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EXECUTIVE SUMMARY 

INTRODUCTION 

In accordance with the F.A.P.E. Terms of Reference, dated 1st November, 1993, this 
feasibility study reviews the market, technical andfinancialevaluationfor the establishment 
of an integratedpapayaplantation and processingplant in The Gambia for the production
of rzfinedpapainfor export. The report waspreparedby Mr. C.F.Street and Mr. PhilipJohn 
(Annex 11). 

METHODOLOGY
 

For the market survey, the assessments of historical/projectedproductionandprices and the 
conclusions and recommendations were based on fared questionnaires and telephone
interviews with importers, distributorsand papain enzyme manufacturersin the USA, EEC,
Japanand the processorsin India andZaire (Annex I). Officialstatisticaldata on exports and 
imports of enzymes were also reviewed; however, as refinedpapain is aggregatedwith other 
enzyme extracts, and not separatelypublished, these :'esources were of limited use. 

A field study was conducted by Mr. PhilipJohn in The Gambia from 31st October r-) 14th 
November, to assess the local conditionsand costsfor papayaLultivation (Annex 1). Technical 
data on processingmethods and operatingcosts were developed by Mr. John in consultation 
with equipment manufacturersandprocessorsof refined papain in India. 

PROJECT RATIONALE 

Refined papain is a proteolyticenzyme, processedfrom the driedmilky latex found beneath 
the skin of the papayafruit and has a wide range of applicationsin the food industry. The 
major producers of refined papain are Zaire and hdia. Over the last two years, Zaire's 
production has been severely curtailed due to political upheaval and civil unrest. 
Productionin India, which, like Zaire, is totally reliant on outgrowersfor latex supply, has 
also suffered a decline in production as a result of raw material shortages..Consequently,
world market priceshave escalateddue to a world market deficit currently estimatedat 130 
tonnes. 

Papinex Limi:ed, is being established to take advantage of the ongoing shortfall in world 
market supply; and its proposed integratedpapaya plantation/processingfacility, will have 
the unique advantage of not being totally reliant on fluctuating latex supplies from 
outgrowers. 

The financialfeasibility andsales prospectsfor this project are extremely favourable.It is 
recommended however, that a study be conducted on the by-products of the papayafruit 
namelyfrozen papayapuree,papayajuice andtropicalfruit win4 which willfurther enhance 
the profitability of the project. 
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PROJECTB.ICKGROUND 

The project was initiated by Mr. John Moore. ant ..Inerican entrepreneur i! partnership with 

Mr. Charbel Elhajj, a Ganbian nationzal. 77ey have established Papiner Limited in The 

Gambia to develop this venture which will untlise Indian technical ,rpertise. 

The competitive advantaqes offert:d by The Gambia for the proposed project include: 

exrcellent climate and conditionsfor the cultivation of papaya;* 

y' of undergroutd water* 	 availabiliv of a prime land site with sufficient sulq)

for irrigation; 

" 	 availability of an crperiencedlocal labourforce at co-lparablewage levels to 

Zaire and India; 

reliableand frequent air and sea transportto Europe for the exrport offinished
* 

product and import of essential materials; 

Government that is politically and economically stable, which encourages
" 	 a 

private sector development. 

PROJECTDESCRIPTION 

Papinex Limited proposes to cultivate approximately 200 ha of papayafor later extraction 

and to establish a manufacturingfacility for the production of refined papain. 77Te proctoss 
which 	 is a well 

will use a low temperature vacuum evaporation and drying system, 


establishedtechnology for developing countri2s.For a plantationof 200 /a the optimum latex
 

yield per annum, (based on 2,000 trees per hectarepioducing 1.25 kg of latex per tree) is 

approximately 500 tonnes. When processed, this converts into approximately 50 tonnes of 

refined papain. Latex yields from the papaya fruit commence approximately nine months 

after initialplanting and continue for :n additional15 months. It wili therefore be necessary 

to implement a replanting schedule every 24 months, which is reflected in the output of 

refined papain (Annex 11I). 

SITE LOCATION 

Papinex Ltd has acquireda 209 ha plantation,formerly owned by Citro Products(Gambia) 

Ltd. The site is located on the outskirts of the capital city, Banju' and is approximately 12 

kms from the internationalairport. 

PROJECT COST 

The total project cost is projected at US$3,500,000. Papinex Ltd., will be capitalisedat 

required project financing will be placed withUS$1,000,000 a;,d the balance of the 

development institutions.
 

1,
 



CargillTechnical Services Ltd FeasibilityStudy - A Processing Plant to Produce Refined Papain in Mlue Gambia 

ECONOMIC BENEFITS TO THE GAMBI4 

" the generationof foreign exchange earnings, 
* 	 the employment of approximately 533 Gambian nationals, 
* 	 technology transfer and local personnel training, 
* 	 implementation of the Government's policy to promote the agriculturalsector with 

special emphasis on exports. 
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1 COUNTRY ANALYSIS 

1.1 LOCATION 

The Gambia is one of the smallest countries in Africa, situated in the extreme western tip ofthe continent and occupying a narrow strip of land, approximately 480 km long, on both sides
of The Gambia River. The country, whose width does not exceed 50 km, is bordered to the
north and south by Senegal, and to the west by the Atlantic Ocean. 

1.2 POPULATION 

Since the 1970's The Gambia has witnessed an increasing rate of population growth which
is currently estimated at 3.4 per cent per annum, of which about 2.9 per cent per annum is
due to natural increase and 0.5 per cent per annum to immigration from neighbouring
countries. In 1990, total population was estimated at 890,000, corresponding to a density of
about 85 per km2. Given current demographic trends, the population could exceed 1.2 million 
by the year 2000. 

The population of the Greater Banjul Area (GBA) is approximately 210,000 and if presenttrends continue, it will increase by an additional 85 per cent to reach approximately 400,000 
by the year 2000. 

1.3 POLITICAL ASPECTS
 

Formerly a British colony, The Gambia 
was granted internal self-government in 1963 andindependent status in 1965. The country became a sovereign republic within the British 
Commonwealth of Nations in 1969. 

Cordial relations and close co-operation are maintained with The Gambia's immediate
neighbour, Senegal, which crystallised into a confederate arrangement known is theSenegambia Confederation in 1982. This Confederation was subsequently dissolved with the
mutual consent of both partners but privileged relations continue to exist between the two 
countries. 

The Cambia has enjoyed continuous political stability since independence under a democratic,
multi-party political system and the present constitution, dates from 1970. Executive power
is vested in the prcsident who is head of state and commander-in-chief of the armed forces.
General elections through secret ballot, are held ever), five years to elect the president and
36 candidates who constitute the country's House of Parliament. 

The largest party in the country is the People's Progressive Party which, following the 1992elections, occupies 25 seats in the House of Parliament. Its leader, Sir Dawda K. Jawara, wasthe country's first Prime Minister and has remained The Gambia's President since 1970. 
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1.4 ECONOMIC ASI'ICl'S 

With a per capita income cstimated in 1990 at US$264, The Gambia is one of the world'sleast developed countries. T'he economy is based on agriculture, with groundnuts constitutingthe major source of foreign exchange and accounting for 85-90 per cent of domestic exports.About two thirds of the population are employed in tie agricultural sector, producing mainlygroundnuts, millet, sorghum, rice and livestock rearing. Agriculture contributes about 30 percent of GDP. hlie principal manufacturing activity is in groundnut processing and a few othermodest, resource-based processing industries, all located in the Banjul area. The country isheavily dependent oin trade, importing about one third of its food, all of its fuel, capital goods
and most other manufactured products. 

Outside of agriculture, the most important features of the economy are a rapidly growing.tourism industry, employing about 6,000 Ganibians during the high season from October toApril; and a well developed commercial sector that has historically been involved in re-exporttrade to other countries in the subregion. 

http:l'roco'.sj
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2 MARKET STUDY FOR REFINED PAPAIN 

2.1 PAPAIN, ITS FORMS AND USES 

2.1.1 Background 

Papain 	is the dried latex obtained from the papaya fruit. The papaya tree, indigenous toCentral America is widely cultivated throughout the tropics. Traditionally the leaves wereused to tenderise meat, long before the active principle in the papaya fruit was rccognised tobe a proteolytic enzyme which can break down and dissolve protein. More than 60 years ago,the dis 'overy that an enzyme obtained from the papaya latex could be used to improve theclarity 	 of chilled beer, stimulated an industry to produce papain which has developed wide
ranging uses in specialised areas of food processing. 

2.1.2 	 Crude Papain 

Historically, the earliest commercial drying of papaya latex was sun-drying or kiln drying.These 	methods, particularly sun drying, where exposure to ultraviolet ih sufilight rcducesproteolytic activity, produce an inferior quality product. The material is often darkly colouredand is frequently malodorous as a result of microbial growth. Crude pipain is ground into acoarse granular form for export and usually requires purification in order to produce a morestable product free of extraneous materials, and with an acceptable shelf-life and microbial 
count. 

As the food processing industry has developed more stringent specifications on the use ofcrude papain, including laboratory testing of the proteolytic activity, bacterial count 	 andsolubility, most consumcrs prefer a refined product that meets these standards and can be
used directly in many applications. 

2.1.3 	 Refined Papain 

The production of refined papain using low vacuum and spray drying methods was developedduring 	the 1960's. The end product is a fully soluble fine white powder with a low bacterialcount and a high protcolytic activity which is between two and four times that of crude 
papain. 

2.1.4 	 Uses of Papain 

The principal uses of papain arc: 

" in the 	brewing industry it is used in the chill proofing of beer to prevent the 
formation of haze during cold storage; 

" in the pet food industry it is used for pre-digestion of meat products; 

• 	 in the meat industry it is used as a tenderising agent, either sprinkled onto 
meat or by injection into animals prior to slaughter; 

3 
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in fhe food additives ildustry it is used 1o increase tile yicld of y'cast extractfrom spent yeast and for tie iotd clioul of prote in hydrolysatcs which arc bothwidely used in the manu fact lire of savory foods such as soups, sauces, spreads,
canned and frozcn foods Cec. 

Minor uses of papain includc: 

in the pharmaccutical industry it is used in the production of digestive aids
 
either as powder formulations or in talicts;
 

0 in nicrobiology it is used for tie production of peplones fromn 
 nieal and casein
for the mann fact tire of scra aLd vaccines; 

* in the animal feeds industry it is used for preparing a spccialised fish protein 
concentrate. 

Small quantities of papain are also used in leather bating to improve mobilit ,'and softness,in the textile industry for degumming silk and in the cosmetic industry for skin cleansing
formulations. 

2.2 COMPiETITION 

2.2.1 Zaire
 

The production of refined papain 
was started in Zaire in 1970 by Mr. Boudart, a Belgium,who patented a spray drying technique. Boudart established outgrower plantations and aprocessing facility for the production of refined papain in the eastern province of Kivu.Having dominated the world market for approximately fifteen years, the company was sold 
to Enra S.A. in 1985. 

Enra S.A., Zaire, is a private company owned by Mr, Bemba Salona, a Zarois citizen. In1990 th.:y were producing up to 110 MT, however, Zaire over the last two years has beenravaged by violent political conflict and economic ruin. Many of the papaya plantations havebeen destroyed with no evidence of replanting. Production in 1993 has declined toapproximately 35 totnes. 

With little prospect of economic revival it is unlikely that Zaire will emerge as significant
competition in the near future. 

2.2.2 India
 

In the early 1980's, several companies in India set up processing facilities for refined papain,
but were reliant on outgrower smallholdings for delivery of latex. During 1990 India wasproducing up to 140 MT, however production has shown a decline over the last three years,as obtaining sufficient quantities of refinable latex has become increasingly difficult; asoutgrowcrs have abandoned the labour intensive papaya cultivation and latex collection infavour of other readily marketable crops for domestic consumption. The high cost of 

4
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maintaining processing facilities without regular latex supplies has forced some processors to 
close down their refining operations. 

The major producers of refined papain in India are presently: 

0 	 Jain Plastics, PVT Ltd., India, a family owned company, established in 1979. Their 
principal activity is plastic pipe manufacture. They currently produce approximately
60 tonnes of refined papain per year. 

0 	 Enzo-Chem Laboratories PVT Ltd., India, established in 1980 by the Warma 
family. They currently produce approximately 30 tonnes of refined papain per year. 

There are as well several minor processors of refined papain in India producing approximately
AO tonnes per annum for domestic and export markets. 

REFINED PAPAIN 
WORLD PRODUCTION 

300 

250 
200 N ZAIRE 

100 W OTHERS 

50 

0 
1970's 1980's 1990 1991 

YEARS 
1992 1993 

2.2.3 	 Others 

Reco Industries Limited, Uganda, owned by Mr. Rwabwogo, has a small processing facility
with an installed capacity of up to 25 tonnes of refined papain per year. LGcatcd near the
Zaire border, they are entirely dependent on Zaire for latex supply and as a result have 
experienced erratic production levels; 1993 output is estimated at 15 tonnes. 

