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Abstract

Seegeler, C. J. P., 1983, Oil plants in Ethiopia, their taxonomy and agricultural significance. Agric. Res.
Rep. (Versl. landbouwk. Onderz.) 921, ISBN 90 220 0815 0, (x) + 368 p., 16 figs, 26 photographs, 71
tables, 559 refs, Dutch summary, indices of common and scientific plant names, glossary.

Also: Doctoral thesis, Wageningen.

The book is the fourth in a series on Ethiopian useful plants. It treats 12 oleiferous plants, both from
a taxonomic and agricultural standpoint, and 1] in less detail, Special chapters are dedicated to the role
of the oil plants in Ethiopian agriculture, and on preparation and use of vegetable oil in Ethiopia. Most
extensive descriptions are accompanied by a full-page drawing, photographs of the seeds or [ruits, a list
of synonyms, vernacular names and selected literature. Details on taxonomic problems, occurrence, ecology,
husbandry, uses, and contents and specifications of the oil and the seeds or fruits are given too. Indices
on common and scientific plant names are added.
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Stellingen

I
Een stabiele plantensystematiek is een bewijs van het achterwege blijven van botanisch
onderzoek.

I

De meeste botanici hebben bij hun veldwerk geen belangstelling voor de toegepaste
botanie. (W. Busse, 1904. Berichte der Deutschen Pharmazeutischen Gesellschaft 14;
188).

III
Vele publikaties over cultuurplantensystematiek zou men eer taxometrisch dan taxo-
nomisch moeten noemen.

v

De teelt van ‘ideotypen’ (volgens Donald) kan schadelijk zijn voor het behoud van
de bodemvruchtbaarheid. (J. D. Ferwerda, 1980. Giessener Beitrige zur Entwick-
lungsforschung 1(6)39).

Y
De vruchtwisseling wordt meer bepaald door behoeften dan door het streven naar
behoud van de bodemvruchtbaarheid.

VI
Wilde planten groeien niet op plaatsen waaraan ze fysiologisch het best zijn aangepast
maar waaraan andere soorten nog slechter zijn aangepast.

VII
De titel “The origin of species’, die Darwin koos voor zijn meesterwerk, is misleidend.

VIII
Bij voortgezet onderzoek aan boomvormige Ricinus dienen de rol die kruisbestuiving
kan spelen en de gevolgen daarvan nader te worden vastgesteld (dit proefschrift).



IX

Onderzoekers van plantaardig materiaal (zaden, extracten, hout enz.) dienen op de
hoogte te zijn van uiterlijk en levenswijze van de planten die het materiaal opleveren
(vgl. D. Vroege, 1971: De schadelijke werking van het zaad van de Ricinus communis
op de gezondheid, p. 18; Proefschrift Medische Faculteit Rotterdam, 171 blz.).

X
De NOS dient zich te beperken tot de taak waarvoor deze stichting werd ingesteld
en goedgekeurd.

XI
Zijn voorliefde voor honden maakt het voor de Nederlander riskant met fier geheven
hoofd op straat te lopen.

Proefschrift van C. ]. P. Seegeler
Oil Plants in Ethiopia, their taxonomy and agricultural significance
Wageningen, 1 juni 1983
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Samenvatting

Na boeken over peulvruchten (Westphal, 1974), landbouwkundige systemen (West-
phal, 1975) en over kruiden en medicinale planten van Ethiopié (Jansen, 1981) is dit
boek het vierde in een serie publikatties over de nuttige planten van Ethiopié. De
seric kwam voort uit een samenwerking in NUFFIC-verband tussen de Landbouwho-
geschool (vakgroepen Plantensystematick en -geografie en Tropische Plantenteelt) en
de Universiteit van Addis Ababa (Landbouwfaculteit te Alemaya).

Het voorwoord ende inleiding gaan in op de manier waarop de gebruikte materialen
en gegevens werden verkregen en verwerkt.

