Morocco and France are the main jasmine producing areas

of the world and there is considerable demand of the
commodity in internaticonal market. Once cultivation of
jasmine is found economical, taechnology can be transferred
either from BEgyst, Italy or France throngh bilateral

agreement with perfvmery houses, FProper variety of
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jasmine can be introduced from Egvpt, France or India.

3. Peprermint (Mentha piperita): Peppermint is

one of the most important essential oils produced in the
world. It is used extensively in medicine and flavouring
industry. 2 limited amcunt of oil is also imported in
Kenya for pharmaceutical purposes. All high altitude
Rift Valley areas (600 to 750 ft are suitable for
cultivation of this crop. Small scale expeiiments
carried out by Scott Laboratories in 1930s-had indicated
that the plant can be cultivated in Nairobi area.
However, large scale trials have to be carried out to find
out the economics of cultivation. Mint carn be introduced
in Kenya from U.S.A. or India.

4, Japanese mint (Mentha arvensis):- Leaves of

Japanese mint yisld .4 to .6% of an essential oil
containing 70 to 90% of menthol. Japanese mint cil is the 1
main source of natural menthol in the world today.

Menthol is an important chemical used in medicine,
cosmetic and flavour industry. Although Japanese mint has
not been tried in Kenya, warm humid areas in lake basin
areas of Western Kenya and the coastal areas are suitable
for cultivation of this crop. Both Japanese mint oil and
Menthol have considerable export potential. Menthol is
also one of the few important chemicals imported for use
in Pharmaceutical industry in Kenya.

Lavender (Lavendula sp):- Lavender o0il obtained from

flowering tops of different species of Lavender can be
cultivated on higher altitudes (6500 to 80C0Oft). In

Kenya Spike lavender was tried in small scale during
the British period and was found to give good yield of
oil. There is scope to introduce different species of

lavender in Kenya.




Lavender o0il is one of the most important essential oils used
in perfumes, cosmetics and soaps in the world and has

considerable export potential and future use in Xenya.

In addition to above mentioned essential oil bearing plants,
a number of spice essential oils can also be cultivated in
Kenya. These include aniseed oil (Pimpinella arisum),

Corinder oil (Coriandrum sativum) Diliseed (Anethum graveolens)

0il and carraway oil (Carum carvi).

'
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RESEARCH AND DEVELODMENT

Research and development on medicinal and aromatic plant in
Kenya is in a 7ery preliminary stage. Moreover most of this
work is spread over a number of departments consisting of
routine survey or academic in nature with no relevance to
commercial utilization of these plants in the ccuntry.

This has happened because of lack of trained personnel,
sophisticated scientific equipments and shortage of funds for
such research projects.,

Inspite of these drawbacks and meagre financial support a ' 1
group of young men have done useful work in various

departments of Mairobi University. This work if fcllowed
up and pianned properly can lead not only to scientific ?
knowledge, but, definite industrial activity. '

The current status of research in various research institutions
is described below:

1. Aoplied Research:~- Industrial research which should

be aimed at commercial utilization of plants does not exist
any where in Kenva. However, such research was started
during the Br’ltish rule as early as in 1929 by scientist of
the Scott Laboratories {(now National Agricultural Laboratories)
and later on by East African Research Organisation (now Kenya
Industrial Research and Development Institute - KIRDI). As

a result of this work carried out by these institutions,
Chinchona and Geranium were taken up on commercial scale,

and production of Cedarwood 0il was started. A pilot

plant for production of crude hecogenine was also established
which finally lead to production c¢f this chemical con

various sisal growing estates. Unfortunately all work on

cultivation and processing of medicinal glant was discontinued




after independence.  If Kenya proposes to utilize these

plants fof industrial purposas a new research organisation

as a part of either KIRDI or National Agricultufal

Laboratories would have to be set up. '

2. Survey and Screening: Survey and screening

of medicinal plants and plant containing essential o0il has
been carried out for the last 3 to 4 years in the following
departments:-

i) - Pharmacy Department, Nairobi University:-

The department has carried out analysis of oil content of
a number of essential o0il bearing plants which are already
growing wild in the country and found that oil content ia

Eucalyptus citriodora, E. globulus, Tagetes minuta and |

Lemon grass (Cymbopogon citratus) is appreciable in Kenya. \

These workers have thus confirmed the earlier werk carried
out by British workers of Scott Research Laboratories
before independence. Scientitist at this department have
also carried out introduction and cultivation of certain
medicinal and aromatic plants and found that a number of
plants like Belladona (Atropa belladona), Digitalis

(Digitalis ourpurea) and Coriandrum Saativum can be

cultivated in Nairobi area. However, yield data and economics
of cultivation ani nave not heen worked oit, as the work
was carried out on a very small scale.

ii) Department of Chemicstrv, Nairobi University:

There are two natural product chemists who have been
screening Kenyan plants for presence of essential oils,
fixed oils and saponins. Very useful data has been collected

regarding. new sources cof essential oils.




In addition to Ocimum Kilimandscharicum and 9. hasilicum

which were investigated earlier the department has found out
two new sources of essential cils which might find

industrial use in future. These new sources are Trachoranthus

camphoratus, and Sterculia biflora. The department has also
carried out screening of wild plants for fixed oils. It
has been cbserved that both Neem (Melia azedrach) and castor

seed (Ricinus communis) have high cil contant -and can be'prp-

cessed - commercially for production of oil.

iii) Department of Bicchemistry, Naircbi University:
A group of young men lead by Dr. Mugo has been trying to
screen plants used in traditional system of medicine in
Kenya. Although only a few plants have been screened,

Dr. Mugo has carried out extensive survey and has also made

careful observation regarding the effect of these plants on
patients treated by traditional healers. He has also
compiled a list of plants which need investigation as these
are used effectively to treat certain diseases.

Certain amount of funds have been made available to Dr.
Mugo for taking up the work. However, the amount of funds
available, the manpower and scientific personnel available
are too small to c¢arry out a meaningful screening »rogramme.
The department does not have any natural product chemists
and sufficient number of pharmacologists are not available.
There is no animal house ‘as such as animals are purchased
from outside. However the department is the only place

in Kenya where a group of qualified and energetic biochemists
are available. Moreover these people are ready to work
even under adverse circumstance. The present state of
affairs if allowed to continue which actually means
sanctioning of small grants by National Council of Science
and Technology, would result into only scme academic papers.




It is therefore essential that a research centre should be
developed at Nairobi University whicn should be managed by
the Department of Chemistry, Biochemistry and Pharmacology.
This centre should be equipped and aided by UNIDO in the
form of equipment and training facilities to carry out a
well planned programme of screening of plants used in
traditional system of medicine.

Beforé taking up such aﬂbrogramme cne should keep the basic

fact in mind that such a scientific study would not give

any immediate result in the form of industrial use of such

plants. Somehcé?grroneous impression has been created

in the mids of officials of Ministry of Health and Industry

that researxrch on plants used. by witch doctors in Kenya has

large industrial potential and infact some people feel that [
plants used by trational healer can be used immediately to "
take care of the health needs of peopole in Kenya. This is a

very dangerous proposition and before the Government of |
Kenya decides to invest any money in such a »roject,

they must understand that although such a research project

is very useful and should be given all possible support,

it “wouid -~ onlv . create scientific competance in

the country and result  into - generation of useful

scientific data. It may also lead to identification of

new drugs from plants which may be used in medicine.

However, it would take at least 10 years before a new

drug can be used in medibine. Any new drug from plants

has to go through a long term carefully controlled toxity

and clinical trial before lt can be recommended for use on -
humans, as lives of human beings are ©o0 precious to be

played with by advocating blindly any plant which has some
pharmacolqgical activity. It is a misconception to think

that all drﬁgs from higher plants which are being used by

traditional medical practitioners either in Kenya or other

parts of Asis and Africa are safe tc be used for general

health care. Experiments carried out by Dr. Mugera of
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Department of Pathology and Microbiolegy, in the school
of Veterinery Sciences had indicated that scme of the most
ccrmonly used medicinal plants by certain tribes in

Kenya -are highly toxic and some of them are highly carcinogenic.

iv) Department of Pathology and Bacterialogy, Faculty

. of Veterinary Science, Nairobi University:

The department under the guidance of Dr. Mugera has been
interested for the past few vears in studving the pathoclogical
and toxic effects of some of the plants commonly pbrescribed.
by tribal healers for treatment of diseases of men and
animals. They have found that some of these plants are
highly toxic even in low dozes and a large portion of them
are carcinogenic. It has also bkeen observed that in these
arecas and tribes where these plants arz used extensively,
there is high incidence of cancers both among human keings
and domesticated animals. There is urgent reed to strengthen
this research proejct so that the riral population can be
cautioned against use of toxic plants.

If one carefully examines the research work in the four
departments at Wairobi University, it becomes apparent
that all these departments are working in isolation, which
results in duplication of work and the limited amount of
funds which are available from the National Couincil of
Science and Technology are not properly utilized. With
such isolated projects no department is able tc equip
itself and the research results remain unutilized. A
meaningful programme of researhc which would not only be
industrially oriented, but would also generate new
scientific knowledge can be only taken up if efforts of
all the departments are coordinated under onz project.

Priority should be given to those projects which would
yield gquick results with minimum use of men and materials.

There is no need to carry on work on those plants which have

been thoroughly investigated in Zfrics r elsewhere.




Somehow an impressicn has been created in the cofficial
guarters that there is a large potential for production of
drugs frem indigenous plants used in traditiocnal system

of medicine or foik medicine in Kenva. It has bheen
prescribed withcut looking into already published literature
that all of these have to be investigated and screened. 1In
order to probe this question a detailed study of available
scientific literature was made and the matter was discussed
with scientists who have documented the plants used by
traditional healers in the country. It was found that most
of the plants used in folk medicine in Kenya are the same

as those uvsed in other Asian, African or Scuth American
countrieé. More than 95% of these plants have been
thoroughly investigated, their active constituents and
pharmacological activity cdocumented. Those which have been
found active have also been adopted in modern medicine. All
the plants which have been indicated in the chapter II

of this report are used in traditional medicine. However,
there are 5% of these plants fcund in Kenya which have not
been screened in detail and only these need to be reinvesti-
gated in the research programme to be taken up in future.

A research centre with active collaboration of all the
departments has to be established to carry out this work.
This centre which would carry out preliminary investigation
would have to work in collaboration with Medical College
and KIRDI, in order to find out the practical and
commercial use of any of the plants found to be active and
safe to be used in medicine. One basic principle should

be kept in mind that the people of Kenya have to be -
provided their medical facilities based on scientific and
modern system of medicine and one cannot think of prescribing

crude drugs based on casual observations of witch doctors
and pecple practicing folk madicine. Nobody can denv that
there may be certain plants used by tribal people in rural
areas which can be used as safe and effective therapeutic
agent, but these hava to go through a series of scientific
trials and cleared by the drug control authority of Kenya
before these can be used on human being or domestic animals,




RECCMMENDATIONS

1. Utilization of Existing Raw Materials:

All existing raw materials of medicinal aromatic or allied
plants, specially those available in sizeable quantities should
be processed inside the country. Suggesticn for various grcups
of plants are given Below:-

A. Medicinal Plants: Immediate action should be taken

for banning the export of Cinchona bark from Kenya and a
cinchona alkaloid unit should be set up at Kericho. The parent
companies in U.K. and Belgium should be asked to set up the
processing factory.in collaboration with Kenya Government. If
the parent companies do not agree to this proposal, technology
can be transferred from India, U.K. or Germany and a vuklic
sector unit should be set up to process cinchona bark for
production of quinine, quinidine ard cinchona febrifuge. This
company should also take action for processing ¢f Stramonium
(D. stramonium) for producticn of tctal extract and Aloe

(A. secundiflora) for production of solidified extract.