In Japan, Kirin Brewery, were producing small quantities of refined papain for their own use. 
However, due to high production costs, their plant was closed down in 1985 and they now 
import their refined papain requirements. 

5
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2.3 SUPPLY/DEMAND FORECAST 

'Thie dcclining p,oduction in Z~iire andlinlia hi.aS crcalctl a world market shorlagc of refined 
papain: 

FVRL b NIARKET TRENDvPVo 
300 

250 

200 
- 1IiNANI) 
MSUPPILY 

50 

0 
1970's 1980's 1990 1991 1992 1993
 

YE1\RS 

Processors in India have tried to incrcase their production by importing crude papain from Sri 
Lanka for refining; thcir currcnt production is approximatcly two to thrcc tonnes per annum. 
Tis has proved to be expensive and of inferior quality as the initial drying of papaya latex 
to obtain crude papain results in loss of activity. 

China is also presently trying to exploit the market shortage r, refined papain and arc 
p.'oducing small quantities of a semi refined product of an inferior quality which has had 
minimal acceptance in the market. 

2.4 HISTORIC AND PROJECFED CONSUMPTION TRENDS 

2.4.1 Introduction 

Papain is one of the bcst known cxamplcs of an enzyme derived from a tropical fruit. During 
the last twenty years the industrial use of enzymes has rapidly expanded. In some sectors of 
industry the use of enzymes is still in its infancy. The reasons behind the success of enzymes 
can be summed up in four words; efficiency, precision, convenience and cost effectiveness. 

6
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;NUTRY SECTOR USE
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2.4.2 	 Brewing 

Du.-ng the 1970's refined papain consumption was dominated by the brewing industry which 

represented up to approximately 75 per cent of world market demand. This usage substantially 

declined due to: 

" 	 the invention of alternative methods to chill proof beer without the use of 

additives; 

" 	 a change in distribution methods, has reduced the necessity for prolonged 
storage of beer, in which papain was used as a quality preservative. 

However, information obtained from the brewing industry indicates that the use of refined 
papain as a chill proofer and a quality preservative will remain at its current level for the 
foreseeable future. 

2.4.3 	 Pet Foods 

In the early 1980's a substantial market emerged for refined papain in the pet food industry 
which has developed to a current level of approximately 25 per cent of the world market 
demand for refined papain. 

Papain 	is used in pet foods on an increasing scale due to: 

" 	 its ability to lower the viscosity of meat slurries facilitating handling and 
transport in a processing plant; 

" 	 the enzymatic hydrolysis of meat by papain produces peptides and amino acids 
that creates a savory flavour attractive to pets. 

7
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2.4.4 N',at Tenderlsatlon 

"'!, use of refined papai n ilte 1cu;t tcldcrisation industry has maintained a consistent share 
of approxinialely 21) per cent of voilhi narkct denand. ''hc industry is dominated by the U.S. 
which has (lie highest per capita mcat consumption in the world and where pre-slaughter and 
post-slaughter injection of liquifid refined papain is widely used. 

2.4.5 Food Additives 

There has heeii a substantial increase in the use of food additives due to the rapid growth in 
C()lnstlllllion of processed and conveniencc foods. 

'Tc most itnpottant uses of rcfliied papain in food additives arc: 

" production of yeast extracts, 
* production of hydrolysed proteins. 

2.4.6 Others 

DEMAND FOR REFINED PAPAIN 
BY INDUSTRY SECTOR (1992-1993) 

(30.0%) Brewery: 87 MT 
(25.0%) on Pet Food: 73 MT 

(5.0%) Mli Food Additives: 58 MT 

'-1Meat Tenderisation: 58 MT 
(20.0%))(20.0,11) Others: 14 MT 

Due to the versatility of the papain cnzymc there are several minor uses referred to in section 

2.1 and new sources of use that are continually being evaluated. 

2.4.7 Industry Outlook 

Due to the present unreliability of supplies, manufacturers within the food industry are having 
to substitute refined papain with less efficient enzyme combinations. 

It should be noted that papain can be produced synthetically. However due to its complex 
nature it has not been considered to be an economically viable proposition 

8
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The preference for the use of refined papain over other enzymes is principally due to: 

* its natural product source,
 
" its ability to retain activity at high temperatures,
 
* its ability to retain activity across a wide pH range. 

Interviews conducted with manufacturers of enzyme preparations indicated that there will be 
a return to the use of refined papain once the current imbalance in the supply and demand 
situation is alleviated. 

2.5 THE MARKET 

The principal markets for refined papain are the USA, EEC (in particular UK, France, 
Belgium, Germany and The Netherlands) and Japan. Other markets for refined papain include 
Australia, Canada and South America which currently represent approximately 40 MT per 
annum. 

WORLD MARKET DEMAND 19931 

(13.8%) USA 158 MT 

(413.%) 4 b EEC 80 MT
(4.1%) JAPAN 12 MT 

W (54.5%) O't'tIwS 4OMr(27.6%) 
TOTAL: 290 MT 

The importers/distributors of refined papain and manufacturers of papain enzyme preparations 
interviewed for this market report, (Annex I) currently represent approximately 70 per cent 
(170 MT) of the market demand for refined papain in the USA, EEC and Japan. 

2.5.1 Projected Market Share 

Based on industry estimates, the projected potential average annual growth rate for refined 
papain consumption is 2.5 per cent per annum. 

The following shows Papinex Limited projected market share basedon a two year replanting 
schedule (Annex III). 

1995 1996 1997 1998 1999
 

Projected World Market Demand MT 304 312 320 328 336
Projected Sales Papinex Itd MT 8* 44 37 41 44 

% Market Share 2.6% 14% 12% 13% 13% 

* six months sales 

9 
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2000 2001 2002 2003 2004
 

344 353 362 371 380Projected World Markct Dcmand NIT 
36 49 35 47 37Projected Sales l'apincx Ld MIT 

10% 1 14% 10% 13% 10%% Market Share 

2.6 	 MARKETING AND SALE-S 

The end users of refined papain purchase their rcquircncnts from importers and distributors, 

who also act as stockists, or cnzymc rnanufacturcrs/proccssors who convert refined papain 

powder into standard liquid preparations to suit customcr rcquircments. 

prov idCs the end user withi the advantage of not havilg to carry large ihvcntories
Tlis systeni 

payments. Most
and avoids thc prohlcms of verifyilng quality, delays in delivery and overseas 

;account basis, with prices fixed on a one year
purchasing by the cnd user is on an ope 

contract. 

papain 	 in India sell directly to iniporters/distrilutors/enzymeManufacturers of refined 
their own

have no overseas represcntatives. Enra S.A., Zaire have
manufacturers as they 

on a cashInternational in 13elgiuni. Sales are normally made 
marketing company Enzymasc 

most of the 	customers are long established in the refined papain 
against documents basis as 

industry. 

Imports of refined purified are normally airfrcighted due to its low volume and high value. 

for the 	principal markets, withLijIited appoint sales agentsIt Is reconInICnded that Plapi1Iex 
basis. Sales 	agents should maintain regular

establislied on a perforinaiiceagency 	agreements 
provide

stock levels 	to ensure spot deliveries to clients. In addition the sales agent should 

on changing market conditions and price fluctuations.information 

It is proposed that a marketing budget be established to enable the company to develop in 

conjunction 	with ticir agents tie following: 

9 	 contact with tie importers, distributors and manufacturers of enzyme 

preparations 	 in the principal export markets; 

4 	 product sampling to potential buyers; 

* 	 provide for independent testing of the refined papain to establish the quality
 

of the product.
 

market 	shortage of refined papain, it is anticipated thatHowever, due to the current world 
minimal market promotion will be required. 

Papinex l.imited will have the unique advaitage of an integrated cultivation and processing 

facility 	without having to rely on otitgrowcrs for latex supply. This should result in the 

hIghest quality standard of finished product and ensure market acceptability at a premium 

price. 

10 
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2.7 IMPORT REGULATIONS/IARIFFS 

In the European Community, rcfined papain is imported duty free under the Lomd
 
Convention, whereby preferential tariff agreements have been established with African,
 
Caribbean and Pacific (ACP) countries.
 

In the USA and Japan refined papain is imported duty free from all sources, except India,

which is subject to six per cent import duty in the USA. This tariff was recently imposed as
 
a retaliatory measure for India's refusal to sign an "Intellectual and Patent Rights" agreement
 
and is unlikely to bc removed in the near future.
 

The customs classification for refined pzpain is 'Enzymes and Prepared Enzymes (excluding 

rennet ard concentrates)' and the tariff no. is 350790000. 

2.8 QUALITY STANDARDS 

The quality of refined papain is based on its activity as an enzyme which is expressed in
 
tyrosine units or N.F. units. This is defined as the quantity of papain rcquircd to break down
 
a specified quantity of protein.
 

The most common quality standard for refined papain is 800 tryosine units or 48,000 N.F.
 
units per mg.
 

The only published standard specification for refined papain is in the Food Chemical Codex
 
of the USA (1st edition); the assay method cited is used universally (Annex V).
 

In the EEC refined papain is listed in the Eincx directory (European Index) which classifies
 
all substances used in the manufacture of foods and pharmaceuticals.
 

2.9 PRICING AND TRENDS
 

Average Refined Papain prices FOB Zaire/India (US$/kg)
 

1989 1990 1991 1992 1993* 

38.00 40.00 42.00 52.00 81.00 

* six months 

The above prices of refined papain are based on the most commonly used activity level of 
800 tyrosine units or 48,000 N.F. units per mg. 

Up to 1991, the price of refined papain remained relatively stable with minor increases 
reflecting a rise in processing costs and air freight charges. 

The inflated prices of 1992 and 1993 are a direct result of the ongoing world market shortage 
of refined papain caused by the situation in Zaire and the production decline in India. 
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2.10 Market Forecast 

It is ancitipatcd that the current inflated price levels will stabilise at approximately US$55-60 
per kg over the next 18 months, due to a concerted effort by producers in India to increase 
their output. 
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3 TECHNICAL STUDY FOR REFINED PAPAIN 

3.1 PAPAYA PLANTATION AND CULTIVATION 

3.1.1 Background 

The papaya (Carica Papaya L.), although native to Central America is now grown in most 
tropical regions up to an altitude of 1,000 m. The main producers are Mexico, Brazil, Peru 
and Venezuela in South America; Sri Lanka, India, Taiwan, Thailand and Philippines in Asia 
and Uganda, Kenya, Tanzania, Ghana and Zaire in Africa. 

Papaya is a soft wooded tree that grows to a height of up to 10 m and has palm like leaves. 
It is generally dioecious but occasionally bi-sexual varieties are found. The fragrant flowers 
are pale yellow and fruits are borne on leaf axles on the trunk, starting at a height of 
approximately 1 m from the ground. 

3.1.2 Climate 

Papaya thrives under hot sunny humid conditions and also under dry conditions, given
adequate irrigation. High sunlight radiation is required to produce superior quality fruit and 
maximum latex yields. Low temperature and frost arc harmful, cold nights effect fruit quality 
and also extends the period to maturity. 

The Gambia lies between latitudes 130 12' 15'N and 130 32' 56'N on the western coast of 
Africa. The climate is sub-tropical with a long dry season from November to May and the 
rainy season from June to October. The average total rainfall is 817 mm per annum and is 
generally confined to nights. The dry season is marked by a cool dry period from November 
to March, coinciding with the movement of the north-east trade winds (harmattan), and a 
shorter dry period from mid-March to June. Mean temperatures vary between 15'C - 31°C 
minimum during the cool season and between 28°C - 40'C during the hot season. R'clative 
humidity ranges are between 22 per cent and 96 per cent and the average sunshine hours are 
approximately seven - eight hours per day (Annex V). 

There is no history in The Gambia of adverse climatic conditions such as storms, high winds, 
hurricanes etc. which could damage the papaya crop. 

The overall climatic pattern is ideally suited for the cultivation of papaya, with all the 

required climatic parameters available for healthy and vigorous growth. 

3.1.3 Soil 

Papaya grows in most soils except heavy clays. Good drainage is essential as the papaya root 
ssys -,nis easily damaged if the soil becomes saturated with water. The papaya plant is fast 
growing and must have a continuous supply of plant food and moisture to ensure satisfactory 
growth. 

The soil at the proposed site is sandy loam with good drainage characteristics. It is slightly-acidic, which is beneficial for papaya cultivation. The soil analysis reports (Annex VI) show 
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a deficiency in organic niattcr and potash which will be rcclificd by the addition of ferlilisers 
to improvc tihe availalc phosphorous and nitrogen colntcnt. Thcse itiprovcnicnts will also 
change the soil stiructure and increasc its capability to rctain watcr and discourage Iccching. 

A fairly high lcvcl of nematodc infcstation was also notcd in the soil, which can easily be 
eradicated using a suitable ncmaticidc in conjunction with locally available ncem cake. With 
tile preventive icasutres and trcatincnts tlctailed in section 4.1.17, nenia odcs are nor 
considered a risk to papaya cultivation. 