De inleiding bevat eveneens enige opmerkingen aangaande gebruik en voorkomen
van olieleverende planten in Ethiopié; tevens wordt kort ingegaan op de begrippen
‘oli¢’ en ‘oliezaad’. In hoofdstuk 2 worden 23 olicleverende planten beschreven, 12
tamelijk uitgebreid en 11 kort. De kort beschreven soorten zijn onbelangrijk in Ethio-
pié als olicleverancier, of hun olichoudende delen zijn een bijprodukt van andere tecl-
ten. Ze hebben gemeen, dat mij te weinig materiaal ter beschikking stond om ecn
gedetailleerde beschrijving te rechtvaardigen.

Per soort is er gestreefd naar de volgende volgorde van behandeling der onderwer-
pen: *

- wetenschappelijke naam en somatisch chromosoomaantal dat het meest in de litera-
tuur voorkomt;

verklaring van de wetenschappelijke naam;

auteur, oorspronkelijke publicatie en type van de naam;

synonieme namen, relevant voor Ethiopié;

chronologisch gerangschikte lijst van de belangrijkste literatuur met een korte indi-
catiec omtrent de aard der inhoud,

— Ethiopische plaatselijke namen met toevoeging van de Engelse en Franse;

— aardrijkskundige verspreiding van de soort;

. — uitgebreide botanische beschrijving van de soort, gebaseerd op herbariummateriaal
van planten uit Ethiopié of opgekweekt uit zaad uit dat land;

— taxonomische aantekeningen, 0.a. aangaande typificatie en het variatiepatroon van
de soort in Ethiopié , vermelding van de geraadpleegde exsiccaten en zaden;

- ecologische gegevens zoals hoogte boven zeeniveau, temperatuur en bodems;

- bijzonderheden over de ontwikkelingscyclus van de soort;

— gegevens omtrent de teelt in Ethiopié;

— gebruik van produkten van de scort;

— chemische samenstelling van de zaden en karakteristieken van de betreffende olie.



Het derde hoofdstuk bevat een korte terugblik op het reilen en zeilen van het NUF-
F1C-project, dat aan de basis van dit boek lag. In het tweede deel van dit hoofdstuk
wordt een overzicht gegeven van de dagen waarop de markten worden gehouden langs
enige belangrijke wegen in Ethiopig.

Hoofdstuk 4 is een opsomming van planten die in Ethiopié voorkomen, met hun
wetenschappelijke en inheemse namen, de plantedelen waarvan de olie is onderzocht,
en het oliegehalte.

De lijst van geciteerde literatuur, een woordenlijst betreffende termen die gebruikt
werden bij het beschrijven van de olién en de indices op niet-wetenschappelijke en
wetenschappelijke namen besluiten het boek.
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Preface

Following books on pulses (Westphal, 1974), agricultural systems (Westphal, 1975),
and on spices and medicinal plants in Ethiopia (Jansen, 1981), this book is the fourth
in a series on useful Ethiopian plants. These books and a number of smaller studies -
mentioned on p. 5 are the result of a cooperative project between the University at
Addis Abeba and the Landbouwhogeschool at Wageningen. This project was spon-
sored by the Netherlands University Foundation for International Cooperation
(NUFFIC). Some details of the project are treated in Chapter 3. Unfortunately no
funds were available to continue the project with studies on cereals and tubiferous
plants from Ethiopia so that, at least for the time being, this will be the last book
of the series.

A grant from the Stichting (Trust) ‘Landbouw Export Bureau 1916/1918” has al-
lowed publication of this book in its present form and is gratefully acknowledged.

The present author started his investigations in February 1971 as a temporary
member of staff of the Landbouwhogeschool (LH). In the July, he left for Ethiopia,
where he was based at Alemaya Agricultural College, sponsored by this College and
NUFFIC. He remained in Ethiopia until the end of 1973 and re-entered service with
the LH in April 1974. In July 1977, his contract expired and he terminated this book
as guest member of staff of the LH.