At least two to three units for production of pure hecogenine
from sisal waste shnuld be set up at those states which are
growing only A. sisalana. for fibre prcduction. Technology as
well as machinery for production of crude hecogenine is
available with several sisal estates. Technology for
production of pure hecdéenine can be either transferred through
UNIDO from National Research Development Corporation, England
or Glaxo Laboratories, the main consumers can be approcached to
set up a unit in Kenya.

As regards commercial utilization of potential raw materials
like periwinkle (C. roseus), Kenyan Rauvolfia (R. mombasiana)
and Gloriosa (GC. simplex). KIRDI should establish a separate
department of natural product Chemistry to carry out necessary

research work before these can be used for industrial production.
The details of such a set up is given in the section Research
and Develcrpment,
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8. Aromatic Plants: Kenya Governmant should encourage

setting up of more units for nreduction of cedar wood oil
from East African cedar saw dust available in Kenya sc that
at least 200 tons of o0il can be produced and exported. ,

Technology for precduction of the o0il is avaikble in Kenya.

Those plants which have to be still investigated and which

have industrial potential, should be tried on pilot =lant scale
by XIRDI after it is able to . 2t up its new division of

Natural Products Chemistry. The plants which should be

taken up for pilot plant studies are Eucalyptus (E. globulus,

and E. citriodora), lemon grass (T. citratus}, Mexican marigeld

(T. minuta), African citronella (C. nardus}, Muhugo {(B.

hutchinsii), Ocimum basilicum (0. kilimandscharicum) and

M. micrerhvila). .

C. Paramedicinal Plants: Imediate acticn <nouia be

taken up for putting up a number of unit for production of

refined papain. XIRDI has necessary facilities feor

development of technology as the technnlogv was previously

develcped by East African Research Organicsation, and a

demonstraticn unit has to be established by the institute.

It it is not possible for KIRDI, technology can be |

transferred from Central Food Technologicai Research

Institute in India, through Nationul Research Development

Corporation of India. The pine apple processing companies

in Kenya should be alsa advised to produce bromelain

from pineapple waste. The technologvy for production of

this enzyme is available in their parent companies. -
Production of castor o0il can be started immediately by
contacting any of the companies supplying cold pressing and
solvent extracticn nlant in India or Brazil.

As regards gum arabic, neem o0il, oil c¢f the turpentine and
resin fro pine, pilot scale studies shouli be carried out by
KIRDI in ccoperation with ferest department so as to work

out the econcmics. All these commodities can be used in

indigoncus industries.
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2. ~Intrcduction of important medicinal and

f

nlants in Kenva:- As already indicated, ciimate anrd scil

of Kernva is quite congenial for introduction of a number of
medicinal and aromatic plants. The list of such plants
which can be profitably cultivated in the country has
already keen given. However, in order to implement this projact
an apnlied research and development crganisation is needed
which does not exist in Kenya. It is suggested that a
research group consisting of an agronomist, phytcchenist

and a chemcial engineer should bhe immediately created. It
is better if this project can be take up in collakoration
with NMatvional Agricultural Laboratecries and KIRDCI., The
organisation should have at least a 50 acre rescarch farm

in Nairoki with substations at varicus agricultural rescarch

station 2t Thika, Molo, Machakes, Kakamega and the Coast
e

’.4

Agricultural Research Staticn. The existing research
staticn of Agriculture or - horticulture deparztment -
shculd be usz2d for this purposa. The tihree scientists appointed

for this purnose should be trained for a period of 2 to 32

Y

months at Central Institute of “edicinal and Arcmatic plants
in India where they will get a chance to study both
cultivaticn,analysis and processing of these plants. B2Rfte:r
the scientists have reen trained the different plants

should be introduced on small scale, and those fcund
suitable should be tried on large scale. These scienticsts
would have to develop a package of agronomic practices
suited to local conditions. After the nlants have Leen
introduced an international expert who is experienced in
organisin§ such a research should be provided for 3 months
to see that the project is executed properly. UNIDO

should finance the training and provide pilot plant equipment
for the project. The local cost should be provided by the

Ministry of Industry.




3. Research and Develovment: In order to make use of

medicinal and aromatic plant for development -of industrial
ec-nomy in Kenya, research and development shculd be

organized and strengthened on the following lines: '

a) Applied Research: This research should be given

top priority as only this type of research activity can
lead to development of industries based on medicinal,
aromatic and allied plants.

Applied research should be organizecd at different places.

b) . Develorment of Agrotechnologv: This saould be

organised as already indicated at National Agricultural

Lakoratcry and should initially consist of a senior
Agronomist, one Phytochemist and one Chemical kEngineer.
The centre would be run in collabkcraticn with XIRDI. This ;
group would be responsible for development of indigenous

agrotechnology and processing technoclogy for essential oil

plants.

c) Development of Processtachnology: This group

should be organized at KIRDI and the institure should startc
a new department of Natural product chemistry. Initially
this should consist of one Phytochemist speicalised in
chemistry of medicinal plants and an essential oil chemist.
The Chemical Engineering Department of the isntitute would
ccllaborate with this group in pilot plant studies. The
main work programme of this section would be to develop
technology for processing of existing raw materials and
carry out pilot scale study of those plants and products
wheih are found to be of potential value by the screening
group at the Universitv. These scientists would also

help in import or transfer of techroleogy like production cf
hecogenine, cinchona, alkaloids and papain. The two

scientists of +hisz group should also be trained by UNIDO

in suitable institutions in India or Europe.
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d) Survev and Screening of Plants: Survey and

screening ci indigenous flora shoudl be carried out by a
centre to be established at Nairobi University at Chiromo
campus. Thig should be a multidisciplinary group establi-
shed in collabroatiosn with Chemistry. Biochemistrv and

and Pharmacology departmeats of the Universitv. In additien
to the existing staff which is invelved in such research
work,, National Committee on Science and Technology

should provide at least two natural product chemists, one
pharmacolcgist and one botanist as necessary supporting staff.
The scientists of this group should carry ont work on
following project: .

i) Screering of nlants used in traditionzl

medicine. The Biochemistry, Fharmacology and Chemistry

o

Deparunents wovld work jointly on this project. The

§

bectanist would provide the plant sample and would alsc
carry out ethancbctanical survey in collaboraticn with

Biochemistry department.

ii) Chemical screening of plants for known active

constituents of plants and essential oils:

This shculd be done by chemistry department and pharmacy
department should be asked to work in collaboration with
chemistry department. Any promising plant once found of
potential industrial value should be passed on to KIRDI

for pilot plant study, market study and trial marketting.

The coordinator of the project on screening along with one
natural product chemist and one pharmacologist should
visit Central Drug Research Institute and Central
Institute of Medicinal and Arcmatic in India to acquaint
themselves with latest techniques and methodology of such
research werk., UNIDO shculd bear the cost of training

of these three scientists for a period cf 2 tc 3 months.
After returning from training these scientists should make
& list of scientific equipment nieeded for chemicaland

pharmacolegical wozrk, UNIDO should provide the necessary
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scientific eguipment which has to be imported. UNIDO
should alsc provide two jeens for carrying out survey and
collection of plant material and ‘any scientific literature
anéd books required exclusively for this project.

National Committee on Science and Technology should
finance this proiect and should not give money for
individual »nrojects in this area. This would result

into considerable economy.

The project on study of toxity of vlants used in

traditional system of medicine carried out at Veterinary School

under Dr. Megera should be given further suppert by N.C.S.T.
as it is a useful study, so that rural population can be
educated not to use these plants which are highly toxic.

After the project at Mairobi University has been started,
three international experts with following qualificatiocons

should be provided by UNIDO to streamline the research work:

1. Cn2 Pharmacclogist with long experizance of

screening of medicinal plants.
2, A natural product Chemist with experience of
screening and structure elucidation of active

_constituents of medicinal plants.

3. One essential oil chemist with experience of
screening wild flora for new essential oils.

The proposea research centre shcoculd give top priority to the
following type of plants:

A, Plants used in traditional medicine: Although all

plants should be subjected to general screening, special
emphasis should be given on following »lants.




6.

B.

Plants effective against trowical disease like
tropical varasitic dissases including malaria,

filaria etc,

Plants effective in treatment of wvropical intestinail

disease like gasteroenteritis, dysentry =tc.
Anticancer plants.
Plants used as antifertility agents.

Plants used as anti-inflammatory drugs for treatment
of arthritic disease.

Plants effective against liver discrder.

Screening cf plants for known comnounds. 3Special

emphasis should be given to plants contrining following

types of plants:

1.

Plants containing Diosgenins, Solasodine or other
steroidal sapogenin.

Plants containing trovane alkaloids like Hyoscine
and Hyoscymine.

Plants containing Colichicine.

Plants containing new and novel essential oils.

——————




SUMMARY

A study was undertaken tc explore the possibility of

utilizaticon of medicinal ard aromatic plants in Kenya..

Existing raw materials were estimated by discussions | -
witl various research organisations and actual field survev

cf the rain areas in Kenya.

Possipbility of introduction and cultivation of important

medicinal and aromatic plants which have considerable.

worid market was also investigated by studying the various

agrcclimatic zones of the country. A survey of existing

pharmaceutical, cerfumery and cosmetic industries was also

carried out to assess the requirement of active constituents

of plaﬁt,crude extracts and essential cils f£for indigencus

use in Kenya., Existing research and development on

medicianl and essential o0il b=2aring plants was alsc studied .

in order to suggest improvements.

Survey of existing raw materials indicated that Renya has
two main wmedicinal plants which can ke utilized for setting
tp industries., Cinchona bark which is being exprted can

be used for production of Quinine and Quinidine, while
sisal juice can be used for production of Hecogenine. Two
cther medicinal plants which can be commercially utilized

are stramonium (Datura stramonium) and Aloe (Aloe secundiflora).

They can be used for producticn of crude extracts.

There are three other plants which need further investigaticn
before these can be used for commercial purpose. These are
Rauvolfia mcmbasiana, Gloriosa simpiex and Cathranthus roseus.

The only existing raw material for essential oil is East

African ceder (juniperus procera) for oroduction of cedar

wood oil. This raw material is being utilized to a limited
extent,
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In addition there are a number of essential oil plants
which have industrial potential, but these need to be
investigated on pilot scale before these can be

produced ccmmercially. These plants are Eucalyrtus ' '

globulus, E. citriocdcra, Cymkopogon citratus, C. nardus,

Tagetes minuta, Ocimum Kilimandscharicum, Micromeria

microphylla, Brachylaena butcninsii, and Sterculia biflora.