3.1.4 Drainage ropography 

The proposed site lies on slightly sloping land that provides for good irrigation. It drains 
gently from the south cast and north east sectors of the site into the nearby swampy bolong.
Its southern border runs parallel to one of the main drainage channels of the town of Brikama. 
It should be ensured that no effluent seepage, from any composting operations; or other 
factory disposals are allowed to drain into the nearby bolong, nor be allowed to contaminate 
the spring water. 

3.1.5 Site Location 

The area of the proposed site is 209 ha, located in the western division administrative area 
which borders the Greater Banjul Area (GIIA); it lies close to the estuary of the River 
Gambia. Iliese regions are the traditional rice producing and horticultural development areas. 

The site lies about 5 kms from the town of Brikania which has a population of 35,000.
Brikama Is located on the Bnnjul/13asse highway approximately 35 kins from the city of 
Banjul and 12 knis from the international airport. 

Access to the site is off the Brikania/Bassc by-pass, on atn unpaved road. It is surrounded by 
a number of villages on the northern sector and market garden plots in the eastern sector 
(Annex VII). 

3.1.6 Water 

Adjacent to the proposed site, the village market gardening area of Kembjeng is renowned
 
for its natural springs. The site lics on an underground water path, giving the property a
 
unique quality in the region 
as a location for adequate underground water for irrigation.

Based on information obtained from other geological surveys conducted in the region and
 
discussions with hydro gcologists and drillers working in the area, 
 it was concluded that the 
potential exists to exploit adequate ground to mectwater the requirements of the project.
Ilowever, it is reconimended ihat a detailcd gcophysical survey of tie site is conducted 
including electrical sounding, profiling, drilling of a test borehole to establish the potential 
for maximumn extraction of groundwater. 

It should be noted that the drilling log of the existing bore athole dug the proposed site 
shows (he static water level at 10 in dcpth. 
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3.1.7 Cultlvar Selection 

The papaya has numerous sub species and papaya grown in one country is sometimes 
conspicuously different from fruit grown elsewhere. Some of the varieties are named;
Washington, Honey Dew, Peradeniya, Solo, Sunrise Solo, Selection No. 1, Blue Stem 
Panama Red, Fairchild, and commercially bred varieties from India named CO's one - six. 

Only the female plant produces fruit, from which latex can be extracted for papain production.
An extensive evaluation of the different varieties of papaya concluded that three varieties of 
papaya should be cultivated in The Gambia to obtain the required balance between yields and 
availability of sufficient female plants to optimise refined papain production: 

" a selection from the iocal Gambian variety,
* CO5 variety from India, 
* a bi-sexual variety from Taiwan. 

The CO5 variety from India which is uni-sexual has the highest latex yield. The variety from 
Taiwan, although lower yielding is bi-sexual and will ensure sufficient numbers of female 
plants. There are two or three lower yielding mixed varieties in The Gambia from which a 
medium sized variety with dark green ribbed fruits has been selected. This variety has the 
advantage of being long established in The Gambia, well adapted to the local environment 
and has acquired an immunity to most local disease. It is therefore recommended that one 
third of the total area is planted with each variety. 

3.1.8 Land Clearance 

The land is currently planted with 30,000 lime trees most of which arc over 15 years old. It
is proposed that the entire area be cleared by a local sub-contractor. The cleared area will be 
divided into square blocks of 10 ha with access on all sides. 

3.1.9 Irrigation and Bore Holes 

A papaya tree requires an average of 12 litres of water per day, and a regular supply of 
nutrients to maintain healthy growth. It is therefore recommended that a drip irrigation system
be installed to facilitate economic distribution of water and nutrients directly to the root 
system (Annex VIII). For 200 ha under cultivation at the proposed site, it is recommended 
that 12 bore holes be installed. 

Information on the availability of water in the area of the proposed site was obtained from 
the Director of Water Resources in Banjul. There is an abundant supply of water at an 
approximate depth of 10 m, resulting from accumulated rainfall in the wet season. It will 
therefore not be necessary to obtain additional water supplies from The Gambia river. 

The peak water requirement per day for 200 ha under cultivation is 4,800,000 litres. Based 
on 12 boreholes producing 400,000 litrcs each per day, one hole will bc required to pump for 
11 hours per day at a rate of 36,000 litres per hour. 
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The factory water requirements are: 

Process 	 15,00(0 litrcs per day 
Washing and cleaning 10,00 litres per day 

Additional pumping required for the factory water would be approximately one hour per day. 

3.1.10 	 Nt Digging and Manuring 

It is recommcnded that pits of 2.5' x 2.5' x 2.5' be dug at a spacing of Tx 7'. As the soil is 
poor in organic matter, the pits shotld be filled with compost, bone meal ctc. Thc pits are 
then allowed to wcather and must he irrigated for a fcw weeks prior to planting. As the soil 
is sandy loam, pit digging can be executed manually. Due to the fairly high level of nematode 
infestation in the soil, the back filled soil and compost should be treated with suitable 
nematicides, fungicides and insecticides to provide an acceptable sterile environment for 
healthy development of the transplanted seedlings. 

As availability of organic manure/compost in The Gambia is limited, it will be necessary to 
initially import bone meal, peat, neem cake etc. The total start up quantity required will be 
approximately 3,000 tonnes. In subsequent years, the farm will self generate most of its 
compost requiirements which wili be supplemented by procurement of animal manure, ncem 
cake and seeds in The Gambia. 

The annual cost for the procurement of organic compost is estimated at US$35,000, Initially 
broken down as follows: 

* 	 US$20,000 for local procurement of groundnut cake, cattle manure, sewage waste and 
small quantities of neem seeds (compost pecparation is included iii labour costs); 

* 	 US$15,000 for imported concentrates of bone and blood meal, fish waste an& neeni 
cake. 

The quantities of imported concentrates will reduce as local neem collection is increased as 

detailed in section 4.1.17 

3.1.11 	 Cultivation of Seedlings for Transplanting 

Approximately 8,000 seedlings arc required to plant I ha with four seedlings in each pit. The 
nursery should be started approximately two months prior to transplanting. Tile seeds are 
raised in nursery bags with drainage holes which are filled with soft loose top soil mixed with 
compost. This mixture must be treated with neniaticites, insecticides and fut gicidcs to 
prevent any carry over of plant disease to the field. The seedlings should be raised under 
cover and hand watered regularly. Seeds will germinate within 15 to 20 days and 
transplanting can be carried out after albout two months when the seedlings grow to a height 
of between 6"-9". 
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3.1.12 Transplanting 

Four seedlings should be planted in each pit. To prevent mutilation of the roots, a large partof the moist soil containing the entire root system should be lifted and transplanted into thepit. The seedlings should be held erect in the hole with the root collar about ' below theground surface. A papaya seedling has a long tapering, thick fleshy white tap root, the upperpart of which has the largest number of fibrous roots that forms the future root system of thepapaya plant. It is essential that all fibrous roots are preservtd intact during transplanting asrough handling of the seedlings can lead to stunted growth and other abnormalities. Theseedling must be thoroughly irrigated immediately after transplanting and daily thereafter. 

3.1.13 Thinning 

As only the female plant can be used for latex collection and there are no means to determinethe sex of the plant before it flowers, four plants are grown in each pit. Flowering takes placeabout four ­ five months after planting when the sex can be determined. Male flowers areborne on long drooping flower stalks in great numbers and the female flowers, arc borne on
short branched stalks in the leaf axils. 

For the C05 and The Gambian varieties, the first trees in each pit which show female flowerswill be preserved anid the rest destroyed. About one month later the strongest of the remaining
females is preserved and the others are removed leaving one female in each pit. About 25male plants, which function as pollenisers, arc retained for every 1,000 female plants, suitably
spaced in the plantation. 

3.1.14 Weed Control 

The soil surrounding the plant base is likely to have weed growth which must be continuously
removed. 

3.1.15 Fertillsation 

As vigorous growth of papaya must be induced for an abundant latex supply, it isrecommended that the organic manure be supplemented with nutrients, in particular nitrogen.The drip irrigation system will facilitate the delivery of micro doses of chemical fertilisersand trace elements direct to the root system. The quantities of nutrients required should beformulated based detailed soil analysis of different sectorson of the site after clearance.Approximately 200 tonnes of imported complex fertiliser will be required per annum. 

3.1.16 Replanting Schedule 

Based on observations of climatic and soil conditions in The Gambia, it has been determinedthat the commercially viable tapping life of the papaya tree is approximately 15 months, afterwhich replanting should commence. The nursery raised seedlings should be transplanted equi­distant from the existing plants. The older plants can be retained for 30 - 45 days after freshtransplanting, before removal, as they will provide shade for the seedlings. Replanting cantake place continuously every 24-26 months provided that sufficient soil nutrients are 
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available. With rotation planting, it is esscnial to remove all old trecs even though the 
tapping life of some trees may not bc exhausted. 

3.1.17 Papaya Pests and Diseases 

Occasionally the spider mite is found on papaya which attacks the leaves and fruits. Spider 
mites can be easily controlled by regular praying of acaricides on a preventive basis while 
tic plant is still young. Other possible discascs are fungal types the most common being 
collar rot, root rot, fruit rot, and rnildcws which attack the leaf, fruit and root. There are many 
effective fungicides availahlc to allcvi;atc fum-ial attack. lhe most difficult disease to control 
is tie Ic:af curl virus and the mosaic vilus. Osclvaiotis ilThe Gambia shov no cvidence ,of 
these viruses being piescIt. 

For control of ncniatodcs, neern cake, nccni oil and crushed ncemn seeds fand leaves are 
recommended as they will also provide nutrients and mulch to the plant. This should be used 
as an adjunct to chemical plant control measures for which carbofuran is recommended for 
-ffective eradication of nematodes. Ncem is plentiful in The Gambia but as no h-rvesting is 
presently conducted, it is recommended that a collection system be implemented. The 
.stimated cost of local purchases of ncem seeds is between 100 - 150 dalasis per tonne. 
Additional costs of transport and ncem sccd crushing (to generate neem cake for compost and 
[ieem oil for use as an insecticide), are negligible and are included in labour and transport 
wverheads. The estimated annual cost of necm cake and oil, when total requirements can be 
:rocured locally, is US$8,000. 

Ilhe initia! start up quantities of pcsticidcs/fungicidcs required will be approximately. 500 
:onncs. Utilisation should be on a preventive and as required basis. 

[n The Gambia, where there has been no widespread use of pesticides/fungicides plant
 
)rotection control measures will be enhatIced as immunity levels arc low.
 

3.2 LATEX RI-COVERY 

i..tcx collection SihoulId le carried out in the ca ly houts tofthe morn inig which is the period
 
of greatest latex flow. Only the oldest fruits (lowest on the trunk) should be tapped while they
 
are still entirely green and have reached about 75 per cent of their maturity. If younger fruits
 
higher on the trunk are tapped at the same time as the old fruits, growth will be retarded and
 
they will ripen prematurely. Further, the whole tree will be greatly weakened by the excessive
 
loss of fluid.
 

3.2.1 Tapping Method 

The area to be tapped should be divided into three sections and one section tapped per day, 
returning to the first section on the fourth day, thus giving the tree sufficient time to recover 
its productivity. 

Tapping consists of nmaking tow to three incisions nomt tore Ihan 1.5-2 tum deep running 
laterally down the fruit using a stainless steel razor blade embedded in the end of a stick. 
Deep incisions do not heal and frequently the fruit rots. A greater number of incisions on a 
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f.tit will result in a lesser quantity of latex being collected as much of tf:- latex remains as 
dropizts on the fruit. Thc latex flows into a collection tray which consist- of a polyethylene 
sheet clamped to the tree. 

The latex flows for about 60-70 seconds after which it will coagulate on the fruit. The 
coagulated material is scrapped off by hand and collected in buckets. The latex which has 
dripped onto the tray and coagulated, is also collected in buck ts before the tray is refitted 
to an adjacent tree. It is estimated that 50 trays will be required per tapping hectare and that 
approximately 70-80 trees can per tapped per hour per tapping team (tapper and latex 
collector). 

3.2.2 Latex Collection and Handling 

During latex collection, large extraneous matter such as flowers, leaves and insects are 
removed from the tray. After collection in buckets, preservatives are added to the latex to 
ensure the retention of maximum activity. The material is then transferred to 55 litre stainless 
steel air tight drums for transport to the factory. 

3.2.3 Estimated Latex Yield 

Three to four months after the rainy season, is the period of maximum latex yield, with the 
minimum yield during the dry season. However, the proposed drip irrigation system will help 
to reduce this imbalance of latex yields. 

For a plantation of 200 ha the optl,,Ium average latex yiel. per annum, (based on 2,000 trees 
per hectare producing 1.25 kg of later"per tree) is approximately 500 tonnes. When processed, 
this converts into approximately 50 tonnes of refined papain. 