All this time, the Laboratory of Plant Taxonomy and Plant Geography under the
guidance of Professor Dr H. C. D. de Wit and the Department of Tropical Crops
Science headed by Professor Dr Ir J. D. Ferwerda at Wageningen provided all possible
facilities and assistance. At Alemaya, these services were kindly rendered by the Col-
lege of Agriculture (Dean: Dr Melak Haile Mengesha) with its Department of Plant
Science (Head: Dr Brhane Gebre Kidan), and more particularly by the Herbarium
of the latter department headed by Dr Amare Getahun, who was my main partner.

On numerous collecting trips during the time in Ethiopia, 1300 herbarium accessions
of wild and cultivated plants were collected and close to 1600 seed samples (not only
oilseeds}), mainly on markets. Also numerous facts on cultivation, area and use were
noted.

From 1973 to 1975, more than 1000 herbarium exsiccates were collected from plants
grown at Wageningen from Ethiopian oilseed samples. They were collected at different
stages of growth.



Key to abbreviations

al.

Code
conv,
cv.
cvs
diam.

FAO
Gg

lecto.
LINN
Mg
MJ

obs.
Pa

p-p-
prov.

s.n.
5.5,
sp.
sSpp.
SSP.
SSpp.

var.

(after a specimen), seen by the present author

alii = others

central

circa, about

International Code of Botanical Nomenclature
convar = cultivar group ranking between species and provar
cultivar (cultivated variety)

cultivars

diameter

(after a personal noun), filius = son

Food and Agriculture Organization of the United Nations, Rome
gigagram = 10% g = 1000 metric tons

Herbarium of the Landessammlungen fiir Naturkunde, Karlsruhe,
West-Germany

Rijksherbarium, Leyden, Netherlands

lectotype

Linnaean Herbarium, London

megagram = | metric ton

megajoule

north

observation(s)

Pascal

pro parte, partly

provar = a cultivar group

south

sensu lato = in a broad sense

sinc numero

sensu stricto = in a narrow sense

species (singular)

spectes (plural)

subspectes (singular)

subspecies (plural)

U.S. National Herbarium, Washington, D.C,, U.S.A,
varietas = botanical variety

west




1 Introduction

1.1 Introductory remarks

The treatment of species in this book comes in three categories: (1) plants treated
extensively, (2) plants treated briefly but with original observations and (3) plants
treated briefly, entirely from the literature.

The choice of species to be treated in some detail is in accordance with two guiding
principles. The first is the presence of the species as a normal component of Ethiopian
agriculture (such as Niger seed, sesame). The second is specificity to Ethiopia (such
as Maesa and Salvia). A few species are treated in less detail because they are well
known, of less importance, or because their oily seeds are a by-product of a plant
grown for another purpose.

It is a laborious job to acquire insight into the variability of a plant species in a
country like Ethiopia, rich as it is in habitats differing in several ecological factors.
Drawing conclusions from phenotypic differences in the field is extremely risky.To
obtain an adequate impression of variability would require cultivation of samples from
different origins on many places and for several growing seasons. This was impossible
within the scope of the present research.

To obtain at least some idea about variability, samples from as many different re-
gions as possible of one crop were grown on the same field simultaneousty. The seed-
ling, and the flowering and fruiting stages were preserved as herbarium materiat and
in alcohol; the ripe seeds were harvested to allow comparison with the original sample.
. The cultivated species treated in this book were grown at Wageningen, mainly at
the Department of Tropical Crops Science. Those species can be recognized by the
heading ‘grown at Wageningen’ at the end of the note on studied exsiccates (extensively
treated species) or by noted observations in the text (briefly treated species).

Some of the species could be grown outside, some needed a greenhouse and some
needed a greenhouse with regulated short days, but in most species, cultivation through
the complete growing cycle gave no problem at Wageningen.

Castor, however, behaved differently from what I had seen in Ethiopia. Its growth
was enormous in the greenhouse (about 1 metre per month) and also outside (about
0.5 metre per month) but only very few plants produced flowers, even after more than
a year. As Dr Jansen, author of the book on spices and medicinal plants, was about
to leave for Ethiopia when this was known, I gave him a selection of seed-types and
origins of this species for sowing at Alemaya. At Alemaya, all samples produced
flowers within the first growing season.