Besides medicinal and arcmatic plants, Kenya has raw
material for a numebr of other plant raw materials which can
be classified as paramedicinal.. In addition to their use in
medicine the active constituents from these piants have
other industrial uses. Such clants include Papava (Carica
pavaya) for papain, Pine (Pinus sp.) for rosin and

turpentine oil, Acacia {Acacia senegal) for gum arabic,

Cactor seed (Ricinus communis) for castor oil and Neem sea2d

(iledia azedrach ) for Neem c¢il,

A survey‘of different agroclimatic zones and study of the
climatic data indicate that Kenya has ideal secil and cliimatic
conditions for cultivation c¢f a number cf medicinal and
arcmatic plants which can be intrcduced in the country Zor
expert to developed countries. Those medicinal plants which

can be cultivated in the countries are Sapogenin bearing

yams (Dioscorea floribunda ard D. composita), Belladona (Atro~
na. belladona), ipecac (Cephalis ipecacuanha), Duhoisia sn.,

Liquorice (Glycyrrhiza glakra), Periwinkle (Cathranthus-

roseus), ergot of rye (Clavicemns purrpurea) and Senn

(Cassia acutifolia). The aromatic plants which can be

cultivated are lemon grass (Cvmbcpogon citratus), Java

citronella (C. winterianus), Pachouli (Pegostemcn-pachouli),

Geranium (Pelargonium araveolens), Jasmin (Jasminum

grandiflorum), Lavender (Lavendula s».) and Peppermint

(Mentha niverita). Surveyv of different pharmaceutical,

perfumery and cosmetics industries in Xenva indicated that

most of the industriess are actually nothing but packaging




houses and the medicinal products as well as perfumes are
imported as finished products. As such there is only

limited scope for indigenous use of medicinal plants or
essential oils in Kenya and any industry based on these plants

- would " have to be only for export purposes. ) '

Arstudyzgesearch and develorment facilities as well as
ongcing reseafch préjects revealed that research on
medicinal and aromatic plants is only in preliminary stages.
Facilities for appnlied research oriented towards ccocmmercial
utilization of these plants dao not exist any where in the
country. Most of the research werk carried out in the
departrnents of Pharmacy, Chemistry, Bicchemistry and
Vaterinary science at Nairobi University consist of

nreliminary routine survey and analysis.

+ has been recormmended that immediate action shouid be

takxan for setting up industries for production of cinciona \
alxaloids from cinchona bark, heccgenine from sisal waste,
Papaiin from Papava and crude extracts of stramcnium and

Aloes from D. stramonium and A. secondiflcora,.

It has also been suggested that a research and develcpment
organisation should be created in collaboration with Kenya
Industrial Research and Development Institute (XIRDI) and
National Agricultural Laboratories for introduction and
cultivation of new medicinal and aromatic plants, Detail=4
otes on cultivation and utilization of important medicinal
plants were prepared and have been attached with the rervort

for use by future research personnel.

Recommendation has also been m.de to establish twc research
groups for carrying cut mecaningful and well planned
research on medicinal and aromatic plants. It has kcen
suggestad that while screening and survey, including
pharmecolegical screening of medicinal plants should be
carried out by a multidisciplinary cell to be created at

Nairobi Universicy, an applied research group for devaleoping

proceraing technology siculd be creiated at Kinl T, The two
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groups ars supposed to work in close collaboration.
It has also been suagested that UNIDO should provide
equipment, training facilities and internaticnal experts

for establishing the two research groups.

/
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EVISED JOB DESCLIPTION CF
DR. AKHTAR HUS:!IXN
. EXPERT. ON MEDICINAL PLANIS

4s a result of discussion with Mr. Obura, Unier-Secretary,
Incdustry, Mr. Mwencha, Dr. Xiruthu and Prof. Bohra it was
decided to 2l1lso include aromatic plants (Essential Cil
bearing) 25 these were relatad to mediciaal piants. It was
also decided to revige the job description so 2as to

identify definite industrial projects.
The revised job description would be as follows:-

1) To survey the existing raw wmaterial cf known

medicinal a2nd aromatic plaats which sre available in

the country and others from wild or cultivated s»aHvrces.,

rn

To study the approximate requirecment of drugs from

[\
~

n

mecicinal plants and essentisl oile in iundigencus
pharmaccuticel, cosmetic, perfumery cr flavour

industry.

3 To study the variocus agroclimatc zones in the country
so as to find out theose with considerable potential
market and which'can be successfully introduced in the
country.

4) To suggest concrete proposals for setting up industries
based on either indigeuncus or intiroduced medicinal
plants including training of personnel for cultivation
processing of such plants.

5) To make a survey cf existing inrlrastructure of Rescarch

and development, <rdsting status of research projects

in different research institutions ¢f the country snd

suggest futurs programme of rescarzh fcor utilizeri

Q

of indigenous medicinal and aromatic nlants wiizh




have not been investigated in detail. Special
emphasis would be laid or indigenous flora
containing essential oils and those plants whicia
are used extensively in traditional sysiem of

medicine so as to suggest industrial uses for these

plants in future,.
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WCRK PROGR{ME OF DR. USAIN, EXPERT
ON MIEDICINAL PLANTE

:;i
jast

v

Arrival in Nairobi 1.4.81

Discussion with Mr. Mwencha, Chief, Industrial
Promotion Pepartment and Under-Secretary Industry,
Mr. Cbura 2.4.81 to 4.4.81.

Visit to wvarious scientific institutions and

organisations 5.4.81 to 14.5.81.

Survey of existing pharmaceutical, perfumery and
cosmetic industries in Xenya 15.5.81 to 31.5.81.

Field sSurvey cf different Agricultural areas of

Kenva 1.6.81 to 14.6.81,

Prefeasibility study and preraration cf detailed nctes
on medicinal and aromatic plants 15.6.81 to 30.6.81.
Writing of terminal renort 1.7.81 to 28.1.81

Denarture from Nairobi 29.7.81

Ihkhkhkkrhtkhkhkxthhhkx
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LIST OF PEQOPLE AMND ORGANISATIONS CONTACTED

Frof. C.K, Maitai and Prof. Talalaj, Depvartment

of Pharmacy, Nairobi University.

Prof. Megera, Faculty of Veterinary Sciences, Naircbi

University.

Dr. R.M. Munavu and Dr. A.N. Mengech of Chemistry

Department, Naircbi University.

Mr. S.A. Nganga and Mr. P.G. Otieno of Naticnal

Agricultural Laboratory, Nairobi.

Dr. Frederick Owino, Forestry Derartment, Nairobi

University. '

Mr. S.K. Njuguna, Directcr, Fational Horticultaral

Research Station, Thika.
Mr. J.W. Carpenito, Plant Quarantire Station, Muguga.

Dr. N. Mugo, Department of Biochemistry, Nairobi
University.

Mrs. Christine Kabuve, East African Herbarium.

Dr. Miss B. Hagos, Chief Quality Control Division,
Dawa Pharmaceuticals.

Dr. A.D. Tumboh - Oeri Department of Biochemistry,
Nairobi University.

Dr. J. Mugo, Dept. of Biochemistry, Nairobi University.

Dr. J. Miguda~Alila, Science Secretary, National
Council of Science and Technology.

Dr. R.O, Arunga, Director, Kenva Industrial Research

and Develonment Institute.




15.

16.

22.

23.

24,

25.

26.

27,
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Dr. P.N.K. Nair, Senior Research Scientist,
International Council of Research on Agro-

forestry, Mairobi.
Dr. P. Huxley, Econcmic Botanists,
International Council of Research on Agro-

forestry.

Dr. Gacii, Secretary, National Council of Science and

Technologyv.

Mr. G.D. Oyango, Deputy Chief Conservator of
Forests (Utilization), Nairobi.

Mr. Francis Nganga, Forest Utilization Cfficer,
Department of Fcrests, Naircbi.

Mr. Titus Njagi, Forest Utilization Officer,
Forest Department, Karura.

Dr. J.L. Odera, Conservatcr, Research Dept. of
Forests, Muguga.

Dr. B.H. Waite, Kenya Agri Research Institute.

Prof. Kokwaro - Department of Botany, Nairobi
University.

J.J. Ondieki, Chief Research Officer, Ministry
of Agriculture.

Mr. J. Adala, Senior Research Officer, Ministry
of Agriculture.

Pfizer Laboratories, Mairobi,

Nicholas Laboratories, Nairobi.




32.

33.

38.

39.

40.

41.

42,

43.

44,

45.

46,

47.
48'
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Glﬁxo Laboratcries, Nairobi.

Pharmaceutical Manufacturers, Nairobi.

Boots Ccmpany Kenya, Nairobi.

East African Industries, Nairobi.

Manhar Brothers, Nairobi.

Cheesborough Ponds, Kenya Nairobi.

International Flavours & Fragrance, Naircbi.
Colgate Palmolike Ltd., Nairobi. /
Reckitt & Colman Nairobi.

Vicks Products Ltd., Naircbi.

Korongo Farm, Naivasha.

Pyrethrum Board of Kenya, Nakuru

Pyrethrum and Horticultural Research Station, Molo
Gambogi Papaw Factory, Kisumu

Panafrican Paper Mills, “ebuye.

Nétional Agricultural Research Station, Kitale
Taita Sisal Estate, Taita Hills

Brocke Bond & Leibig, Kericho

Coast Agricultural Research Staticn

Vipingo Sisal Estate, Malindi.

Dry Farming Rescaich Station, Macl:ahos.
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USED IN MEDICINE

LIST OF IMPORTANT ACTIVE CONSTITUERTS OF PLANTS

S.N. Active Constituents

1. Steroidal Drugs
obtained fram
steroidal spogenine

2. Opium all:aloids
(Cdiene, morphine
papavarine)

3. Tropane alkaloids
(Hycscymina,
Atropine)

Scopolanine

4, Rosercine

5. Quinina
Qinidine

6. Digital glycosidss
(Digoxine lanatosides)

7. Cocanine

8. Cametine

9. Ergot Alkaloids
Erganetire
Ergotamine
Ergotoxines

10. Pilocarpine

11. Senna Glycoside
(Semnosice)

12, Psyllium mucilage

13, Cathrantius alkaloids
Vincristin, Vinblastin
Aimalicine

14, Colchicine

15. Glyeyrrhetic acid

Plant Source

Dioscorea  sp.

Papaver scmnifernum

Hyoscymus muticus
Duboisia sn.,
Datura sn.

Rouvdfia Sermantina,
R. vauitcroia
R, Canascen

Cinchona so.

Digitalis lanata

Ervthrcxvlon ccca

Cevhalis ipecacuanha

C. acuminata

Claviceps paurmarca

Pilocarpus jaborandi

Cassia anmustifolia

C. aautifelia

Plantago-cvata

Cathrantus roseus

Colchicurm so.
Gloriosa surer!