3.3 FIELD TRANSPORT 

It is recommended that trucks, tractors and trailers be provided to convey all plantation 
personnel to their respective work sites and for transport of agricultural inputs and fresh latex 
supplies. The tractors should be fitted with spraying attachments for pest control operations. 

3.4 TECHNICAL DESCRIPTION OF PROCESS 

3.4.1 Reception/Inspection 

The latex, when delivered in the 55 litre stainless steel drums is in the form of a crumbly gel. 
It should be inspected, weighed (according to area and tapping team) and spread on stainless 
steel tables. Extraneous matter such as dirt and insects are manually extracted before the 
material passes through a coarse filtration to remove the smaller foreign matter. 

3.4.2 LiquilIcation 

The gelled latex is agitated at high speed with a shear stirrer in a vessel with baffles to 
prevent the addition of air into the liquid through the vortex formation. The material being 
thixotropic will change in consistency and become a milk like liquid. 
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3.4.3 Refrigerated Storage 

The liquid is purnped into insulated, refrigcratcd and scaled buffer tanks of 2,500 litres each, 
which should be located on a platform with the outlet nozzles 4' from ground level. These 
tanks are fitted with a slow speed anchor type stirrer to keep the additives in suspension. The 
temperature is lowered to between 2°-5°C using chilled water circulation, supplied from an 
ice bank system of 5 tonne capacity, to prevent deterioration of the product and filter aids are 
added to facilitate fast filtration. 

3.4.4 Filtrn(ion 

The liquid papaya latex contains the active solubcl cnzyne along with other insolubles 
consisting of guns, pctins, starches, sugars etc. I-or pro)luct refining, the insoluble fraction 
must be separated from the soluble. 

A series filtration is performed starting with a nutche filter to remove the coarser particles and 
most of the gums. The filtrate is then pmipcd to a tank equipped with a stirrer. Additional 
filter aids are added and a fine filtration is performed through a plate and frame filter press 
to remove all insoluble, suspended and visible matter. Finally, the clear filtrate, containing 

enzyme, is pumped to a buffer tank and sterile filtered using horizontal filters through filter 

pads. 

The residual cake from the nutche filtration and plate and frame filtration is collccted, mixed 

with water and centrifuged in a slow speed centrifuge to recover the residual soluble, active 

enzyme in the cake. The filtrate from the residual cake is added to the filtrate from the nutche 

filter and passed through the plate and frame filter. 

3.4.5 Concentration 

The thin filtered sterile liquid containing between 8-10 per cent soluble solids should be 
to drying. There arc two possibleconcentrated to between 40-45 per cent solids prior 

nethods of concentration : 

* low temperature vacuum evaporation, 
* ultra filtration using hollow fibre or membrane filters. 

Considering thc level of available skills, maintenance facilities and technological development 
in The Gambia, the low tenipcrature vacuum evaporation system is recommenided. Vacuum 
evaporation is a long established procedure requiring equipment with very fcv moving parts 
that is easy to operate and maintain. The vactum evaporator has higher energy consumption 
which is compensated by its reliability, sturdiness and higher concentration outputs. 

Ultra filtration is a relatively new procedure, the equipment being highly sensitive, 
sophisticated and easily damaged. Tile equipment is not repairable at site and whole modules 
need to be replaced. The recovery of product and concentration is lower than by vacuum 
evaporation. 

20 

N 



CargillTechnical Services Ltd FeasibilityStudy - A Processing Plant to Produce Refined Papain in The Gambia 

The recommended system consists of a single stage forced circulation evaporator, operatingat 500 kg per hour evaporation rate, with vacuum supplied by a steam ejector and barometric 
condenser operating at 15 torr. The thin stabilised liquid is pumped into the evaporator by
vacuum and heated in a calandria by steam. The heated liquid boils at a low temperature,
below 25°C, and passes into the tank part is toflash where of the liquid returned the
calandria. The vapour is removed by the vacuum line to the ejector and condensed in a 
barometric condenser. The thin liquid is concentrated by this method from 8-10 per cent
solids to 40-45 per cent solids after which the thick syrupy liquid is extracted through an 
extraction pump. 

The total steam requirements for the evaporation process arc: 

* 600 kg/hr for evaporation,
 
0 70 kg/hr for steam ejector.
 

3.4.6 Drying 

Many methods have been used for drying papain, however, the two most commonly used are 
low temperature vacuum drying and spray drying. 

Low Temperature Vacuum Drying 

The principle behind vacuum drying is that thermally unstable products can be dried at low 
temperatures without causing much degradation. Liquids boil at lower temperatures as the
degree of vacuum is increased. As low drying temperatures are required for producing high
activity papain, a steam ejector vacuum system capable of 2 torr with 40 kg moisture
evaporation/hr is recommended where the drying temperature will be approximately 5°C. 

The vacuum dryer consists of a reinforced chamber with hollow shelves through which hot
water can be circulated. The water is heated by steam in a shell and tube heat exchangcr and 
hot water is circulated using a centrifugal pump. Vacuum of 2 torr is created by a three stage
steam ejector system. The thick concentrated cnzyme is spread onto teflon coated stainless 
steel trays placed onto the hollow shelves and vacuum is created in the chamber. The product
is heated by addition of steam to the water circulating through the shelves. The temperature
is monitored by temperature probes inserted in the product and will initially be around 5(C.
The drying process takes between 6-8 hours, including loading/unloading, with temperatures
not exceeding 10°C. After drying, the trays are removed and the product scraped off and
pulverised to the required mesh in a stainless steel pin mill, before it is sieved and packed. 

Four vacuum dryers are recommended, with 60 trays of 0.25 m2 each on 10 shelves of 1.5 m2 
2each, totalling 15 m per dryer. Each tray will produce 900-1,000 g of finished product per

drying cycle which equates to an installed capacity of approximately 700 kg of finished 
product per day. 
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"Ilic total stcam requirements for the vacuum drying process arc: 

0 50 kg per hour for hcating, 
* 180 kg per hour peak load for tie ejector. 

Spray Drying 

The principle of spray drying is to convert the liquid into very fine droplcis and allow it to 
drop through a counter current of hot air. The liquid is atomiscd either through high pressure 
nozzles or through high speed centrifugal disc atomiscs. Thc drying temperatures, although 
very high do not usually damage the product as contact timc is very short. The powder is 
collected in a cyclonc separator and the fiucs in a wct scrubber. 

The entire operation of a spray drying plant is automatically controlled through a central 
control panel which also houses the motor control centre. 

Duc to the technical sophistication of the spray drying method and the lack of maintenance 

facilities in The Galnl)ia, it is not rccommended that this system be used. 

3.4.7 Boiler 

tube type, with a'[lie reconulendcd boiler to be installed is all oil fired, three pass smoke 

capacity of 2,000 kg/hr and with pressure at 5 kg/cn 2. In addition to the evaporator and 

vacuum dryers steam requirencnts (detailcd in sections 4.,.5 and 4,4.6), the gcncration of hot 

water for cleaning down purposes requires 50 kg steam/hr. 

3.4.8 Cold Storage 

Two types of cold room facilities will be required; one operating at -15 0C for storage of 

surplus latex and concentrated material which would be necessary in the event of a plant 
breakdown/temporary closure. Refrigerated storage of finished product at 5oC is also required. 
It is recommended that a cold storage room of 20' x 10' be installed with two temperature 
zones and having a total capacity of 5 tonnes. 

3.5 QUALITY CONTROL 

A quality control laboratory will be required for constant analysis of: 

0 	 samples of latex received at the factory to establish activity and total soluble
 
solids;
 

* 	 samples of the residual cake from the ciri fuge to ensure that maximum
 
activity has been recoverel;
 

* 	 samples of the concentrated material from the evaporator to verify activity,
 
solubility and total soluble solids;
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0 samples from each drying batch after grinding to ensure that the highest 
quality standard of product has been achieved prior to shipment. 

3.6 INSTALLED CAPACITY 

The plant will be designed to handle 500,000 kg of fresh latex per annum, averaging 2,500 kg 
per working day. However supplies will peak during the three months immediately after the 
rains. Based on 200 ha cultivated, latex yields could be as high as 6,000 kg per day for a 
short period. The recommended plant specifications have taken this into consideration. 

It is recommended that after two years of production, outgrowing is developed to compensate 
for the fluctuations in production due to the fixed replanting schedules. Outgrower planting 
schedules should be dove tailed into the project in order to maximise production capacity 
utilisation for refined papain. 

3.7 PACKING AND SHIPMENT 

To preserve activity, refined papain must be stored at low temperatures in airtight containers. 
30 litre fibre or plastic drums with polyethylene. linings and a nett content of 20 kg arc 
recommended. The air in the inner liner should be evacuated before closing. The product 
containing 4-5 per cent moisture stored at 10-5* C has a shelf life of approximately one year. 

As a high value product, refined papain is normally air freighted. There are frequent 
passenger air services from The Gambia to UK, Belgium and Switzerland. In addition, the 
British based freight company Redcoat which is established in Banjul, is introducing an 
exclusive air cargo service from The Gambia to Europe. 

3.8 SAFETY STANDARDS 

Papain, being a proteolytic cnzyme, requires careful handling and certain precautions need to 
be observed. Direct contact with papain both in latex and powder forms can cause minor 
-irritation of the skin under certain conditions. All personnel handling latex will be provided
with gloves and packing area staff will be provided with protective uniforms and masks to 
avoid inhalation of the dusty fines. 

3.9 INFRASTRUCTURE 

The region of the proposed site location is the major population centre of the country. It
provides all necessary infrastructure required including good road networks, excellent 
telecommunication facilities, and is within close proximity of the international airport and port 
of Banjul. Although municipal electricity and water supplies are available in the area, the 
planttion complex will generate its own energy and water requirements to ensure reliable and 
cost effective supplies. 

3.10 ENVIRONMENTAL IMPACT 

The cultivation of papaya under the proposed controlled conditions will have a positive effect 
on the immediate environment. The recommended pest control measures are environmentally 

23
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acceptable and the quantities of insecticides used will have no contaminating effect. The 
manufacture of papain, which is primarily a mechanical separation operation, does not require 
the use of solvents, chemicals or any other toxic or environmentally hazardous substances or 
processes. The waste from the process are diatonaccous earth and cellulose filter pads both 
of which are environmentally bencficial and dcgradablc. 

'['The plantation waste consisting of fitit, stem and leaves etc is cstimatcd at 22,000-25,000 
tonnes per year. Approximately 1,0()()t -(,())0 toites of fruit could be used for the manufacture 
of papaya purec/juice and the relailnilg waste should be used for comiposting. Weight loss 
after composting will be approximatcly 70)per cent, and this should generate between 5,000 ­
6,000 tons of suitable compost for the plantation. The cost of waste removal and transfer to 
the compost pits is included in labour ani transportation ovcrhcads. 
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4. FINANCLAL PROJECTIONS (USs) 

4.)SALES AND PR DUCII ON f 

SALES R 7 NV4 PAPABIN(KG) 

YEAR I YEAR2 YEAR3 YEAR 4 YEAR5 YEAR6 YEAR 7 YEAR8 

8,000 44,000 37.030 41,00 44,000 36,000 49,000 35,0A0 

YEAR9 YEAR 10 

47.000 37.00 t 

SLEYPRjcEExFACTORY(KG) so so 50 0 50 50 s,0 rs 

TOTAL SALES INCOME 

PRODUCTION 

PRODUC7ON REF.VED PAPAJIN (G) 

STOC A T YEAR END (KG) 

uft 

400.000 2-200.000 1.5o.oo Z .050,000Z200.000 1.800.000 2.450.000 1.70_00 2.350.000 1.850.000 

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR5 YEAR 6 YEAR 7 YEAR 8 YEAR9 YEAR 10 

8,000 45.000 37.000 41,000 44,000 36.000 49,000 35000 47.000 37,000 

0 1,o00 1,000 1,000 .00 1.000 1.000 .000 1,000 1.000 

O. 

ft 

TOTAL VALUE STOCKAT YEAR END 0 50.000 50,00 50.000 5,OO 50.000 50,000 50.000 50.00O 50,000 



.2 PROJECTED CASH FLOW 

Q 

INFLOWS 

YEARo YEAR 1 YEAR2 YEAR3 YEAR 4 YEARS YAMR 6 YEAR 7 YEAR8 YEAR9 YEAR 13 L, 

PROFITBEFORE TAX
ADD DERECIATION 

FUNDS GENERA TED FR OM OPERATiONS 

SHARE CAPITAL 
LOA'PDRAWDOWN 
IA"CREASEINACCRUEDLIABILTE.S 

TO TAL INFLOW 

0 
0 

0 

1.000.000 
1.500000 

" 500.000 

(I10.2501 
17.619 

(22-532) 

0 
1.000.000 

16.238 

993.607 

511.82 
350.475 

862.057 

0 
0 

15.170 

877.227 

3421(W 
350.475 

693.013 

0 
0 

(3.2) 

689.104 

564.595 
350.475 

915.070 

0 
0 

1.640 

916.710 

741.502 
350.475 

1.091.977 

0 
0 

1.2.30 

1.093207 

459.378 
333.G5 

73.004 

0 
0 

13.280) 

"769.724 

1.242.635 
158.075 

1.400710 

0 
0 

5,330 

1.456.04J 

667.619 
143.63 

911.257 

0 
0 

(5.740 

105.517 

1.208.892 
143.325 

1.352.217 

0 
0 

4.920 

1.357.137 

746.575 
15(4.842 

901.417 

0 
0 

14.100 

897.317 

'. 