Thus the descriptions of Brassica spp., safflower, niger, linseed and sesame are main-
ly based on material grown at Wageningen and seed samples collected in Ethiopia,
while those of castor and species collected from the wild are mainly based on exsiccates
from Ethiopia. The other species take an intermediate position, or are based entirely
on the literature.

All collected specimens are conserved in Herbarium Vadense (WAG). A duplicate
set of each number of the entire collection made in Ethiopia was left in the Herbarium
of the College of Agriculture at Alemaya {ACD). The cited collection numbers refer
to the material conserved in the Wageningen herbarium, unless otherwise indicated.

The extensively treated species are presented in the following way.

-~ Scientific name and somatic chromosome number, mostly found in literature

— Translation or explanation of the scientific name, mainly based on Backer (1936)
— The author and original publication of the name

~ The type of the name

— Synonymous names, relevant to Ethiopia or regularly found in the (older) literature
— A chronologically arranged selected list of most important literature on the species.
The references are usually abbreviated and full citations can be found in the Bibliogra-
phy. To each publication the indications (tax.) or (agric.) are added, which point to
the main aspect of the publication: taxonomy or agriculture. Under ‘agriculture’ is
unterstood also uses and chemical composition.

— Ethiopian vernacuiar names. A choice was made of the usually numerous ways in
which the names may be found spelt in the literature. The main source for these names
was Cufodentis (1974, facsimile), but also my own notes and other literature were
included. The language or arca in which the names are used is given in parenthesis
{e.g. Amarinya, Gallinya). To the vernacular names, those in English and French were
added, if available.

— The geographic distribution

~ A detailed botanical description, usually accompanied by a botanical drawing and
sometimes photographs. The description was made by observation of the herbarium
and alcohol collection, obtained as described above, with a binocular microscope,
a pocket lens and the unaided eye. Measurements were made from boiled herbarium
material or material in alcohol. The use of botanical terms conforms to B. ID. Jackson,
A Glossary of Botanic Terms, 4th ¢d., 1971 and G. H. M. Lawrence, Taxonomy of
Vascular Plants, Appendix Illustrated Glossary of Taxonoemical Terms, 11th printing,
1970. To describe the shapes of leaves and fruits, the proposed standardization of
terms for flat shapes of the International Association for Plant Taxonomy (Taxon
11(5), 1962: p. 145-156) has been followed, for three-dimensional bodies using the
ending *-oid’ instead of *-ate”.

— Notes on typification, literature, variability of Ethiopian material, and citation of
the material used for the description. In the citation, some of the collectors’ names
have been abbreviated the following way: Bos = J. J. Bos, JdeW = J. . F. E. de
Wilde, PJ = P. C. M. Jansen, SL = C. J. P. Seegeler, WdeW = W. J. J. O. de Wilde
& B. E. E. de Wilde-Duyfjes, WP = E, Westphal & J. M. C. Westphal-Stevels. Al-

4



though the variability of a species is often impressive, no cultivars were distinguished
because the species were not studied in a sufficient number of generations to establish
the true breeding of morphological characters. And even then, data on physioclogical
reactions should have been taken because they commonly form an integrated part
of cultivar descriptions of field-crop species. Only for linseed was one cultivar distin-
guished. The reason why I felt justified in doing so was that the area where I found
it was very limited, and because I found it twice with more than a year between, sold
by traders who also offered different-looking linseed samples. The plants bred true,
as could be expected in a crop with such strong selfing characteristics as Linum usitat-
issimum. The attentive reader may wonder why I distinguish cultivar groupings (‘pro-
vars’) in linseed but not in castor, while for the latter specics comparable groupings
were distinguished by some authors. There are two explanations for this: a. the keys
provided by those authors did not work at all on my material, b. in the course of
time my observations led me more and more to the conviction that an isonymous
system of naming cultivars cannot be applied in our present state of knowledge.

- Ecology. The factors were treated in the following order: temperature/altitude,
water, soil, light, other factors.

~ ‘Development of the plant’ gives a survey of the way the plants develop during
their cycle.

— Husbandry. This paragraph is included only if the species is cultivated; it is about
the cultivation of the species.