Gl ovrraiza gl-bra

Pharmacological
activity

antiinflamatory, anti-art
ritic hamonal

alalgasic antituzsive
smooth muscle relavant

rParasympatiiolyvtic

Hyrotensive Esychotropic

antimalarizal
antiacrythmic

cardiatoric

anzesthetic
antiamoebic
Oxitocic
Vascconstrictor
Vasodilater
Parasympathanimetic

Laxative

Laxative

anticancer
vasodilator

anti-inflamatory
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LIST OF IMPORTANT CRUDE EXTRACTS PLANT USED
IN MEDICINE

1. Belladona (Atropa belladona)
2. Ipecac (Caphalis ipecacuanha)
3. Opiuﬁ (Papaver scmniferum)
4, Henbane (Hyoscymus niger)

| [
5. Stia ¢ .ium (Datura stramonium) :
6. Cescara sagrada (Rhamus purshiana) |
7. Liquorice (Glveyrrhiza glabra)
8. Rhuharb (Rheumofficinale)

R. zmalmatum

9. Valerian (Valeriana Wahéhii)
10. Podophyllum (Podorhyvllum neltatum)

P. emodi

11. Capsicum oleoresin (Capsicum annum)

12, Digitalis (Digitalis purpurea)




l.
2.
3.

17.
18.
19.
20.
21.
22,

x
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Annexu

LIST OF IMPORTANT ESSENTIAL OILS USED IN MEDICINE,
PERFUMERY AND FLAVQOUR INDUSTRY

0il of Turpentine
Peppermint oil
Japanese mint oil
(source of Menthol)
Spearmint oil

Lemon grass oil

Citronella oil Java
Palmrcsa Oil
Sandalwood cil
Geranium oil
Pachouli oil -

L .vender cil
Clarysageoil
Vetiver oil

Rose oil

Jasmine concrete
Eucalyptus oil
Coriander oil

Dill secd oil
Celery seed oil
Aniseed oil

Clove oil

Cinnamon leaf and bark oil

(Pinus sn.) !

(Mentha piperita)

(Mentha arvensis)

(Mentha spicata)

(Cymboragen citratus)
(C. flexucsus)

(Cymlopogon winterianus)

(Cymizonogon martinii)

(Santalum album)

(Pelargonium graveolens)

(Pogostemon nsichouli)

(Lavendula s-. ,

(salvia scalaria)

(Vetiveria zizincides)

(Rosa damascena)

(Jasminum grandiflorum)

(Eucalyrtus sp.)

{(Coriandrum sativum)

(Anethum graveclens)

(Apium graveolens)

(Pimpinella anisum)

(Eugenia caryophyllus)

(Cinnamomum zeylanicum)

Ahkkhkhkhkrhkhkrekkkhkxrthkhokkhkkhk
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Anncxure VIT

ESTIMATED REQUIREMENT OF CRUDE EXTRACT OF MEDICIMAL
PLANTS AND TiIJETR ACTIVE CONSTITUENTS IN KENYA®

I. Name of the Commodit Apnrox. quantity in kg.

1. Caffeine 10,000

2. Atropine sulphate 0.1

3. Hyoscymine sulphate 0.1

4. Scopolamine Hydrobromide 0.1

5. Capsicum olecresin 2,000

6. Ext. glycyrrhiza 5000

7. Glycyrrhiza powders 2500

8. Ipecac extract ' 200

9. Hyoscymus extract , : 100 ’
10. Tincture Belladona 500 |
11. Scilla extract 100 |
12, Strcemonium extract 50

13, Valerian extract 50

14, Extract ergot 50

15. Gum Arabic 12000

le. Papain 500

*Estimates are based on survey of important Pharmaceutical

Industries in Kenya.
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Lnnexure VIII

ESTIMATED ANNUAL REQUIREMINT OF ESSENTIAL OILS
AND THETIR DERIVATIVES IN KENVA*

Name of Commnoditv Raquirement in tons
1. 0il of Turpentine | 76.2
2. Peppernint oil 1.0
3. Eucalyntus oil 1.0
4, Aniseed oil 0.5
5. Menthol 2.0
6. Thymol 0.5
7. Camphor 3.0
8. Citronellal 1.5
9. Geraniol 0.5
10. Linalol 0.5
11. Linalyl acetate 0.5
12. Methylionone 1.5

*Estimates are based on survey of important perfumery

and cosmetic Industries in Kenya.




€0

nnexure JIX

h

FEASIBILITY OF PRODUCTION OF SCME IMPORTANT MEDICINAL
AND APOMATIC PLANTS AND THEIR DERIVATIVES IN KENYA
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PRCDUCTICH CF CINCHONA ALRALOIDS
IN KENYA ’

Botanv and Geographical Distribution:

Cinchona alkaloids are some of the most important
plant products used in medicine throughout the worls. The !
alkaloids are obtained from the bark of the Cinchcna tree
(Cinchona sp.). There are more than 65 species of
Cinchona of which the follcwing species are the most

commonly cultivated for alkaloids:

1. Cinchona calisava . (yellow bark)
2. C. ledgeriana (ledger bark)
3. C. nfficinalis (pale bark)
4. C. succirubra- (Red bark)

Hybrids between C. succirubra and c¢. ledqgeriana are also

cultivated. The main cinchona producing countries are,
Indonesia and Zaire. Other countries where cinchona is
cultivated are Tanzania, Rwanda, Kenya, Sri Larka, Irdia,
Bolivia, Colombia, Costa Rica, Equador and Guatemala.

Constituents and uses:

Cinchena - contains more than 20 alkaloids of
which quinine and gquinidine are the most important. Other
important alkaloids are cinchonine and cinchonidine. The
total alkaloid content varies from 3 to 16% with an
average of 6 to 7%. Quinine in form of sulphate or hydro-
chloride is used as an anti-malarial. Although a number
of synthetic substitutes-are available it is still a drug
of choice for treating acute cases of malaria. Quinidine
is used as a cardiac depressent (anti-arrhythmic agent).

Quinine hydrochloride is extensively used as a
flavouring agent in soft drink industry in U.S.A. and U.K.
A small portion of the bark of cinchona is also used in
extracts and tintures as tonic and febrifuge.




World Prcduction and Trade

The total annuval producticn of cinchone bark is
approximately 4,000 td-l0,000 tons. The main importers
of cinchona bark are West Germary (471 ton) U.K. (795 tons),
France 690 tons), Belgium, Netherlands and Italy are other
major importers. These figures are based on Unctad/Gatt
data in 1971. At present the situation has changed i
considerably. The two major bark exporting countries,
namely Indonesia and Zaire have started production of
alkaloid inside the countries. The present total
producticn of cinchona alkaloids is 500 to 600 tons.
According to 1972 figure the production in different
countries was as follows:

Netherland 310 tons
West Germany 90 tons .
U.K. 70 tons
France ' 30 tons
India 30 tons
Ttaly 20 tons 1

Now the situation is quite different today both Indonesia
and Zaire have forced the parent manufacturing companies
in Netherlands and West Germany to start manufacture of

cinchona alkaloids in their respective-countries.

The major consumers of the alkaloids are U.K.,
U.S.A., West Germany, France, italy and Japan. A
considerable portion of the alkaloids are used inside the
producing countries like India and Indonesia.

The growth of ma:rket of alkaloids has ranged
between 2-5% with very little increase in production of
bark in the producing countries. Because of recurrence

of Malaria in Asia and Africa and development of resistance
in the strains of malarial parasite, the use of cinchona
alkaloids is going to grow. However, the growing
importance of cinchona 2lkaloids in the developed

countries is because of use of quinidine as a heart drug
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and use of guinine as a flavour in tcnics arnd soft drinks
which is bound to grow. As such there is considerable

scope for production of cinchona alkaloids.

Prospects for production of cinchcna alkaloids
in Renya: Kenya is one of the main cinchona bark
producing countries of Africa. Kenya has been erporting
500 to 600 tons of cinchona bark to U.K. and Belgium.
Unfortunately, this is the only country in the world
which is exporting the crude raw material of an important
medicinal plant. Immediate action should be taken to
stop the export of the crude material and the importing
company in U.X. should be asked to set up a processing
unit in Kenya. If the company fails to do so, technology
should be transferred from India through UNIDO. The
amount of raw material is sufficient to produce 25 tons
of alkaloid (at an average recovery of 5%) which would
give an annual turnover of more than 30 million Xenya P
Shillings annually resulting into increase in foreign
exchange earnings and provide job opmortunities to

Kenyan citizen.

At przsent the entire cinchona plantation is
confined to one estate owned by Messrs. Brooke Bond Leibig
The Government should start cinchona plantation on co-

operative farms.




PROCESS FOR PRODUCTION OF
CINCHONA ALKALOID

For the purpose, finely powdered bark is mixed
with about one third of its weight of sifted slacked

lime and 5% aqueous solution of caustic soda. The mixture -

is extracted under stirring, in steam-jacketed vessel
with high boiling kerosene. Three successive extraction
are made. The mixed extracts are shaken with sufficient
hot dilute sulphuric acid to convert the alkaloids into
sulpha*tes. The o0il is separated while hot and neutral
aqueous solution cooled when quinine sulphate separates
out and is subsequently purified by recrystallization
from aqueous solution after decolorizing with animal
charcoal. The other alkaloids are precipitated by
adding alkali to mother liquor and individual alkaloids
separated by selective solvent extraction.

CHEMICALS

For the extraction of quinine, 2000 kg. bark
per day at Mugpoo the chemicals used are:

Lime: 200 kg.
Caustic Soda: 150 kg.
Water: 3,000 gallons

Oil: 5,000 gallons




1)
2)
3)

5)
6)
7)
8)
9)
10)
11)
12)

14)

15)

T3

LIST OF EQUIPMENT

Disintegrator
Mixer

Extractor
Distillation Uni
Condenser
Acidification Reactor
Basket Centrifuge
Decolourizing Tank
Crystallizer
Alkali Tank
Separation Tank
Storage Tank

Pump

Valves

Stirrer
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PROSPECTS FOR PRODUCTION
OF PAPAIN TN IENYA

Introduction:

' Papain is a proteolytic enzyme obtained from
fruits of papaya (PAPAW) (Carica papaya L.). Papaya is
a common table fruit cultivated extensively in all
tropical areas. Some of the major countries producing
papaya are Sri Lanka, India; Thailand, Phillipines,
Malyasia, Zaire, Tanzania, Uganda, Kenya, West Indies
and Cuba. Out of these, papain is produced in Sri
Lanka, India, Phillipine and African countries of Zaire,
Tanzania, Uganda and Kenya.

Uses of Papain:

Papain is one of the most important proteolytic
enzymes used in medicine. It is used extensively in
digestive enzyme preparations employed in treatment of

[

Dyspepsia and gastric disorders.

The enzyme is alsc used for treatment of
Diptheria for dissolvinyg diptheric membranzs and treatuent
of infected wounds. It is used after surgery to reduce
the incidence of blood clots where thromtoplasma is un-
desirable. It is also employed in local treatment of
buccal, pharyngeal and laryngeal disorders.

Only small portion of papair produced in the
world is used for pharmacuetical purposes. Most of the
papain is used in food industry.

One of the main use of papain is its use as a
meat and fish tenderizer. As a meat tenderizer the
enzyme is used in two different ways.