, 

OUTFLOWS 

t, PURCII SE OF FIXED ASSETS 
PRE-.TAR T UPEXPENSES . 

PRE-OPERATING FINANCIAL COSTS
INCREASE IN.STOCS OFFI.NIS.ED PRODUCT 
INCREASE IN DEBTORS 
IVETMEN7rS IN PLANTA EQUIPME1.T 
LOAN REPA MEAT 
DIVIDENDS 

TOTAL OUTFLOWS 

NET CASHt 

1.369.882 
737.000 

300.000 

2.406.182 

93.118 

1.000.000 

0 
66,667 

0 
0 
0 

1.066.667 

(73.06 

50,000 

116.667 

0 
416.667 
300,000 

983.334 

36.106 

0 
(29.167) 

0 
416.667 
300.000 

687.50 

2.304 

0 

16.667 

0 
416.667 
450.00 

813.333 

33.377 

0 

12.500 
00.0ou 

416.667 
550.000 

1.079.167 

14.040 

0 

(33.333) 
u 

416.667 
20.i0* 

583.333 

186390 

0 

54.167 
0 

416.667 
475.000 

945.83) 

460.207 

(58.333) 
15.o 

0 
425.M 

516667 

28.50 

50.000 
180.0m 

0 
6750JU 

905.000 

452137 

0 

(4I.6,7 

150.000 
0 

475,X 

583.333 

391 

14 

CASH B./FWD 93.118 20.058 12.952 16.256 49.632 63 63 250.063 710270 999.12 1 451258 1.765.241 
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4.3 PROJECED PROFIT A LOS ACCOUT 
. 

REVENUE 

SALFS COME 1400.000 2.200,00 u~sooo 2.050.000 
2 1.850,0002.050.000 

2.200.000
2.20.000 

1 00,oOO1800000 2.4 50.000Z450.000 1.750,0001.750.000 2.350.0002.350.000 1,850.000?1.50,0 
OPERATING EXPENSES 
FACTORY COSTS 
PLANTATION C057S 
OERME,4D COSTS 
PERSONELLBoUR 

0 
3000 0 

1369,082 0.DO 
730000000 
737L 00,000 

0,.. 
5000 

0 

5000 

0 
0 

0 

000 
0 
0 

0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

-
1. 

GROSS OPERATING PROFIT Z006,W 1,212.057 1.800000 2.050.000 2.20.000 1.800,000 2.450.000 1.750.000 2350000 1,850.000 
DEPRECLA TION 
IDTERE TONLONG TER _.BDT 

87.619 

0 

350,475 

0 

350,47' 
416,667 

!50,475 
416,667 

350,475 
416,667 

313.625 
416,667 

158,075 
416.667 

143.638 
4 "X-.667 

143.325 
0 

154.942 
0 

NErrPROFIT 

CORPORATIONTAX 

D ErD.S' 

2.54.501) 

0 

0 

511.582 

0 

300.000 

1.032.858 

0 

300,000 

1= 2.858 

0 

450.000 

1.432.858 

0 

550.000 

1,069,708 

374,398 

200,000 

1,875,258 

6S6,340 

475,000 

1.189.695 

416.393 

425.000 

2206,675 

772,336 

675,000 

1,695.158 

593,305 

475000 

RETAINEDEARNINGS 10.250 215 42608 S4.-- 191.502 259.3781 767.635 24Z619 533.892_ 271.575 Et 

ft 
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4.4PROJECT-D BAL.ANCESnET 

ASSETS 
YF.AR. YAR2 Y.A] YE. 4 YEAR E5 IEAR6 YEAR7 SARIb vAR 9 YEAR IO 

FL)XD A4SSETS 
LAND 
BOLEEHOLES 
DR IRJGATION 

IFACTORJL7LDING 
1EXPATR.ATEHOUJINGIPLU¥hATIONEQUIPM r 

PRODUCTIONEQU'7PAWPET 
VEHICL -PLANTATION 

-'FEMCLES 
OFFIC FURNTTJRE .AEQUIPMENT 
TOTAL 

5.00 M w 20(M zova z~o.0250.0W 250M Z30L1D 20200) 3W 20) 23W 3") 20 
.95.000 275.WO 25. ) 235900 21 5.0o 195.000 175.Ju 15.33, 135.0Wj 165.0 

297.834 m.42 237.450 237.Z5 217.050 196.373 176.651 15b,489 135-97 165.105 
198.000 190.0w 1t2. 174.0 166,000 15500) 150W.or 42.rW) 184.W)m 1740rj 
247.500 237._0 :217., 217 

-
.0 207500 197,01 I , .3 182.500 171.90)

149.467 139.333 19."00 119.067 105.933 98.300 91.667 :18..33 115.067 101.6w 

737.500 697.5W0 6317.530 317.50 53.3500 417.,00 437..0 4917.30 530.533 467.50 
96.250 51.230 66230 51.20 111_30 85.M) 55.10 4123, 30.W) 43,'30 
41.123 40.625 33.15 25.A25 43.125 31.15 20.C235 1370 10000 31 "30 
14.438 12.113 9911 7.695 5.438 3.115 93s 0 15.UO0 12.750 

Z334.1132.191.039 2 .47962 114.557 1. 61.11 1.703.736 1.545 (.6) 152.,3. I1.5667 1.353.35" 

I%7A.ANIBLEASSE7S 
:PRE-OPERA TING COSTS 
IPRE-OPERA TING FINA .M L COSTS 
f TOTAL INTANGIBLEASSETS 

700.150 552.750 403.350 27,950 100 0 '3 ¢ 0 0 
285.000 -5.0O 165.000 105.000 4 V") 0 63 o 
985.150 77--.) 570.350 36_950 155.50 0 0 0 

iSTOCKS- FINISHED PRODUCT 
IDEBTORS 
ICASH IN BANK 

TOTAL CURREATASSETI 

0 50.0w9 50.00 10503030,00 3.W) 3O.'19 30.O,) 3.0.) 30.0 7 
66,667 1,3333 154.167 1,,J33 153.333 150.000 204.167 145.133 195,933 134167 
20.035 13952 16.23.t 49.632 63.673 230o.63 710.171, 999.121 1431_258 1.765-41 
86.725 247l.:35 220..23 270.465 297.(46 450.063 964437 1.114954 I.597!)9 1.9& 40a1 

TOTALASSETS 3.405.965 3.216L73 23I.T35 2.3130 2.314.3635 2.1:3.799 .I'1l . 46.97L 3.25.755 3.5.263. 

I.LIABfILt'MES 

!s14iECAPITAL 
IRETAI.%EDEARNFNGS 

TOTAL 

1.0.Yr o~oo 1000 

IO00.000 1.000,0 I.O00.OJO1.000.0i 1.000.000 
1110.2301 101.331 143.939 232.534 450.036 709414 1,4-7,049 1.719.661 .23359 2.25.134 
889.750 1.101.31 1.143939 1.3.2345.430.036 1709.414 2.417,1,9 2.719661 32.53.559 .32. I }4 

-M 

CURAENTLIABILMTIES 
A CCR. ED LIABILITIES 
TERM FINANCING 
TOTAL CURRENT.TLIAILI7ES 

16.235 31.405 2.128 29.769 30.998 2.11 33.045 27.0 3 022 28.123416.667 416.667 41 667 416.667 416.667 416.667 0 0 . I 
432.905 442.075 44-.795 446.415 447.665 4.435 13193. 27.3G8 32.$18 2i.1l2 

LO.G 'ERJI LI.AB LITIE. 
TE WIFINANCING 

ITOTALLONGTERAILIAILITF 

iTOTAL LIABILITMS 

2.053.333 1.666.667 12"00 13.333 416.667 0 0 0 0 0 
2.083333 1.666.667 1.2.000 133.333 416.667 0 0 0 0 

3.405.983 3216.073 2.135.734 2u3.303 2314.367 2.153.799 2.510.097 2.746976 3.15.71 ].533.263 

" 
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4.5.3. PERSONNEL COSTS 

PLANTATION PERSONNEL 

EXPATRIATE (INCLUDING LOCAL ALLOWANCES) 
PLANTATION MANAGER 
ASSISTANT PLANTATION MANAGER 

LOCAL 
SUPERVISORS 
PLANTATION LABOUR (PERMANENT) 
TAPPERS (PARTTIME CASUAL LABOUR) 
TOTAL 
FACTORY PERSONNEL 

EXPATRIATE (INCLUDING LOCAL ALLOWANCES) 
PRODUCTION MANAGER 
ASSISTANT PRODUCTION MANAGERJL.AB. SUPERVISOR 

LOCAL 
SUPERVISOR 
BOILER OPERATOR 
ELECTRICALIMECHANICAL ENGINEER 
WORKSHOP MANAGER 
SKILLED LABOUR 
SEMI- SKILLED LABOUR 
UNSKILLED LABOUR 
TOTAL 
MANAGEMENT AND ADMINISTRATIVE PERSONNEL 

EXPATRIATE 
MANAGING DIRECTOR 

LOCAL 
SECRETARY 
SECRETARYIRECEPTIONIST 
FINANCIAL CONTROLLER 
INVENTORY CLERK 
PERSONNEL MANAGER 
ASSISTANT PERSONNEL MANAGER 
PURCHASE/EXPORT MANAGER 
DRIVER/MESSENGER 
SECURITY GUARD 
TOTAL 
90TAL PERSONNEL 

NUMBER 
_ _T__U_ 

1 
1 

19 
13 
340 
499 

1 
1 

3 
2 
1 
1 
6 
5 
3 

23 

1 

2 
1 
1 
1 
I 
1 
1 
I 
6 

16i 
531 

ANNUAL 
SALARY_ 

1966 
14,333 

3,333 
500 
2781 

37.111 

18,667 
14,333 

913 
4,000 
4,000 
4.000 
4,000 
2,000 

500 
52,413 

42,000 

3,200 
2,400 
6,667 
2,400 
5,333 
4.000 
2,400 
1,333 

667 
70,400 

k.924 

SOCIAL 

BEFITS (I
 

0 

333 
50 
28 

411 

0 
0 

91 
400 
400 
4C0 
400 
200 

50 
1,941 

0 

320 
240 
667 
240 
533 
400 
240 
133 

67 
2.840 
5,192 

SUB TOTAL 

19,667 
14,333 

3,667 
550 
306 

37,522 

18,667 
14,333 

1,004 
4,400 
4,400 
4,400 
4,400 
2,200 

550 
54,354 

42,000 

3,520 
2,640 
7,333 
2,640 
5,867 
4,400 
2,640 
1,467 

733 
73,240 

165,116 

-TA 

1966 
14,333 c, 

69,667 
75,900 

103,039 
282,456 

18.667 
14.333 

3,011 
3.00 
4,400 
4,400 

26,400 
11,000 
1,650 

92,661 

09 

r% 

42,000 

7,040 
2,640 
7,333 
2,640 
5,367 
4,400 
2,640 
1,467 
4.4001 

30,427 
45S43 

-
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4.5.4 ASSEScawz.M Z 

I.'VES4 

LAND 
BORE HOLEC 

2PRJGATJ 
EATRIATE HOUS2I'G 
FAC oRYBLLDr6,-
P -ANTATIONEQL1PM 

-

PPOD LnONEQLflpmeNT
VEEUCL.ES.PnA-TA7f.O 
VEH2.ES 

-FICE "'IJ E E1AP%..- "r 

I 

250000= 
30.000 
302.832 
200.000 
250.000 
132.000 

750.000
100.000 
5000 
5 0 

RAT-

6.6% 
6.6% 
4/. 
4% 
66% 

66 ­
5% 

25 

YEAR 3 

I 

1 

f 

YEAR 4 YEAR 3 YEAR. a 

I 

I.0 
3.000Woi 
50 

. YEAR 

I250 

I 

YEAR It I 

0.00. 

YEAR 9 

50.000 i 
.ooooo. 

uco 

1,OO00I 

=-A. c 

0 

0.000 

sOD 

tOTAL 2IN EXE.NES 
P +'OP PAIP33PlNl7E 2.369W1 1 ' ' 2 0 

% !2. 