— ‘Uses’ indicates the traditional use in Ethiopia, and sometimes elsewhere. Indica-
tions of non-traditional industrial uses may be included.

— The last paragraph, chemical and physical properties, gives information on the oil
contents, oil, seed and fruit characteristics, and often some information on other com-
ponents of the seeds as well. The data on this subject are merely indicative. For detailed
information, the original publications should be consulted. In the text and tables of
this paragraph, a notation of numbers is used which is familiar to taxonomists, but
not always to people of other disciplines: (#,)n:—#3(n,) should be read as ‘common
range n;—ny with extreme values at n; and ny’. In principle, the same succession of
subjects has been followed with the shortly treated species.

During some years, students made observations on living material grown from Ethi-
opian oilseeds at Wageningen, as part of their research. The names of the students
and the translated titles of their respective researches were:
— R. Henneman & Digna van Ballegooijen, A study of the growth of a number of
Ethiopian oilseed crops (1973)
- E.B.Scheltens, Observations on cold-resistance and cold-tolerance of some Ethiopi-
an oilseed crops (1976)
~ A. R, van Klinken, Influence of daylength on growth and development of Brassica
carinata (1976)
— J. H. den Oever, Salt tolerance of Brassica carinata (1977).

Most of their observations are reported under ‘notes’ or ‘development of the plant’.

5



In the oils produced by plants, two groups are distinguished: (a) fixed non-volatile
oils, also called fatty oils, and (b) essential volatile oils, also called aethereal oils. Both
groups have basically different compositions and uses. Usually a plant species pro-
duces oil of only one of the groups.

On a world scale, the fixed oils are commercially the most important. Plants cultivat-
ed for essential oils are not considered in this publication. ‘Oil’ thus is to be read
as fatty or fixed oil.

If the material is liquid at ordinary temperatures, it is commonly called an oil; if
itissolid at such temperatures, a fat. Chemically there is no definite distinction between
oils and fats and the words may be used indiscriminately.

Most plant species from which useful oils can be derived are found in the tropics,
and the major oil-crops of the world are grown in the tropics too. In cooler climates,
plants mostly accumulate carbohydrates in their fruits and seeds (Adam & Ferrand,
1958).

Qilseeds play an important role in the traditional nutrition of the Ethiopian; they
are a major source of energy and proteins. In Ethiopian traditional cooking, little
oil as such is used. The most common dishes are cooked, rather than fried, and
pounded whole oilseeds may be added. The pan to bake the bread is traditionally
greased with pounded whole seed, but I saw the greasing in a modern version by rub-
bing the pan with some cotton soaked in oil.

Traditicnally pure oil is only prepared for medicinal purposes, for tanning leather
and wood, and for greasing hair and body. For other purposes, the seeds are usually
consumed entire.

Particularly with poor people and on fasting days, the stew to be served with the
injera (flat bread) is mostly prepared from ontons, ground pulses and spices, with
addition of crushed roasted oil-seeds to obtain a smoother substance. Near Gonder,
the wot (stew) may even be prepared from linseed with spices only (Knutson & Selinus,
1970; Selinus et al., 1971a). In non-fasting times, the well-to-do people usually replace
pulses and oilseeds by meat and buiter.

The fasting days are many, commonly 2 days per week and then still special days
or pericds. According to Knutson & Selinus (1970), the common people have 110-150
fasting days per year, but the more pious and the clergy may fast as many as 220
days per year. During such fasts, no food whatsoever of animal origin is eaten so
that the oilseeds are the only source of fat and of the fat-soluble vitamins.

During fasting, there are also special dishes in which oilseeds play a role, and the
consumption of oily seeds as snack meals is often increased (Knutson & Selinus, 1970).

Mixtures of roasted oilseeds with spices are used by travellers as ‘instant food’
(Messing, 1962). I found such a mixture of oilseeds only offered on the market of
Gonder, the same arca that Messing described. It is thus possible that it is a rather
local use.

In many areas of Ethiopia, oilseeds are only partly used in the farmer’s household.