A common method employed in U.S.A. is to inject
beef animals with papain before slaughtering. This is
called the Poten process and used to a large extent in
that country.
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In most of other countries of the werld it is used as a
constituent of meat tenderizing salts used before zooking.
Papain is also used in production of fish meal.

A considerable portion of the enzyme is used in
the brewery industry for removing haze from beer. It is '
also used in other beverages specially fruit drinks to
produce .clarified 4juices.

Papain is also used in making yeast and meat
extract.

In leather industrv papain is used as a camoonent
of baiting compound. In textile industry papain is used
in enzymic digestion of silk. It is also used in laundry
in dry cleaning and as a constituent of washing detergents.

World Producticon and Trade:

Exact data from all producing countries is not |
available. However,. according to Internaticnal Traee
Centre (UNTAD, Gatt.). In 1972 the total prcduction .was
approximately 400-500 tons per year. The major producing
countries are Zaire (136-195 tons) Uganda (175 tons).
Tanzania (14-15 tons) Kenya (3-4 tons), Sri lanka (24-25
tons) and India (40-50 tons). Except in the case of
Zaire and India where refined papain is produced, other
countries export crude parain which is nothing but dried
latex of papaya fruit. The crude papain is exported to
U.S.A. and European countries where it is refined. Kenya
also export dried papaya latex to a limited extent
(2 to 3 tons).

World Trade and Future Prospects:

The total world demand (based on estimate in
1974) is approximately 400-500 tons. The major importing
countries are U.S.A. (72 to 150 tons). Japan (39-85 tons)
U.K. (16-23 tons) Japan (6 tons). This date does not
include consumption in communist countries of Eastern
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Europe and China which have sizable demand. The demand
of the product is bound to grow with further imnrovement
in the standard of living in the 3rd world where meat
and fish industry is still in the developing phase. As
such there is considerable prospect of production of
refined papain in the countries of Asia and Africa.

Prospect for production of Pavain in Kenva:

Kenya-with its mild climate is an ideal place
for production of papaya as well as papain and Equatorial
Africa is the best place for production of this enzym=.
Coastal éreas, the Rift valley and warm humid areas of
Western Kenya have got optimum conditions for setting up
of at least half a dozen units (small scale sectors)
producing approximately 1O tons of papain. Each unit
would have a turnover of approximately 2 million Kenya
Shillings. Papaya shculd be grown on small farmer's
field and the prccessing unit should buy crude latex fram

the farmers.

As regards the technology of production of
papain, it is so simple that scientist of KIRDI which has
got a fairly equipped food technology laboratory can
develop it and pass on to small producers. 1In case the
scientists of KIRDI can not do it, the scientists of
KIRDI should be trained by UNIDO at Central Food Techno-
logical Institute in India. Alternatively, the Institute
can be asked to transfer technolojy through UNIDO.

The cnly other substitute of Papain is the
enzyme Bromelain which is used along with or in place of
Papain. Bromelain is obtained as a by-product of Pineapple
processing industry. KIRDI should advise the pineapple
processing units in Kenya to recover this enzyme from pine-

apple waste.
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PROSPECTS FOR PRODUCTION OF TURPENTINE
IN KENYA

Botany and Geographical Distribution:

0il of Turpentine is obtained from wood of
various species of Pinus (Family, Pinaceae). The most
common species of Pinus which are exploited for

production of Gum rosin and Turpentine are as follows:

[

Pinus Caribea Mor

P. echinata Mill

P. halpensis Mill

P. Khasya Royle

P. leionhylla Schlect & Cham.
P. merkussi Jun & de Vries

P. nigra Arn.

P. plustris Mill

P. patula Schlect & Clram
P. pinaster Ait.

.

W o W e W N
.

| ond
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P, pvinea L

2. P. pcnderosa Douq.

13. P. pseudostrobus & indl.
14. * P. radiata D. Don

15, P. roxburghi Sarg..

l6. P. Longifolia Roxb.
17. P. sylvestris L.
18. P, wallichiana A.B. Jack

Although o0il of turpentine is produced in all
the countries of the world wherever pine trees are grown,
the most important turpentine producing countries are
U.S.A., U.S.S.R., China, Australia, India, Japan, Finland,
Sweden, New Zealand, Greece, South Africa, Pakistan,
Mauritiaus and South Africa.

Production Methods:

Turpentine can be recovered from rine trees
by two different methods:
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(1) Direct Tapping: In countries where labour

is cheap, Gum Resin is obtained by injuring
the trees and collecting the gum which
exudes out frcm the tree trunk. The gum
resin thus obtained contains 80% rosin
20% turpentine oil which is separated by
simple steam distillation.

(2) By product of pulping industry: In a aunber

of developing countries where extensive

and manual tapping is costly, turpentine

is recovered as a by product of paper and
pulp industry in form of crude sulphate
turpentine when the wood is digested either
by.the sulphite process or the kraft
process. United States alone producesmore
than 150,000 tons'of turpentine by this
process.

A limited amount of wocd turpentine is also
obtained from distillation of pine stumps.

Constituents and Uses:

' Rosin is used in paint and varnish industry and in
signing of paper.

0il of Turpentine contains a large number of
terpenes which differ from species to species, However, the
major constituent of the oil areJC—Pinene, épinene, D=3~
Carene. and longifoline.-

A limited amount of turpentine oil is used
directly in paints, varnishes and medicine. After
processing pine oil can be produced which is used in
perfumery and cosmetic.

However the major use of turpentine is the
basic raw material for synthesin of a large number of
chemicals used in perfumery cosmetic, mediciie and flavour
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industry. The terpenes which are obtained from Turpentine are
czfmtyz pinenes. Both serve as the main raw materials for
synthesis of Menthol, Thymol, Camph:., Citral, Citro-
nellal, Hydroxy citronellal, Geraniol, Genanyl Acetates
Linalol, Linalyl Acetate. Menthol and Thymol and Camphor
are some of the most important chemicals used in medicine,
flavour and perfumery. Other terpenes are used in
perfumery and cosmetic industry. Gther terpenes of
perfumery value obtained from turpentine are, Carenes,
Longifoline, Turpeniol, Terpene Hydrate and a large
number of less important terpene compounds. Derivatives
of turpentine have also been used for synthesis of
synthetic pyrethroids which are used és insectisides as
a substitute for natural pyrethrines.

Prosnects for Production of Turpentinz2 in Kenva:

According to authorities of forest department,
Kenya has approximately 140,000 hectare of pine plant-
ation and this area is expected to grow in future. The
two main species grown in the country are Pinus radiata
P. patula. Initial studies on tapping of Paradiata were
carried out by Mr. Titus Njagi, a forest officer in 1974.

According to his observation results regarding vield of
gumresin were very encouraging. However, the project was
given up as Mr. Njagi was transferred to another project.
Incidentally during his training in Czechoslovak.a

Mr. Njagi has specialized on production of turpentine
from pinewood.

In order to explore the possibility of putting
up an industry based on turpentine oil there is a need to
take up a pilot scale study by Kenya Industrial Research
and Development Research Institute in cooperation with
research @ivision of forest department at Muguga. KIRDI
should produce at lease a few hundred kgms. of turpentine
oil, get it evaluated by pharmaceutical houses and paint
Industry and put up a project if the process is found to
be economical.

S ————
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The Pan African Paper Mill should be zsked to
take up a project for recovering turpentine as a by-product
which is apparantly being wasted Most of the turpentine
produced would be ultimately used in Kenya in paint,
varnish and pharmaceutical industry. At present Kenya is
importing 76.0 tons of Turpentine, 818 tons of rosin at
a cost of KShs.6.15 million which can be easily produced
inside the country. If the quantity produced is large, it
can be exported as there is ready market for Turpentine
product in Europe. Once it is established that
a sizable production of turpentine is possible, Kenya can
think of setting up of a turpentine based industry for
production of fine chemicals like menthol, camphor or
perfumery compounds. In that case the services of an
expert who is specialized in turpene technology can be
obtained. Alternatively,‘dire:t contact can be established
with any of the number of multinationals who would be
happy to set up joint venture in collaboration with Kenya
government. However, the technology of production of
turpentine o0il is so simple that KIRDI would ke able to
set up a plant in collaboration with Forest Department.

If the estimates of Mr. Jagii are correct one
hectare of pine plantation would easily give at least a
ton of gum resin and even if 20,000 hectare are tapped
annually 20,000 tons of gum resin would be obtained. This
would give 4,000 tons of turpentine o0il and 16,000 tons
of rosin. At a rate of a minimum of KShs.10,000 per ton
of turpentine and KShs.200/~ton of resin, it would mean
an annual turnover of KShs.40 million.‘ However thece are
purely theoretical fiqures. Actual cost of production
and feasibility of project can be only worked out when a
pilot plant study is carried out by KIRDI.
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IPECAC, A CKROP FOR HUMID AREAS
IN RIFT VALLEY IN KENYA

Botany and Geographical distribution:

There are two types of Ipecac in the world market:

(1) Cephalis Ipecacuanha (Rio or Brazillian Ipecac)
(2) C. Acuminata (Cartegena, Nicaraqua or Panama

Ipecac)

The main Ipecac procducing countries in the world
are Brazil, India, and Malaysia, which produce Brazillian
Ipecac and Costa Rica, Nicaragua, Colombia and Panama which
produce Panama Ipecac. The total world production is 80-90
tons and the pro@uction has been falling progressivelv.

Soil and Climate:
Ipecac requires wild humid climate. It re uires

soils which are rich, deep and with high organic matter. all
high altitude areas in Kenya like Kericho which have high
rainfall and where tea is cultivated are suitable for Ipecac.

Method of Cultivation:
Ipecac is propagated from seeds. Seeds are planted

on raised beds. A mixture of farm yard manure and humus is
mixed in the top 6" of the beds. The beds are provided with
shade with bamboo strips. After the seedlings are six menths
old these are transferred to production beds which are also
shaded with permanent bamboo or thatched roofs. Heavy doze

of farmyard manure a.d leaf compost is applied before seedlings
are planted in the beds at a distance of 9". The beds should
be irrigated frequently with a sprinkler. The crop is ready
to be harvested after 2 years of growth, when the roots are
dug, washed and dried.

Active Constituents anéd Uses:

Ipecac roots contain 2 to 2.5% total alkaloid. The
main alkaloid which is used commercially is emetine. Other
major alkaloids present in roots are cephaline and psvchotrine.
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Emetine is used for treatment of amoebic dysentry
while crude extract of roots is used as an expectorant and

emetic.

World Market and Future Prospects

The main importing countries of Ipecac root are
Federal Republic of Germany, France, United Kingdom, U.S.A.
and Japan. In addition Ipecac extract is used in all
countries of Asis, Africa and Europe. An present, the
demand is several times than supply and the production of
drugs is limited. Any country which can produce Ipecac
roots would find ready market in Europe. The demand of
emetine and Ipecac has increased recently as amoebae have
developed resistance to synthetic antiamoebic drmugs.

Programme for Production of Ipecac in Kenva [

The seeds should be obtained from India, Malaysia ‘
or Brazil. These should be tried in Kericho area. As it ’(
is a highly specializ=d crop only tea planters can take up
its cultivation.