UTAL 
PRE-OPERATING FINANCAL COSTS30 

~ 2 
20% ___,,_' 

27 

CPLA'TATION 

AYO,
S ,oR. 
DRipAIP JGATrON 

A'hATE HOUS1NG 
FACTORY BLLDING 

EQL"PM T 
PRO5UCION0.000 

V'E0 -S*PLL.-r^rON 
VEW . & 

OFFICE Ft. NTMLR& EQ 
PREOPERATING COsr 
PR PERAnlNG Fs. .,..a. 
2DTAL 

PMENT 

COM 

IEPREEARl I I 
5 
5.041 
2.000 
2.510 
2.533 

3.750 
1..75 

561 
36.550 

1 1.OO 

YE.Ai6.2 YEAR 3 YEAR+ YEAP
20.00 20.000 20.00,: 22.000 
20.0192 0.192 20.2192; "o.92 

.OOo 0,000 S,0o0! 0.000l 
10.000 o.v00 IO.2.000 0 Vh5 
10.131 10.133 310.1331 0.133 

50.000 3*.'0" S0.00 
15.000 1000 1 2.0. 15.,001 
7.007. ,! 7. 501 
1.250 -5401 '.250:, 2.250: 

147.400 147.4001 242.4o,, 2 7 t,0, 
60.00 60002 1.4,0 60 

I W XS024751 20-0.475 722,45 3 

VEA;, t, YEAR. YFAHR 
20.000 20.000: 20.oo 
20.292 20.1921 20.19210.192 

2.000 6.0001 8.D00 
216.090 2lry00 .I0O0 
Io.I23 )0.l311 10.132 
50.0001 50.00 0.00 

26.250 26.2$0' 17.000 
2.250 22.0 0.975 

2.205o 9.1 
220."', 2W" 
4200 02 ol 

145212S C?05 1416361 

YEAR ', 
20..,0 

S.Lol, 
20.2 : 
13.46 

S6.b67 

1.20 

c 

' 
2422 

.­
2 .0 
20.92 
I0.0ow 
27 bI 

3.76, 
63 

. 
y.7s0 

0­
_. -

i.n 

OOK.VALUES 
O% OLES 

DPIP 2R..IGATION 

EXPA2R.ATHOLMSNG 

YEAR I I 
29.000 
297.134 

290.000 

YEAR2 i YEAR I I 
273 55.0001 
277.642 237.4SI0 

1290.0,G 12.0 

YEAR 4 
235.000 

237*25 : 

174.000 

YEARS I VARO YEAR ? YEAR I 
7 95.000, 175 0001 35.0 

217.065 196.1731 27o.6611 256.439 

266.000 2531.000!1 50.GWI 1.22.000 

Y7E.AR9 
.00 

136.2971 

240001 

A. 
I.00 

160.105!
274.OOWI 

O47.500 137.5001 20 2:7.50 207. 1.5 009.230 177500 :1227. 7. . 
P RO " TIONN 

MDCT E.SPLAT 
VE06CS-PLAN-AT1 
VEHICLES 

CEtRRTrURE& EQ 
l 
.. r 

PRATING STS 
PERATIlNG F'Ad40,2. OS'3 

ETOTL 

49.467 

737,500 
%.250 
43.12 

4.433 
750.250 
215.001 

3.069.2631 

139.333 

'07.300 
02.250 
40.625 
2s 
52.730 

223.0OO 

2.711.71I 

122,20 0 119.067 

6,7.500i 537.500. 
66.250 51:.230 
33.125 25.623 

t311 7.681 
43.3 501 257.9501 
165.000 205.00.,, 

2.361312 2.017.1371 

10 .933 ! 

537.5W 1 
1231.2501 
43.12 

5.453 
10.5501 
4.000 

2.767361 

93.800, 

407.5001 
&%0W 
31.751 
3.205, 

0 

1453.7361 

$ .6671 

431,5001 
5.7%001 
20.625 

93 
ol 

O 
2.292.6.'.2 

128.3 3 

417.500 
41.20W 
23.330 

1 0 
o, 
1 

2.302.0221 

125.0671 

530.813, 
0,U0 

20,000I 
15Ct); 

oo 
0OI 

2.10697 

20I oo0 

467.5W., 
3 750 
I..30! 

I1.7501 

. 35i.. 

............................... 
(' 

v"s 
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MI 
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100,00o 
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4-17 FINANCIAL A14DINVENTORY ASSUMPTIONS 

TOTAL PROJECTCST 

FNANCED BY:&"UITY 
LONG TERM LOANS 

3,500,000 

1,000.000 
2,.500.000 

-

LOAN DRAW DOWN 
REPAYMENTS 

INERESTAT F0% 

PRE-OPER 
12 MTHS 

.00,000 
ONAL 
6 MTHS fw --RI YEAUR 2 

0 250.000 

MO000 50,000 

PR 
YEAR 3 YEAR4 1 

230,000 250.000 

25.(TO 100000 

YEARS5 
II

250.000' 

5000 

EaR6 YER? 

25000 250,000 

50.000 25.000 

MNT 
YEARSI 

0 

0 

EES 

LOAN DRLAWDOWN 
1.000,000NREAENTS 

0 166.000 166,667 166.667 1660667PRODUCTIlON AND SALESYEAR I ASSUMES 3MONTHS TRIAL.PRODUCTION. 3 M(ONTW SALESAND 3 MONTHS DEP.CIATIOeI 
DEBTORS: I MONTH SALES
ACC3LUEDUABILUTIES: I MONTH OVEJSEADI)PLANA1IO"/RODLXflON COSI 
CORPORATE TAXES: ASUMES THATTHE COMPANY WILL BE GRANTED ThE INVEST),4T INCLEnTVES UNDER THE GAMBIA DEVELOMENTACTOf 

CASH IN BANIL ASSUMES NO DNTERMTON DE.SoTS' 

166.67 

293 

166.667 0 



ANNEX I
 

SOURCES AND REFERENCES
 



U.S.A.
 

Client Location Contact 

Ask Ingredients New Jersey Mr. Rohit Kripalani 

Ampak Co. New York Mr. Amarish 

Botanical Int. Inc. California Mr. David Solomon 

CAL India Foods Int. California Mr. Vick Rathi 

Chart Corporation New Jersey Ms. Claudia Blum 

Enzyme Development Corp. New York Mr. Jack Haim 

Mareor Development Corp. New Jersey Mr. Hans Eugster 

Mcer Corporation New York Mr. Pat Leporc 

National Stabilsers Inc. California Mr. Bob Burger 

Penta Manufacturing Co. New Jersey Mr. Eposito 

J. Siebel & Sons Chicago Mr. George Sheppard 

Spectrum Chem. Mfg Corp. New Jersey Mr. Mark Hurd 

Weinstein Chemicals Inc. California Ms. Aileen Watanabe 
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E.E.C. 

Client loca(inn Contact 

Biocon Irclaiid Mr. Michael Woulfe 

Biocatalyst Wales Prof. Tony Godfrey 

Rhone Poulenc Chcnicals England Mr. Torn Delaney 

Murphy & Sons England Mr. Stephen laile 

Eurolrading Produce IUd England Mr. Alistair Todd 

Direct Tca Supplies England Mr. Brian Judd 

Enzymase Int. S.A. 1Helgitin Mr. Rcne Bcnhassat 

Klcgingcr !'clgium M r. R. Peclers 

New Biolux Bclgium Mr. Danny Tas 

Rapidase-Wallerstein France Mr. R dc Coker 

Ste. de Prod. Chen. Ind France Mr. Lochon 

Schmitt Jourdan France Mr. Schmitt 

Franco-Chim France Mr. Paloux 

Schluter & Co., Swiizcrland Mr. Joll Schluter 

Otto Brandcs Grmany Dr. Luckcn 

Heilnrich Anihrosius Germany Mr. J Ambrosius 

Gist Brocades The Netherlands Mr. Anton Mayer 

JAPAN 

Mitsui & Co UK Rep. Office Mr. Nishida 

Mitsubishi Corporation UK Rep. Office Mr. R. Alexander 

C. ltoh UK Rep. Office MR. G. Daniels 

Toslioku UK Rep. Office Mr. Kama 
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ANNEX I
 

SOURCES AND REFERENCES
 

A. Publications
 

Tropical Products Institute: The Market Potential for Papain (UK)
 

Economic Botany: The Production of Papain (UK)
 

Agricultural University, Wageningcn, The Netherlands: Food Enzymes Prospects and 
Limitations 

Patent Specification: Method for Processing Papaya Latex, and Product Obtained 

Tropical Science: A Review - Production and Utilisation of Papain
 

Food Chemicals Codex (US)
 

Process Biochemistry: Refined Papain
 

Enzymase International S.A. - Company Literature for Refined Papain
 

Hwang & Ivy University of Illinois, Chicago - Review of Papain
 

B. Government Agencies 

National Research Institute (UK)
 

Central Food Technological Research Institute, Mysore, India
 

Eurostat (EEC)
 

U.S. Dept. of Agriculture
 

U.S. Department of Commerce
 

Japan Export Trade Organisation (JETRO)
 

H.M. Customs & Excises
 

U.S. Customs Services
 

C. Trade Associations/Industry Sources
 

1) Brewing 

The Brewers Society (UK) 
United States Brewers Association 
The Breweries Association of Japan 
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2) Pet Foods 

The Pet loot Mtnffacturcis Associathmi (UIK)
 
l'ct Care Europe (Division of Mars International Inc.)
 
'lTe Pet Food Institutc, USA
 

3) Meat Tenderisation 

Thc Meat and Livestock Commission (UK)
 
The American Meat Institutc (USA)
 
Swift & Co. (USA)
 

4) Food Additives
 

Distillers Company (Yeast) Limited, UK
 
Kraft (US) (Yeast FExtiact P-olucts)
 
Institute of Food and Technology (US)
 
Ministry of Agriculture, Fisheries & Food, National Food Survey (UK)
 

D. Processors 

Jain Plastics, India Mr. R.B. Jaiii 

Enzochcm Laboratories PVT, India : Mr. Warma 

Enzymase Intcniational S.A., Belgium: Mr Renc Benbassat 

Reco Industries, Uganda: Mr. Rwabwogo 

E. Intl orters/DlistrlIbters/Nlntifacturcrs of Papain Enzyme Preparations 

le following list of importcrs/distributors and manufacturers of papain enzyme preparations 
were contacted by fax (sample qucstionnaire attached) and/or telephone. In the case of Japan, 
where all imports of refined papain are made through the major trading companies, marketing 
information was obtained through tile assistance of their UK represcntative offices. 
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To: 

Date: 

Attn: 

We are currently undertaking a feasibility study for establishing a papaya cultivation and 

refined papain processing plant to be located in West Africa. 

would be grateful if you could fill in the questionnaireIn order to assist our research we 
below and return to the above fax number. 

What are your annual requirements for refined papain 

What price are you currently paying per kg C&F for refined papain 

From what source/country of origin are you obtaining refined papain 

Would you be interested in obtaining refined papain from a new supplier source. 

Other comments: 

Thank you for your assistance and we shall advise you as and when the plant becomes 
operational. 

C.F. Street 
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F. MEETINGS CONDUCTED IN THE GAMBIA BY Mr. P. JOHN 

I. Water Analysis 

Director of Water Resources Dept., - Mr. S. Johnson
 
Banjul
 

2. Soil Analysis 

Manager of Soil Chemistry Laboratory - Mr. Sheriff Njic 
Dept. of Agriculture, Banjul 

3. Pests & Diseases 

Director of Agriculture Pest Managcn1l't Unit - Mr. 1iakary Trawally 
Dept. of Agricultural Services, Yunduthn 

Technical Advisor - Dr. Shamia 

Dept. of Agriculture, Banjul 

4. Bore Hloles 

George Stowe & Co. Ud, representative in The Gambia - Mr. D.W. Clarke 

5. Construction 

Taf Construction Ld.
 
General Manager - Mr. Mustapha Njic
 

6. Accountant 

Mr. Augustus F. i'rom 

7. General 

Radvill Famis 
Managing Director - Rohit Shah 
Farm Manager - Mr. Axel Pedersen 

Former engineer of Citro Products Ltd., - Mr. Reynold Carol 

Agricultural Consultant - Mr. Pa Gaye 
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ANNEX II 

PROFILES OF CONSULTANTS 

Mr. C.F. Street 
Nationality: British 
Date of Birth: 	23rd October, 1939 

1986 - Present: Arinor Limited - Managing Director 

Specialist responsibilities include trading and marketing, in Europe and the U.S., of a diverse 
range of natural products with special emphasis on enzymes in particular papain, bromelin 
and ficin; spices (ginger, chilies, tumeric) and spice extracts; black pepper oleoresin, ginger 
oleoresin, chili oleoresin; essential oils from spices and other natural_ materials. He was 
responsible for the feasibility studies for a liquid and powdered papain product for the food 
industry, which was successfully introduced into the U.K. market and a pre-feasibility study 
for establishing a papaya plantation for the production of purified papain powder in Nigeria. 
He has also advised on papaya latex collection in Sri Lanka for an existing plantation. 