Economics of Cultivation

1. Preparation of Nursery KShs.1,000
2. Preparation of seed bed with srade 500
3. Cost of fertiliser and manure 1,000
4. Irrigation 500
5. Interculture 500
6. Harvesting and drying 2,000
7. Rent on land . 200
8. Total operating cost for two years 10,200
9. Interest at 10% 1,000
Total cost per hectare for two years 11,200

Gross return per hectare at the rate of
KShs.100.00 per kg. of root and average
yield of 500 kg. roots per hectare = 500 x 100 = 500,000

Net profit per hectare per vear 500,000 ~ 11,000
2

= KShs.19,500 per ha per year.




LIQUORICE, A PCTENTIAL CROP FOR ARID
AREAS OF KENYA

Botany and Geographiczal Distribution:

Theres are four types of liquorice available in
the world market. These are as follows:

1. Glycyrrhiza glabra var typica (spanish Y

liquorice)
2. G. glabra var glandulifera (Russian liquorice)

3. G. glabra var heta-violacea (Persian liquorice)

4. G. uralensis (Chinese liqgucrice)

Most of the liquorice is found grdwing wild and
at present it is prouuced in Spain, France, Italy, Greece,
Iran, Syria, Iraq, Turkey, Lebanon, Afghanistan, U.S.S.R.
and China. Most of the requirement of the world comes fram
Iraq, Iran, Syria, China and U.S.S.R. |

Soil and Climate: i

Liquorice grows best in light sandy soils in areas ll
where rainfall is less than 300 rm. Heavy soils or areas i
where humidity is high are unsuitable for cultivation of
this plant. Dry areas in North eastern Kenya are suitable
for cultivation of this crop.

Method of Cultivation:
Liquorice is propagated by rhizome cuttings. 1In

Kenya cuttings approximately 9 to 12" long should be plantad
in rows approximately 70 cm apazt. The plant to plant
distance should be kept as 60-70 cm. The cutting should be
planted during the long-rains either in March or April. The
crop does not require any special care such as weeding or
fertilizer application. The crop is ready for harvest after
two to three years when the roots and rhzomes are dug,
washed, dried and packed. OCne hectare of crop gives approxi-
mately 1000 to 1500 kg. of dried roots.

Active Constituents and Uses:

Liguorice roots contain 5 to 20% of a triterpenoid
saponin called glycyrrhizin which is 60 times more sweet than
cane sugar,
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In oddition to wide use in medicine liguorice
is used munch more as a flavouring agent in foods, Leverages

and confectionery.

In medicine decorthicated roots are used as
medicinal tea. Liquorice extract~is used in cough,mbunues
and tablets as an expectorant and anti-flammatory agent.'
It is also used as a demulcent in tinctures and syrups to
mask the bitter flavour of certain ingredients.

As a flavouring agent liquorice is used in various
types of tobacco, chewing gums, candies, beverages and
confectionery.

Liquorice extract is used in fire extinguishers.
5. Consumers:

The main consumers of liquorice are U.S.A., Japan,
France, Federal Republic of Gerinany and U.K.

Approximate import of roots in these countries is
as follows:

1. U.S.A. 2,900 lons
2. Japan 900 tons
3. PFrance 300-500 tons
4. West Germany 300-500 tons
5. U.K. 1000-1500to:.s

In addition to the above countries, smaller
quantities are imported by all countries in the world where
this drug is not produced, and the market is expected to
grow with industrialization of the third world.

Programme for Production of Liguorice in Kenva:

The drug can be introduced from India, Egypt or
Iraq and should be tried at dry farming stations of Machakos
and Baringo. Once it is found economical it can be
recommended for cultivation in North Eastern Kenya and
other dry areas of Kenya.

When large quantities are available an industry
for production of concentrated liquorice extract and powder
can be established.
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Economics of Cultivation

KShs.
Field Preparation 200
Planting 200
Inter-culture 400
Harvesting and drying 400
Rent on land 100

Total operating cost per hectare for 2 years 1,300
Interest at the sale of 10% 100
Total cost for twoc years 1,100

Gross return in two years at the
rate of KShs.1l0 per kg. fcr 100C kg. 10,000

Net Return per hectare pe @ year 10,000 - 1,100
2

= 4,500 per year per
hectare.
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PERIWINKLE A POTENTIAL CROP FOR
SEMI-ARID AREAS OF KENYA

Botany and Geographical Distribution:

Periwinkle Cathranthus roseus (Family Apocynaceae)

a common garden plants is native to Weest Indies and Mada-
gascar, but has become naturalized in all tropical and sub-
tropical areas of Asia and Africa. Some of the countries
where the plant is widely distributed and exploited axe
Madagascar, Mozambique, Israel, India, Sri Lanka and West
Indies. It is also cultivated to a limited extent in Israel
and India.

The plant has been used in £raditional medicine
in Jamaica and South Africa mainly as an anti-diabetic
drug in form of tea. Intensive research on this plant
during the last 15 years have shown that although it does
rot have any significant hvooalycaemic property, but the
leaves have useful alkaloids which have anticancer properties.
The roots or +he »lant also contain useful alkaloids which
are used as vasodilators in modern medicine. It is because
of these properties, that the plant has been adopted in
modern medicine as a valuable raw material for these

therepeutically important alkaloids.

Soil and Climate:

Periwinkle grows well in tropical and sub-tropical
areas or areas having a mediterranean type mild climate.
Light and medium soils which are neither acidic nor alkaline
are suitable for the crop. Heavv clay soils and water-
logged areas are not suitable. The Crom caneasily grow on
very pcor soils and even in thoée areas where there is
limited rainfall as it is fairly drought resistant. It can
be cultivated even on steep slopes, rocky areas and on
soils generally not suitable for high value food crops. In
Kenya, Coastal Areas, Southern lowlands and even semi-arid
areas in North Eastern Kenya (with a rainfall of 300 mm or
more ) are suitable for this crop.
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Method of Cultivation:

Periwinkle is one of those crops which needs
very little care. The seeds should be planted in nursery
during the summer months of December and January about

500 gms. of seeds are sufficient to raise enough seedlings

for one hectare of crop. 6 to 8 weeks old seedlings
should be planted in the field during the month of March
and April when the long rains are well set. The seedlings
should be planted at a distance of 30 cms. in rows which
should be 45 cm. apart. One or twc weedinygs would be
required to keep the crop free from weeds. ANormally no
fertilizer is required. However, in soils with very poor
fertlity level, 40 kg. of nitrogen per hectare may be
applied in two sﬁlit doses during the early stages of
growth, 6 and 12 weeks after planting in the field. The
crops also does not require any plant protection measures.

Harvesting:

Two clipping of leaves can be obtained during
the year on after 6 months and another aftes 8 months
after planting. The crop including the roots and leaves
can be harvested one year after planting. It is better
to run a tractor with a cultivator and pick the plants
along with the roots. The roots along with 3" of lower
portion of stem should be Eut, washed and dried in sun.
The leaves should be dried in shade. Both the leaves
and the roots can be packed in gunny bags for marketing.
An average yield of 1000 ko. of roots and about 50U kgms.
of leaves can be obtained from one hectare of the crop
after one year of growth.

Active constituents and uses:

- The various parts of plants which consist of
roots, stem and leaves contain more thar 100 alkaloids
of which three are important in medicine.
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The leaves of C. rosens contain two imnortant
anticancer alkaloids namely Vinblastin and Vincristin.
However the actual quantity of the alkaloids in the
leaves is very small (.002%). Vinblastin is used for
treatment of leukemia Hodgkin's disease and other lymp-
homas, carcinomas, seminoma, and embroyonal tumors of
the testes.

Vincristin is used in the treatment of acute
Leukemia, Hodgkins disease, lymphosarcomas, carcinomas,
astrocytomas, neuroblastoma, rhabdomyosarcoma and Wilm's
toumor.

The roots are used mainly for isolation of one
of the indole alkaloids, Ajmalicine (Rauhasine) which is
used extensively in Europe as a vasodilater in var‘ous
heart diseases. In fact the main value of the crop
today is for roots which has more demand in Europe as
compared to leaves,

World Trade and FPuture Prosnects:

The world demand of C. roseus leaves is limited.
- Approximately 1,000 tons of leaves are imported in U.S.A., West'
Germany is the main importer of roots and approximately
800 to 1000 tons of roots are importzd. - Recently,
Hungary has become a major importer of leaves, requiring
about 500 to 600 tons of leaves annually. The suppliers
of leaves and roots are Madagascar, India, Sri Lanka,
Israel, Mozambique and West Indies.

Although demand of roots and leaves is limited
as only a few companies in the world specialize in the
manufacture of leaf and root alkaloid,consistant market
can be assured if permanent arrangement for supply can
be made with international houses. In Kenya experiments
should be carried out to work out economics of culti-
vation specially in semi-arid areas as Periwinkle is not
a very paying crop on good agricultural land. However,
it can be very profitable on poor socils with less rain-
fall where it would give better returns as compared to
grazing or raising of millets or other dry land crops.
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Economics of Cultivation

1. Field Preparation KShs., 200.00

2. Raising of nursery and KShs. 200,00
planting

3. Interculture KShs. 200.00

4. Fertilizer application KShs. 100.00

5. Harvesting, drying and KShs. 300.00
~ Packing

6. Rent on land _ KShs. 100,00

Total operational cost RShs.1,100.00

Interest at the rate of 10% KShs. 110,00

Total cost of cultivation .1.210

per hectare
say KShs,1,200.00

Returns - Cost of 10,000 kg. KShs.4,000.00
of roots at the rate of
KShs.4/- per kg.

Cost of 500 kg. of leaves KShs.1,000.00
at the rate of Kshs.2/-ver

kg.

Total Return KShs.5,000.00

Net Profit per hectare per year 5,000 - 1,200
= KShs.3,3800.00 .X.

.X. These returns are based on minimum price of
roots, Generally roots fetch a price of
KShs, 6 to 8 per kagm.
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Important firms dealing with

Cathranthus Roseus

1. Elilly & Co.,
740, South Alabama Street,
Indianapolis, Indiana 46206,
U.S.A. (Leaves)

2. Andard Mount Co. Ltd.,
Burlington Works,
Tudor Estate, Abbey Road, .
London, N.W.10, U.K.
{Roots & Leaves)

3. John Ronaldson & Co.,
554, Grand Building,
Trafalgar Square,

London WC-2, U.K. (Roots & Leaves)

4. C.H. Boehringer Sohn,
6507, Ingelheim,
West Germany, (Roots & Leaves)










||||| 1.0 =2
=l

A fi2e
= |

HL2s e e




a2

=

LEMON GRASS, A POTENTIAL
INDUSTRIAL CRCPS FOR KENYA

Botany and Geoaraphical distribution:

There are two types of lemon grass oils in the
international market. East Indian Lemon grass oil is
obtained from leaves of Cymhopogon flexuosus stapf. This

species is indigenous to South India and is cultivated in
Kerala and other humid tropical parts of India. The oil
from East Indian grass is preferred in the international
market because of its high citral content (80 to 90%).
West Indian lemon grass oil is obtained from Cvmbopogon

citratus stapf. is indigenous to West Indies and is

cultivated in Guatemala, Haiti, Argentina, Brazil,
Tanzania, Congo, Madagascar, Comorin Islands and Thailand.

Climate and Soil:

Light and medium soils which are well drained are
suitable for lemon grass cultivation. Heavy clay soils
and water logged lowlands are not suitable for this crop.
Lemon grass thrives well in warm, humid climate. However,
the plant is highly adaptable and grows well under mild
sub tropical climate in all areas where *here is no frost.

~ In Kenya,coastal areas and South Nyanza are suitable
for cultivation. It can be cultivated even on poor soils
and very steep slopes where it serves as a soil conservation
crop.

Method of Cultivation:

Lemon grass is mﬁltiplied both by seed as well as
by vegetative propogation. Vegetative propagation is
better for multiplying good.clones and maintaining the
purity of a particular strain.

In. case of seed multiplication the seed should be
first planted in a nursery ia December cr January. The
seedlings should be planted in the field when the rains
are well set in April and May.
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In the case of vegetative propagation the clumps
should be pulled up and then divided into single stems
called slips. Slips &r seedlings should be planted at a
distance of 60 cm in rows which should be 60 cm apart.
During rainy season no irrigation is required. Iowever,
if the crop is planted on a sunny day it is better to
irrigate soon after planting. However, if the planting
is done during long rains, irrigation would not De
required.

The crop should be kept free from weeds in the
initial stages by reqular weeding and hoeing. Nitrcgen.
at the rate of 60 kg. per hectare should be applied in
three split doses during the first year and repeated in
the second year.

The first harvest is ready approximately 6-8
months after planting and further harvests can be
obtained after every 3 months. If the crop is planted
in semi~arid areas irrigation would increase the yield
during the rain free periocd. 1In case no irrigation is
rrovided the crop, being drought tolerant would still
survive and give a crop as soon as the rains start again.
The plant is highly resistant to diseases and insect
pests and generally ao plant protection measures are
necessary. Two to three weedings would keep the crop
free from wevds as it is a week smothering crop.

Harvesting and Distillation:

The first harveét would be obtained after 3 nonths
in case of plant being propagated from slips. 1In case of

seed multiplication the first harvests can be obtained
only after 6-8 months. The crop planted ones would give
harvests for 7 - 10 years. When the crop is ready for
harvest the leaves are cut 9" from the ground and
distilled fresh in any direct first or steam operated
still.
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The distillation still consists of a tub, a
condenser and ar oil separator. In case of directly
fired still or a field still which is ueeded by small
farmers, a false bottom is provided near the bottom of
the still and the lower part of still containing
water serves as a boiler. It is better to provide iron
cages with circular perforated bottom and iron chain
for loading and removing the spent grass from the still.
This cage can be easily operated by a manually operated
chain pulley block.

For distillation the grass is packed in the
still. Two or more cages may be required depending upon
the size of the still. After the still is loaded the 1id
is closed, steam is allowed to pass through the grass
either by direct firing or from a boiler. The steam while
passing through the herb carries the o0il vapour which gets
condensed while passing through the condenser and finally
gets separated and floats on the top in the separator.

The oil can be either tapped off or scooped off from the
separator. The crude oil and water mixture can be further
purified by removing the excess water in a separating
funnel. | ’

During the first year a yield of 30 kg.. of oil
can be cbtained in one '.actare of the crop which would
increase to 50-60 kg. in succeeding years. In case of
small plantation of 5 - 10 acre it is better to use a
field still which can be easily designed and fabricated
locally from 5 mm mild steel sheets. Wood or even the
spent grass after the distillation of oil can be used as
a fuel. The spent grass can also be used as a very good
compost or mulch for other crops. It cau be also used
for making hand-made paper or board.

Active Constituents:

The leaves of lemun grass contain 0.3% to 0.6% of
a volatile oil, The West Indian lemon grass (C. citratus)
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contains more oil 0.5 to 0.6% as compared toc East Indian
grass (C. flexuosus) (.25 to .4%). Initial experiment
in Kenya have shown that the o0il content is higher and
ranges from 0.5 to 0.6%. The main constituent of oil is
citral.

A limited amount of o0il is used directly in cheap
soaps and household detergents. Jowever the major production
is used for isolation of citral. A part of citral is
used in perfumery cosmetic and flavouring industry.
Citral is also converted into Ionocnes which are starting
material for a number of synthetic perfumery compounds.
At present a large portion of lemon grass oil is converted
into Pionores which is used for synthesis of Vitamin A.

World Trade in Lemon Grass .1il:

The major prodwers of lemon grass are India and
Gautemala which produce approximately 80% of total world
demand, Other countries produce only smaller quantities.
The production in different countries -is as follows:

1. India 700 - 800 tons
2. Guatemala 600 - 700 tons
3. Argentina 50 - 60 tons
4., Brazil 50 - 60 tons
5. China (Mainland) 50 - 60 tons
6. Indonesia 19 - 20 tens
7. Thailand 10 - 20 tons
8. Malagasy Republic 10 = 20 tons
9. Comorin Islands 10 = 20 tons
10. Haiti 10 - 20 tons
11. Congo 10 - 20 tons
12, Tanzania : 10 - 20 tons

13. Uganda 10 = 20 tons

The major importing countries of lemon grass oil are
U.S.A, (600 - 650 tons) U.K. (250 - 300 tons) France
(150 - 200 tons), U.S.S.R. (200 tons) and Japan (150 -
200 tons). A lot of lemon grass oil is consumed
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inside the producing countries itself mainly for direct
use in cheap grade perfumes or flavours and synthesis of
ionones. India now exports more than half of its
produc? as ionones.

Prices and Future Market Prospects:

The current world price of lemon grass is approxi-
mately KShs.75/- per kg. (World Cosmetic news: July 1980).
The prices have been increasing fcr the last 10 years and
at one time these ranged from XShs.1l5 - 20/- per kg. when
synthetic ectrail which is derived either from Turpentine
or petroleum products was available at a cheaper price
than natural ectral. Because of unprecedented increase in
the price of pctroieum and Turpentine o0il the entire
pharmaceutical industry has switched on to production of [
Vit.A from lemon grass oil. ”’Thé world pharmaceutical
industry is using synthetic citral today orly because l‘
enough lemon grass oil is not available specially because
of decrease in production of lemon grass oil in India. At
one time India was producing about 15C0 tons of o0il in
1954 and now this production has gone down to 700 to
800 tons, Moreover India has now its own perfumery industry
and a considerable portion of its oil is consumed inside
the country. As soon as India's Vit.A plant is conmissioned
there would be very little of Indian lemon grass oil
available - for - world market. The only other substitute
of lemon grass oilis lLitzea cubeba o0il from China which is
being used as a source of citral in Europe. However the
supply of this oil is limited. With further improvement
of standard of living in the third world the demand - of
lemon grass o0il both for perfumery and Vit.A is going to

increase. Any new country which can produce lemon grass
oil would find a ready market in Europe, Japan and U,S.A.
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Kenya itself has a prefumery industry mostly under
the control of multi-national all of which import their
requirement of lemongrass oil and its products from abroad.
Production of the oil in this country would result into
saving of valuakle foreign exchange.
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International 3uyers of Lemon Grass 0il

1. Bush Boak and Allen Ltd.,
Blackshire Lane,
LONDON E.17 U.K.

2. Gale and Mount Ltd.,
Commerce Road,
Brentford,

Middlesex U.K.

3. R.C. Treat and Co. Ltd.,
19, Wattling Street,
London U.K.

4. Blyth Green Jourdain,
Plantion House,
Fenchurch Street,
London EC3. U.K.

5. Volkart Brothers,
29, Mincing Lane,
London EC3 U.K.

6. W.H. Hobb & Co,
166, Tower Bridge Road,
London S.E.1 U.K.




USE OF LEMON GRASS OIL *

Total 0Oil Imlport {100%)

1 011

30% Ionones

oil
10% rJ export
] 01l
70% 30% L
used in cheap soaps & detergents Q
Citral Industrial cleaners etc. |
20% 20%
Household soaps Flavour industry (sof"
W detergents drinks & confectionery
perfumes

Perfumery cosmetics

N

Vit. A

* Based on use of imported lemon grass oil in U.K.,
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ECCNOM..S OF CULTIVATION

1st Year

1., Field Preparation K.Shs. 300.00

2, Planting K.Shs. 300.00

3. Inter-culture K.Shs. 200.GCO

4. Fertilizer application K.Shs. 200,00

5: Harvesting K.Shs. 400.00

6. Cost of distillation at the
rate of KShs.20/- per kqg. K.Shs.1,000.00
(50 x 20)

7. Rent on land K.Shs. 100.00
Total operational cost lst year K.Shs.2,400.00
Interest at the rate of 1l0% K.Shs. 240.00
Total cost first year K.Shs.2,640.00

or say 2,600.00
Cost ot cultivation in
succeeding 4 years (less by K.Shs.2,000.00
20% than lst year)
Average cost per vear per 2000 x 4 + 2,600.00
hectare

5
approx. 2,100.00

Gross return at the raté of
KShs.75 per kg. cf oil 4,750.00
(Average yield 50 k.q.)

Net Profit per year per ha. 4750 - 2,100.00

= Kshs. 2,650 *

*This 1s an average return. Returr. as high as KShs.4,000.00
can be obtained under ideal conditions of crop management.




CITRONELL XA PROFITAESLE
ESSENTIAL OIL CROP FOR KENYA

Botan, and Geographical Distribution:

There are two tyres of citro-ella oils in the
international market. Celone type citronella oil is

obtained from Cymbopogon nardus. The plant is indigenous
to Celone and cultivated there *o a limited extent. This
0il is considered as an inferior oil because of its poor
alcohol content (55 -65%) and has only a limited market.

Java type citronella oil is obtained from
Cymbopogon winterianus. Most of the citronella oil of
commerce comes from this species and it is cultivated in
Indonesia, Formosa China, Guatemala, Brazil, Argentina

and India. Java type o0il is preferred in international
market because of its higher alcohol and 85 to 95%) and
aldehyde content (35 - 50%).

Soil and Climate:

Citronella grows best in deep fertile soils
which are light to medium and free from water logying.
It prefers a pH range of 5 to 7.5. High alkaline or acid
soils are not suitable for this crop. Warm humid climate
with plenty of well distributed rainfall is ideal for
optimum growth of citronella. However, citronella can be
cultivated profitably in all~-tropi~al and sub-tropical
areas where irrigation can be provided. Mild warm
temperatures without frost is suitable for o0il svnthesis.

In Kenya, coastal areas, southern lowlands and
lower elevations of rift valley and 3South Nvanza are
suitable for cultivation of this crop. It can also be
cultivated in lower elevation of semi arid areas where
irrigation can be provided during rain free period.

Method of Cultivation:

Citronella is propogated vegetatively through
Plantlets or stem cuttings called slips. The entire
clump of at least one year old plant is pulled up and
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stem pieces along with the roots are divided into single
stems called slips., Fifty to 150 slips can be obtained
from one single clumps depending upon age of plant and
stage of growth.