1976 - 1986: 	 Biddle Sawyer & Co. Ltd - Technical and Marketing Director,
 
Natural Products Division
 

Responsibilities included; the marketing of papain and other enzymes, spices, essential oils, 
herbs, gums ,waxes to the food, chemical, perfumery and allied industries in Europe and the 
U.S.; management of a small research and quality control laboratory; market research and 
development of new product areas; pilot plant studies and laboratory studies for the 
formulation of new products. In particular, he was responsible for long range financial 
planning and preparation of the annual budgets for his division. 

1972 - 1976: 	 Brooke Bond Liebig Commodities Ltd - Director of Marketing
 
and New Product Development
 

Responsible for; market research projects involving the sale of food ingredients to outside 
industries; liaison with research and technical development departments in the group; budget 
and costing reviews for the company's new products development. 

1964 - 1972: 	 Glaxo Laboratories Ltd. - Technical and Research Manager 

Responsible for studies on the spray-drying of milk based foods, including product 
development form pilot plant through to full production and pilot plant studies on other 
methods of dehydrating foods, including drum drying, fluid-bed drying and freeze-drying. 
He developed a new method of spray-drying milk to achieve a semi-instant product. 

Mr. Street obtained his B.Sc. (Honours) in Nutrition and M.Sc. in General Biochemistry from 
the University of London. 
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Mr. Philip John 
Nalionality: Indian 
Dale of Birth: 121h July, 1947 

1985 - Present: Tcchnical Consultant 

Specialist consultant in all aspects of estahlishing manufacluring units in the field of enzymes
 
based processes, olcoresins, csscntial oils in India. The assignments have involved providing
 
a complete technical evaluation of thc plant required, equipment specifications, design and
 
sourcing, recommended processes and nicthoro!ogy and technical assistance for project
 
implementation.
 

Major Clients of successful installations in India includc: 

Encee Aromatics Pvt. Ltd. - Purified papain processing plant 

Indo Nissin Foods Ltd. - Food cnzynics research, including papain 

Accelerated Freeze l)rying Co. Ltd. - recOMmnentIedL iniproVClCntS to existing papain 
processing plant and advised on spray drying techniques 

l)hamayanthi Oleo Exports - Ginger, chili alld tunicric oleoresin and essential oil plant 

Geekay Agro Valley - papaya cultivation plantation for the production of crude papain 

Chemmannur Extracts Pvt. Ltd. - Ginger, chili and tumeric olcoresin and essential oil plant 

G.K. Industries - Gingcr and chili olcoresin and essential oil plant 

Amalgam Foods Ld. - Sea food extracts plant for the extraction of flavour components using
 
enzyme technology
 

lie has also developed improved processes for the extraction of spice oleoresins and essential
 
oils, with particular emphasis on ginger and chili, for Brooke Bond, India.
 

1979 - 1935 

Founded Tropical Enzymes Pvt. Utd., for the manufacture of purified papain powder.
Successfully imported and implemented the technical know-how from Belgium for the 
manufacture of fully refined papain and exported the product to Australia, Belgium and U.K. 

1970 - 1979 Shav Wallace & Co. Lid, India 

Joined Shaw Wallace & Co., as a management trainee and in 1973 established their export
division for the marketing of adhesive products and other cllemicals. He was posted to 
London in 1975 as General Manager of Shaw Wallace Overseas Ltd. Activities included 
sales of all Shaw Wallace products into Europe and the U.S. and responsibility for all import 
rcquirements of the operations in India. He identified new areas of opportunity for high value 
agricultural processed products, particularly in spices, and researched and advised on 
extraction techniques for implementation in the parent company. 
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Mr. John obtained his engineering degree from the University of Madras, and Marketing
qualification from the Institute of Marketing, London. 
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PRODUCTION AND REPLANTING CHART
 



PRODUCI7ON1AND RUPL4NTDG aHl r 

MONHSL 

1 2 3 4 1 6 7 I to it 12 TOTALPROD 

YEAR 1(6 40THS) 

P4PA7N YIEL.D GS) 4171 13. 2X" 1.667 2083 2.500 8.750 
NO. HCT3. PLANTED 20 40 61 go 1oO 120 _ 

YEAR 2 I_ I__ 
PAPAN YIELD ('KCS) 2917 3.33 3.750 4.167 4.367 4.167 4.167 4,167 4.671 3.750 3.333 2.917 45,002 
NO. 4CT. PLANTED 140 1601 180 2001 200 200 2001 200 2011 I90 160 140 
YEAR3 I I 
PAPAIN YIELD (0KGS 2.00 2.0131 1.667 2.013 2.0 2.917 3.333 3.750 4.1671 4.1673 4.167 4,167 37.50 
NO. HIM. PLANTED 120 100i s0 00 120 140 160 It 2 2001 200 20o 
YEAR 4 1_1_ 
PAPAD4YIELD (iGS) 4.167 4.167, 4.167 4.167 4,167 4.367 3.730 3.333 2.913 2.500 23 .17 413.252 
NO HCr P _TED 20o 200! 200 2 200 200 1,0 1 6 14 320 t0 
YEAR5Is 
PAPAIN YIELD 4(GS) 2.093 2.N0 2.917 3.333 3.750 4.1671 4.167 4.167 4.16713 4.167 4.167 4.167 43.732 
NO.HCT5. PL.A,TED 
YEAR 

100 1201 340 160 Ig0 200f 20 22 02!I 2003I 200 200 

PAPAIN YIELD (KIGS) 4.167 4,1671 4.167 3.750 3.333 2.917 2.300 2.083 I.6731 2,013 2300 2.91'7 36251 
NO. H4C'TPLANTED 200 200 200 310 160 140 120 10< 1001 120 140 
YEAR 7 - I- I 
WAIN YIELD (KOS) 

NO. HCTS.PLANTED 
3.333 

160 
3.75W 
380 

4.167 
200 

4.167 
2m 

4,167,j7 
200 200 

4.167 4,, 
200 1_ 

1,67 
_ 

4, 4.1671 4.167 
2 

4.167, 
200 

4..753 

YEAR# 3 2.5001 2 
PAPA104YIELD (KGS 
NO. HCT& PLANTED 

3,750 
It0 

3,337 
t60 

2.917 
140 

1201 2,083 
100 

307 
s0 

2.013 
100 

2300 
120 

2917 3.333 
160, 

3.750 
10 

4.167 
ZO 

33.000 

YEAR9 __4,1_ 7 
PAPA3NYIELD (KGS) 4.1 .:67 4 4.167 4.167 4.167 4,167 4J7 3.750 3.333 2.917 47.503 
NO HCTS. PLANTED 200 200 200 200 200 200 2"0 2 " It o 3! 14 
YEAR 0 - 2.083 160 

APAIN YIELD (KGS) 2,500 2.083 1.667 100 2.500 2.97 3333 3.70 4.67Z 4.1671 4.1671 4.167 37,03 
NO. HCT. PLAN4TED 120 to to 120 40 160 1" 2n 2004 20 2o 



NOTES TO PIROI)UC'IION AND Ii LAN'I'ING C]IART 

Production of rcfined paplin is hased oil the followlg assumptions: 

No. of trees planted per hectare: 2,000 
Average latex yield per tree: 1.25 kg per annum 

Latex after proccssin yields 10 per ccnt refined papain 

Replanting cycle is based on the following assumptions: 

No. of ha planted per mionth: 20 

Tee cultivation period until first latex yicld: nine lolnlhs 

Average duration of latex ycild: 15 months 

Replanting cycle: 24 months 
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ESTIMATED PAPAIN YIELD 
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ANNEX IV
 

SPECIFICATIONS AND STANDARDS
 

Assay: 	 Not less than 6000 N.F. units of papain activity per mg. (Note: One N.F. Unit 

of papain activity is the activity which releases the equivalent of 1 mg of 

tyrosine from a specificcd casein substrate under the conditions of the Assay, 

using the enzyme concentration which liberates 40 mg of tyrosine per ml of 

Standard Solution) 

Loss on drying: not more than 7 per cent 

pH of a I in 50 solution: betwccn 4.8 and 6.2 

Limits of Impurities: 

Arsenic (as As): not more than 3 parts per million 0.0003 per cent) 

Heavy metals (as Pb): Not more than 10 parts per million (0.0001 per cent) 
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ANNEX V 

METEROLOGICAL CHARTS 

Rainfall (mm) for Gambia, averages over the priod 1982-1991 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct NoT Dec Total NR 

Yandum 0 0 0 0 0 51 214 312 191 49 1 1 817 9 

Rainfall (mm) for Yundum Airport 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dcc Total 

1982 0 0 0 0 2 26 261 312 141 106 0 0 848 
1983 0 0 0 0 0 19 115 193 88 9 0 0 424 
1984 0 0 0 0 0 187 132 185 123 34 5 0 666 
1985 0 0 0 0 0 19 380 313 198 34 0 5 949 
1986 0 0 0 0 0 34 47 406 215 66 0 0 768 
1987 0 0 
 1 0 0 44 135 292 231 98 0 0 801 
1988 0 0 0 0 1 22 383 547 215 55 0 0 1222 
1989 0 0 0 0 0 157 242 347 340 48 0 0 1135 
1990 0 2 330 213 140 265 824' 
1991 a 0 0 0 0 0 178 192 152 23 0 0 54 

A76 0 0' 0' 0" 0 51 214 312 191 49 1' 1' 817" 

Rainfall (mm) for Gambia, Averages over the period 1951-1990 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Nl 

Yundum I 1 0 0 4 67 250 391 282 81 6 1 1101 36I 

Source: Department of Water Resources, Banjul 

Yundum Relative Humidity %41-Year Normal (1950-90) 

Month Mean Max Mean Min Mean 

Jan 82 22 57 
Feb 83 22 53 
Mar 86 25 57 
Apr 86 31 64 
May 90 42 71 
Jun 92 53 76 
Jul 94 65 83 
Aug 96 67 87 
Sept 96 51 87 
Oct 95 58 83 
Nov 94 40 73 
Dec 88 27 59 

Source: Department of Water Resources, Banjul 
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Sunshine Duration (hours) for Y'undum Airport 

Year 

1984 

1985 

1996 

1987 
1988 
2989 

1990 

[Avg 

Jon 

6.8 

6.0 
7.7 

7.6 
7.0 

7.0' 

'cb 

.. 

9.3 
10-

'" 

6.4 

8.7" 

Mar 

8.4 

5.8 
9.1 

9.2 

7.6 

8.0* 

Ajor 

9.1 

7.9 

6.5 
8.7 

85 

8.1, 

May 

86 
7.4 

9. 

8-5, 

Jun Jul 

4,6 6.1 
5.9 50 
6.8 6.3 
6.4 68 
6. 

778.0* 

6.3' 6.1' 

AuX 

7.2 

5.1 
5.2 

5.9 
4.7 

5.6' 

%cp 

6.2 

" 

7.6 

6.5' 

Oct 

7.4 

7.5 
7.9 

..j 

'7.0 

7,7' 

Nov 

8.2 

8.8 

8.0 
8.4 

7.5 

8.2' 

Dte 

5.8 

6.3 

7.9 
8.0 

7.0' 

Tot.al 

7.1. 