Although citronella can be plaated any time in - '
Kenys, best results can be obtained if the crop can be
planted during the long rains preferably between March
to May. Field should be ploughed and harrowed so as to
get a fine tilth. All the weeds and stubbles should be
removed so as to avoid weed competition after the crop
is planted. The slips should be planted at a distance of
60 cm in rows which should Le 60 cm. apart. In areas
where there is danger of water iogging it is better to
plant citronella on ridges made at a distance of 60 cm. .

In case of soils which are deficient in Phosphorus
and Potassium, P205 and K20 at the rate of 30 kg. per hectare
should be applied as a basal dressing before planting.
Nitrogen at the rate of 20 kg. per hectare should be
applied as top dressing about six weeks after planting.

This dose should be repeated after a period of 3 to 4 months.
100 kgns. of nitrogen at an interval of 3 months should
be applied in suceeeding years. It is always better to
apply nitrogen after the crcp starts sprouting after
every harvest.

Hoeing and weeding has to be done periodicaily
to keep the crop free frgm weeds speciallv in the

initial stages after which the crop smothers the weeds.

Harvesting and Distillation:

The crop would be ready for harvesting 4 - 6
months after planting in areas with well distributed
rainfall or where irrigation facilities are availabple.
In semi~-arid areas where citronella is grown as a
rain~fed crop the first harvest would be obtained only
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after 6-8 months. In all areas mcre scil moisture is
plentiful, one harvest would be obtained every third
month after the first harvest. As such in coastal or
other humid areas of Kenya 4 crops could be obtained
every year under proper Crop management vractices,

At the time of harvesting leaves are cut
manually with a sickle (0-12" above the ground level.
Care should be taken not to cut the crop too close to
the ground level. The leaves can be distilled fresh
or allowed to wilt for 6-8 hours-before charging in the
still.

Distillation of citronella is carried out in
direct fired field still or Boiler operated stills in a
manner similar to lemon grass oil. Steam distillation
by using a boiler always givas better results as both
quantity and quality of oil obtained is better.

A hectare of good crop of citronella would
give 50-75 kgm of oil during the first year and 100 to
150 kg. oil per hectare during succeeding 2 to 3 years.
Under good care and management, eitronella planted once
would give good crops for 3 to 4 years and yields as
high as 250 kg. per hectare can be obtained specially
under intensive agriculture on small farms,

Active Constituents and Uses:

Citronella leaves oh steam distillation give
0.7 to 1.3% of an essential oil which has got rich and
pleasant odour. The main constituents of the oil are
Gerianol, citronellol and citronellal. Celone citronella
contains less alcohols (50-60%) and aldohydes (7-15%),
as campared to Java citronella which is rich oboth in
total alcohol (75 to 95%) and aldehydes (35-50%).

Celone citronella is used mainlv for scenting
cheap grade soaps and detergents, Javacitronella oil is
used for isolation of perfumery chemicals like gerianol,
citronellal hydrosxy citronellal and other derivatives
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which are used extensively in perfumervy and cosmastics.
To a limited extent java citronella cil is alsc usgad
directly in scaps, detergents and anti-iwsquitc repelient

creams.

World Market and Future Prospects:

The present =zxporters of citronella oil in the
world are Formosa, Indonesia, China (mainland) Guatemala
and Celone. In other countries which praduce 50 - 60 tens,
mest of the producticn is consumed locally, The major
importers of citronella oil are, U.S.A., (10C0.0CO tocns)
Japaa {900-1100 tons). U.K. (250-500 tons) France (/0O tons).

. During +he last few years the demand of citronella
Les been increasing and consequently there has been
conciderable esclation in prices. The international market
price of java type citronella which used toc be arcund
XShs.40~45 per kgms. has gone upto around XShs.30/- per kg.
(July, 1980; both in New York and London markets. According
to market forecast (Chemical Marketing Reporter, New Vork)
the prices would increase further as prices of synthetic
perfumery materials is going up. As such there is consider-
able sccpe for producticn of citronella o0il by anv ccuntry,
specially when one considers the demand in Eastern Europe
and Asis and Africa where the demand for perfumery raw
material is bound to increase with indigenous production of
perfumes and cosmetics.
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IMPCRTANT FIRMS DEALING WITH
CITRONELLA OIL

R.C. Treat & Co. Ltd.,
19, Watling Street,
London E.C.4

U.K.

Bush Boak Allen Ltd.,
Blackhorse Lane,
London E.C.4

U.K.

Gale Mound Ltd.,
Commerce Road,
Brertford,
Middlesex,

U.K.

Blyth Green and Jourdani Lid.,
Plantation House,

Mincing Lane,

London EC3,

U.K.




- 108 -

ECONCMICS DF CULTIVATION

1ST YEAR

1. Field Prevaration ' KShs.. 300

2. Planting KShs. 300

3. Inter-culture KShs. 500

4. PFertilizers KShs. 600

5. Irrigation (Semi-arid areas) KShs. 300

6. Harvesting KShs. 300

7. Distillation at the rate of KShs.1,500
KShs.10/-per kg. an average
yield of 150/kgm. of o0il per
hectare.

8. Rent on land KShs. 100
Total operational cost KShs. 3,800
Interest at the rate of 10% KShs. 380
Total cost of cultivation KShs.4,180
per hectare in the first year say KShs.4,200

Cost of cultivation in succeeding

3 years (20% less than 1lst year) KShs.3,500
Average cost per year (3 x 3500 + 4200)
) = 3,675

say KShs.3,700

Gross return per year at the
rate of KShs.80/~ per kg. of KShs.12,000
oil (150 x 80)

Net return per hectare per year (12,000 - 3,700)
= KShs.8,300 *
* This is an average figure. Returns as high as

KShs,.12,000 can be obtained under ideal condition
of cropping.
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PACHOULI A POTENTIAL ESSENTIAL OIL
CROP FOR HUMID TROPICAL AREA OF KENYA

Botany and Geograrhical distribution:

0il of Pachouli is obtained from dried and cured

leaves of Pogostemon pachouli (Syn. Pcahiin). The plant

is a native of Indonesia and cultivated in Indonesia,
Malaysia, Seychelles islands and China.

Soil and Climate:
Deep fertile and medium soils with ample drainage

are suitavle for Pachouli cultivation. Heavy clay soils
or soils with high acidity and alkalinty or those soils
with -poor drainage should be avoided.

Warm humid climate with ample rainfall which is
well distributed is suitable for this plant. In Kenya
ccastal areas and warm humid areas in western Kenya are
suitable for cultivation of Pachouli.

Method of Cul*ivation:

Pachouli is prcpagated vegetatively through stem
éuttings. About 9" cuttings with 3 to 4 terminal leaves
are taken from a vigourously growing crop. In Kenya it

would be advisable to take the cuttings during early rains
in March and plant them in nursery. The cuttings should
be planted in sand in raised beds under the shade of a
tree. These should be irrigated frequently to keep
sufficient moisture in the bed. Treatment of the cuttings
with any standard rootiné hormone would encourage early
establishment of cuttings. Use of a mist chamber in place
of ordinary nursery bed would cut down the time of
establishment of cuttings. Four to six weeks old rooted
cu.tings should be planted in the field at a distance of
60 to 75 acm. in rows which should be 60~-75 c¢cm apart.
Pachouli thrives best under shade and therefore it is
advisable tn plant this crop as an inter crop in coconut
or cashewnut plantations. Most of the Pachouli crop in
the world is grown as an inter crop with coconut. When-
ever, coconut is not cultivated in quic$ growing tree
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should be planted before the crop is planted in the field.
In soild infested with roct knot, some nematocide iike
nemagon should be applied in rows 2 weeks before planting.

After the plants are established nitrogen at the
rate of 60 kg. per hectare should be applied in three
split doses. The crop should be kept free from weeds by
regular weeding and hoeing.

Harvesting and Distillation:

The first harvest of pachouli can he obtained
approximately six months after planting. when all the
terminal branches along with the leaves are harvested,
The leaves should pe dried in the shade with frequent
turning till they develop typical odour, characteristic
of pachouli oil. The fresh leaves have very little scent
but the odour develops after the leaves are dried and
cured.

The dried leaves should be distilled in an steam
operated still preferably under high pressure. The
distillation is continued for 6-~8 hours in order to
recovers all the oil.. A hectare of crop would give
approximately 30 kg. of oil during the first year and
50-60 kg. of o0il in succeeding years. The crop planted
once can give good harvest for 3-4 years. Normally 3 to
4 harvests of leaves are obtained every year.:. =
specially in areas where moisture is optimum and atmos-
pheric humidity is high.,

Active constituents and uses:
Dried leaves of Pachouli contain approximately *
2 to 2.5% of an oil which is used directly in perfumery
and cosmetic industry. Although various terpene
constituenits of Pachouli o0il have been analyzed, there
is no single constituent which cai give the typical
odour value of pachouli oil. As such this oil has no




synthevic substitute and the oil finds wide use in almost

ail perfumery and cosmetic preparations. The oil
provides tenacity to odour and is used as fixative. Most
of the perfumes of oriental nature contain Pachouli oil.

It is also used in soaps and cosmetics as a fixative.

World trade and Future Prospects:

The main Pachouli o0il producing countries are
Indonesia (230 - 250 tons) Malaysia (150 tons and
Seychelles islands (25 tons). The major consumers and
importers of Pachouli oil are U.S.A. (150-160 tons)
Japan (45-50 tons), U.K. and France. Other countries
like Netherlands, Belgium, Italy, U.S.S.R., and India
import small quantity.

The production of Pachouli oil has Leen more
or less static and in fact the Indonesian production has ,(
gone down Jduring recent years. The demand for Pachouli
oil has been increasing specially because of develomment
by perfumery and cosmetic industries -in the Communist
world and developing countries.

As such there is considerable scope for production
of Pachouli oil in other countries like Kenva where soil
and climatic conditions are suitable for this crop.

Proposzd for Production of Pachouli 0Oil in Kenva:
Pachouli should be introduced either from Seychelles
Island, Indonesia or India and tried initially on experi-

mental scale at the coastal Agricultural Research Station
as an intercrop - in Cashew, Mango and Coconut plantations.
If the experiments are successful, it can be popularized
with farmers who can get an additional cash income from
their coconut plantations.




ECONOMICS OF CULTIVATION

Field Preparation KShs. 200.00
Cost of raising nursery KShs. 100.00
Planting KShs. 100.00
Hoeing and weeding KShs. 300.00 ,
Fertilizer application KShs. 200.00 :
Harvesting and drying KShs. 200.00
Distillation at the rate of
of KShs.30 per kg. KShs.1,500.00

of oil (at the rate of
40 kg. of oil per hectare.
Rent on land KShs. 100.00

Total operating cost per KShs.2,700.00
hectare per vear
Interest at the rate of 10% KShs. 270.00

Total cost of cultivation per ha.per year KShs.2,970.00 | ”

say KShs.3,000.(.0

Average return per hectare per 300 x 40 = KShs.12,000.00
year (at the rate of 40 kg. |
of oil per ha. per year and
price of KShs.300 per.kg.)

Net profit per year = 12,000 - 3,000
per hectare = KShs.9,000 per ha.

=== == .