6.7 
7.3' 

7.4' 

." 
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ANNEX VI 

SOIL ANALYSIS 

Yundum Soils Laboratory - Soil Analysis Results 
Tray 4 

Tray 

78 
78 
78 
78
78 
78 
78 
78 
78 

78 

Box 

9 Philip John, 
10 Philip John, 
11 Philip John, 
12 Philip John,
13 Philip John, 
14 Philip John, 
15 Philip John, 
16 Philip John, 
17 Philip John, 

18 Philip John, 

Sample Identification 

Citro Field-Brikama. Site 1 
Citro Field-Brikama. Site 2 
Citro Field-Brikama. Site 3 
Citro Field-Brikama. Site 4 
Citro Field-Brikama. Site 5 
Citro Field-Brikamna. Site 6 
Citro Field-Brikama. Site 7 
Citro Field-Brikama. Site 8 
Citro Field-Brikama. Site 9 

Citro Field-Brikama. Site 10 

Soil pH 
Water 

1:2 

5.0 
6.8 
6.5 
5.7 
6.0 
6.2 
6.1 
6.0 
5.7 

5.4 

Soil pH 
.01 CaC12 

1:2 

43 
6.7 
5.7 
4.6 
5.0 
5.7 
5.3 
5.4 
4.7 

4.4 

EC 
mmhos/cm 

1:2 

0.28 
0.15 
0.05 
0.02 
0.05 
0.04 
0.04 
0.05 
0.02 

0.04 

Bray-I 
Avl.P 
ppm 

3.6 
11.0 
5.8 
3.0 
4.8 
9.2 

26.0 
5.0 
5.0 

9.5 

Nh40AC 
Exch K 

ppm 

26 
21 
10 
15 
27 
10 
14 
16 
17 

17 

Nh4OAc 
Exch Na 

ppm 

99 
40 
40 
60 
46 
35 
26 
43 
40 

35 

Nh4OAc 
xch Ca 

ppm 

247 
307 
262 
210 
272 
345 
162 
399 
347 

120 

Yundum Soils Laboratory - Soil Analysis Results 
Tray 4 

Tray Box Sample Identification LOI 360C % Sand % Clay % Silt % N 

78 
78 
78 
78 
78 
78 
78 
78 
78 
78 

9 Philip John, 
10 Philip John, 
11 Philip John, 
12 Philip John, 
13 Philip John, 
14 Philip John, 
15 Philip John, 
16 Philip John, 
17 Philip John, 
18 Philip John, 

Citro Field-Bikama. Site 1 
Citro Field-Brikama. Site 2 

Citro Field-Brikama. Site 3 
Citro Field-Brikama. Site 4 
Citro Field-Brikama. Site 5 
Citro Field-Brikama. Site 6 
Citro Field-Brikama. Site 7 
Citro Field-Brikamna. Site 8 
Citro Field-Brikama. Site 9 
Citro lield-Brikama. Site 10 I 

1.85 
1.17 
1.23 
1.49 
1.43 
0.92 
0.79 
!.34 
1.33 
0.62 

53.7 
71.7 
55.7 
61.7 
61.7 
75.7 
71.7 
61.7 
61.7 
79.7 

18.3 
22.3 
12.3 
14.3 
10.3 
12.3 
12.3 
12-3 
16.3 
8.0 

28.0 
6.0 

32.0 
24.0 
28.0 
12.0 
16.0 
26.0 
22.0 

8.0 

1.3 
13 
2.3 
0.8 
0.8 
1.3 
0.8 
1.5 
0.8 
0.8 
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ANNEX VIII
 
IRRIGATION METHODS
 

Introduction 

Conventional methods of irrigation such as furrow irrigation, border irrigation and basin 
irrigation do not effectively control the water application ratc and can cause water logging, 
build up of salinity etc. In addition, appreciable amounts of irrigation watcr may be lost duc 
to percolation beyond the root zone. The concept of drip irrigation, dcvelopcd in thc seventies 
in Israel, has overcome many of thcse problems. 

The drip irrigation system ensures the delivery of sufficient water and nutrients directly to the 

root system according to the plants need. It makes efficient use of limited water resources and 

optimum use of other inputs such as nutrients. 

Drip System Requirements 

A drip irrigation system consists of the following: 

Water supply pump 
Filters, fertilizer mixing tank 
Control system 
Pressure regulators 
Monitor valve/water meter 
Header lines 
Laterals 
Drippers 

Advantages of Drip Irrigation Systen 

1. Water Savilng 

By applying water directly to the root zone, water saving ranges from 30 per cent to 70 per 

cent depending upon the area covered by the plants. This is due to: 

a) only the required surface soil is dampened 
b) less water is lost through wind evaporation 
c) water is distributed evenly through the root zone 
d) no water is lost below the root zone (percolation loss) 
e) no water is utilised by weeds 

Water loss under various irrigation methods: 

Normal Climate Hot Climate 
Surface Irrigation 30-45% 35-50% 
Gate Pipe Irrigation 15-20% 20-25% 
Sprinkler Irrigation 6-9% 10-20% 
Drip Irrigation 1-2% 2-3% 
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2. Labour Saving 

a) the drip system eliminates the need for labour intensive construction of 
borders, chanels ctc. associated with conventional irrigation techniques 

b', constant optimal oxygcn/moisturc relation climinaCs scraping and tilling 
c) thcrc is no conflict between irrigation, spraying and harvesting 
d) soil needs no furrow renewals, and is not eroded 
c) weeding is minimiscd 

Trials for papaya, conducted by Jain Irrigation Systcms, India, determined a 75 per cent 
increase in yield and 68 per cent saving in water by drip irrigation when compared to 
conventional irrigation methods. 

3. Non-interference with Cultivation Procedures 

Most cultivation procedures may be carried out during the drip irrigation process as only the 
immcdiatc areas around thc plant arc dampened. This is beneficial to an inter-spaced rotation 
planting system where new pits can bc dig in dry soil areas. 

4. Reduced Weed Growth 

Weed seed germination and subsLquent growth depends upon adequate soil moisture. Sincc 

only the root zone receives moisturc under a drip irrigation system, widespread wccd growth 

is inhibited. 

5. Fertilizer and Micro-elements 

A reduction of between 30-60 per cent can be achieved on fertilizcr/chcmical usage due to: 

a) fertilizers and micro nutrients are applied directly to the root zone 
b) no chemical sediment remains on soil, leaves etc. 
c) there is no run off or leaching of nutrients/chemicals 

6. Yield and Plant Growth 

Increased yield and plait growth is due to: 

a) optimum soil moisture 
b) frequent and slow fertilisation, including micro nutrcnts 
c) maintenance of ideal moisture/oxygen ratio 
d) increase in the growth of soil micro-organisms 
C) higher soil temperature, less energy spent on evaporation 
f) conservation of soil fcrtili~y 
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Additional advantages of the drip irrigation system are: 

a) it is not susceptible to wind 
b) it works at a very low pressure 
C) land levelling is not required
d) it helps retain the soil structure for improved respiration 
e) increased water holding capacity 

no pollution is caused due to: runoff of fertilizer to the ground water 
g) less herbicide requirements
h) less disease as stems and leaves arc not dampened 

Unlike sprinkler or flood irrigation systems, a drip irrigation system allows usage of poor
quality water. With continuous water application, the root zone does not dry out and the salt 
concentration moves away from the root zone. Accumulated salt is therefore leached to the 
edge of the dampened soil area. Drip irrigation removes the highest salt concentration away
from the plant root zone, and as a much smaller quantity of water is applied to the soil, the 
total salt content is lower. 
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ANNEX IX 

PROJECT IMPLEMENTATION SCHEDULE 

MONTHS 1 2 3 4 5 67 8 9 10 11 12 13 14 15 16 17 18 

CONSTRUCTION OF HOUSING COMPLEX 

NURSERY PREPARATION 

INSTALLATION OF DRIP IRRIGATION 
PIT DIGGING 

i tr;'. 
."i! 

RAISE NURSERY SEEDLINGS (CONTINUOUS) 

TRANSPLANT SEEDLINGS 

ORDER EQUIPMENT 

INSTALLATION OF DRIP IRRIGATION SYSTEM 

CONSTRUCTION OF FAcTORY 

PIT DIGGING 

TRANSPLANTING OF NURSERY SEEDLINGS 

INSTALLCOMMISSION EQUIPMENT 

FIRST LATEX YIELDS TRIAL PRODUCTION 

TAPPING OF IST 20 HCTS 

t u 

1 MY 

-''r4,. 

m 

so 

A' .1 
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ANNEX X 

TRAINING SCHEDULE 

MONTHS 5 6 7 8 9 15 16 17 

NURSERY LABOUR M... 

PIT DIGGING LABOUR - ,_ -

TRANSPLANTING LABOUR -4. 

FACTORY SUPERVISORS/OPERATORS 

LABORATORY TECHNICIANS 

TAPPING LABOUR WE 
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ANNE(X 

PLANTN.4ND EQUIPMFJVTSPECFICATIONS 

PROCESSING PLANT 

DESCRIPTION EST. COST 
USS 

12 STAINLESS STEEL TANKS WIT EM JLSIFIERS & STIRRERS 
9 TANKS X 300 LITRES X 800 MM X 600 MM 
3 TANKS X 500 UTRES X I100 MM X 600MM 
5 STAINLESS STEEL INSPECTION TABLES 7.75' X 3.75' WITI I 

25.150 

1.00 

STAINLESS STEEL PIPE LEGS 

100 STAINLESS STEEL 55LITRE DRUMS 10.800 

VACUUM EVAPORATOR @ 500 KGS PER HOUR 42,000 

4 VACUUM SIELF DRYERS EACI 
CAPACITY ':F 40 KGS IR 

WITH MOISTURE REMOVAL 180,000 

PLANETARY MIXER- 100 LITRES 3250 

DOUBLE CONE BI.ENDER - 300 KGS 2.850 

DE.MINERALISING UNIT 
REGENERATON 

-500 LITRES.IIR OU1I UT WITI 8 fIRS 2.500 

DE.CLOURISINO UNIT ­6 DIAMETER COLUMN Wr 4 DISTRJIUTORS 400 

STAINLESS STEEL SERILSER- 1000MM X 1000MM 6.000 

HOT WATER STAINLESS STEEL JACKETED TANK -350 LITRES 1,000 

5 STAINLESS STEEL CENTRIFUGES - 32" DIA. 
IIOLES. MOTOR OF 3 HP/1440 RPM 

BASKET TYPE WITH 5MM 64,700 

2 FILTER PRESSES PLATE AND FRAME TYPE CONTAINING 20 X 24" 
PLATES MADE OF STAINLESS STEEL 304 AND, 20 FRAMES EACH 
30 MM THICK 

51.700 

4 SPARKLER FILTERS 16.500 

VARIOUS PUMS 10,900 

AIR FILTRATION SYSTEM WTII FORCED VENTILATION SYSTEM WI
CENTRIFUGAL FANS TO PROVIDE 20 AIR CHANGES 

TH 38.700 

3 WEIGIIING SCALES 1,930 

PULVERISER - PIN MILL TYPE 6.350 

WORKSHOP EQUIPMENT 9,720 

LABORATORY EQUIPMENT 43.350 

BOILER -OIL FIRED TYPE WITIlI CAPACITY 2,000 KG/I R WITII PRESS
AT5 KG/CM2 

URE 52.000 

REFRIGERATION EQUIPMENT 30,000 
I. IC1DANK SYSTEM FOR C ILLED WATER SUPPLY - 5 TONNE CAPACITY 
2.REFRIGERATED ROOM FREEZER/CI1LLER AREAS SIZE 20' X I0' .5 

TONN. CAPACITY 

NUTCIIE FILTER WITiI CAPACITY OF 400 LTIRES FILTRATE AND 200 13,000 
LTIRES CAKE 

PTPINO/ELECTRICALS/ACCESSOIUES 48.000 

INSTALLATION 22.000 

FREIGHIT/INSURANCE 40,00 

CONTINGENCY 25,000 

TOTAL 750,000 

Note: The above quotations have beenobtained from vaiom equipmni gupplierm in India 

MANUFACI"URER 

VIJAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

VIIAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

VIJAYA INC. 

ENGINEERING DESIGN 
SYSTEMS 

ARGUS INDUSTRIES 

ARGUS INDUSTRIES 

ARGUS INDUSTRIES 

INDUSTRIAL IIYGENIC INC. 

AVERY INDIA 

BATLIBOI & CO. 

VARIOUS SUPPUERS 

VARIOUS SUPPLIERS 

THIERMAX LTD 

YEll REFRIGERA1ION 

ARGUS INDUSTRIES 

VARIOUS SUPPLIERS 
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NOTES TO IPROJECT INIPLENIENTATION SCIIEDULE
 

At start up of plantation operations the following essential inputs should be ordered:
 

Drip irrigation system (delivery approxitalcly four months)
 

Compost, bone mcal, pesticides, fungicides, ncmal icidcs, seeds plastic bags, farm 
vehicles etc. 
(delivery approximatcly three niotuhs) 

Throughout the project implementation phase, continuous personnel training will beundertaken for all plantation and factory operations as required. 

Vehicles Esr. Cost 
us$ 

4 Traclorsf/lrailcrs 
3 Pick-Up Trucks 
3 Four Wheel 

65,000 
35,000 
50,000 

Total 150,000 

plalltlifion Eqipli t! EsI.Cost 

Us$ 

2 Generators (250 KVA) 50,000
5 Gencrators (75 KVA) 45,000 
Spraying Equipucitt 5,000
Fcncing 10,(00
Tapping Equipment 15,000Toots and Equipment 15,000
Spare Parts 12,000 

Total 152,000 
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ANNEX XII 

ANALYSIS OF CONVERSION FROM FRESH LATEX
 
TO REFINED PAPAIN
 



ANNEX XII
 

FROM FRESH LATEX TO REFINED PAPAINANALYSIS OF CONVERSION 

Estimated maximum yield of latex: 6,000 kg pcr day
 

6,000 kg latex at 10 per cent solids, contains approximately 5,400 kg water and 600 kg solids.
 

At 40 per cent concentration, latex will contain 900 kg water and 600 kg solids.
 

Water to b,. removed is therefore 5,400 - 900 = 4,500 kg water per 24 hours.
 

Evaporator has capacity of 500 kg per hr
 

Therefore 4,500 kg could be evaporated in nine hours (4500/500)
 

To dry the 900 + 600 = 1,500 kg resulting concentrate to say six per cent moisture, there is
 

636 kg dried latex. Therefore a further 864 kg water is 
a need to reduce this weight to 
removed in the four dryers. 

Time taken to remove 864 kg by 4 x 40 kg per hr dryers is therefore 5.4 hours 
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