The rest is sold on market, to traders or to oil-mills (Kuls, 1957; Rydén, 1972; pers.
commun. Dr Amare G., 1972). The part of the yield kept for houschold consumption
is commonly stored in clay containers in the house (my own obs.; Selinus et al., 1971a).

The available data on the total volume of Ethiopian oilseed produced all refer to
the 1950s and 1960s (e.g. Bridges, 1960; Schifer, 1964; Industries et T.O.M., 1967,
Kaplan et al., 1971). They indicate a total production of ¢. 350-390 Gg and an export
of ¢. 15% of this weight.

For the area occupied by oil crops, more different values are encountered. According
to Bridges (1960), the most important oil crops together covered about 361000 ha,
but Bridges did not include cotton, safflower and rape. To me, the figure of 650000
to 680000 ha for 1961-1962, as given by Statistical Abstract {1964), secems a more
likely figure. If we combine the data in the FAO Production Yearbook 1980 for the
years 1978-1980 on separate crops and presume that the area of Niger seed has in-
creased to 400000 ha, the total area covered by oilseed crops seems to be still in this
range.

In view of the large increase, notably in cotton area in the 1970s, this data seems
improbable to me. Indeed, FAQO Production Yearbook 1979 indicates a considerably
higher cotton area, but a much lower average yield, As I do not know the reason
for this discrepancy, I report the data in Table 1.

:Tahle L. Area (a; in 1000 ha), yield (y; in kg/ha) and production (p; in Gg) of the most important oilsceds
in Ethiopia. Sources: Statistical Abstract, 1964 {(on 1961) and FAQ Production Yearbooks 1979, 1980.
For further explanation of this Table see the text.

Cotton Niger Linsced Rape- Sesame Peanut Saf- Castor Niger Total

seed Rower (fictive)

1961 a 25 341 100 125 75 30 50 20 653.5

y 170 600 500 400 40 S00 500 500
: p 42 205 50 5 30 15 25 100 344.2
1978 a 160 38 50 70 46 64 1 400 839
(FAO: 1979 y 450 369 400 571 598 469 1000

p 72 14 20 40 28 30 11 240 455
1978 a 29 38 53 70 46 64 1 400  TH)
(FAO: 1980) y 1886 369 406  STI 598 469 1000

p 54 14 2 40 28 30 11 240 439
1979 a 165 36 50 80 a6 65 11 400 853
(FAO: 1979) y 455 373 400 5714 603 476 1000

p 75 14 20 46 28 31 1 240 465
1979 a 28 36 52 79 47 64 11 400 717
(FAO: 1980) y 2000 373 404 482 596 469 1000

p 56 14 21 38 28 30 11 240 438
1930 a 23 36 53 88 47 65 12 400 7128

y 2143 378 406 510 596 477 1600

P 60 14 22 45 28 31 12 240 440




The figures 728 x 10° ha and 853 x 103 ha are 5.6 and 6.6% of the 13 x 10°
ha, which form the Ethiopian arable land. Oilseeds are therefore the third most impor-
tant compenent in Ethiopian agriculture after cereals (39%) and pulses (6.6%) (FAO,
1980).

According to Mesfin (1970, Map 37), the main production areas of oilsceds are:
NW Bale province with adjoining Arussi area (more than 109, of the cultivated fand
under oilseeds), E half of Welega and C Beghemder (with 8-10%) and Tigre, S Eritrea
and most of the Tana region (5-7%). The rest of Ethiopia has less than 5% of the
cultivated land under oilseeds.

Mesfin reports these land usages as average per awraja (governmental unit) and
thus some smaller areas in large, mainly uncultivated awrajas are not represented (e.g.
the Gambela-Baro region in Gambela awraja, where T saw much sesame).

Unfavourably Mesfin does not delimit his understanding of oilseeds, nor mention
the year on which his map is based. My impression (1973) was that the area he indicates
in Bale as very important (over 10%/) is much more restricted eastwards but that the
southern part of Shewa (Mesfin: below 29,) has more oilseeds, particularly in the “lake
district’. Other areas that he underestimates in my opinion are the Chercher Mountains
{Mesfin: negligible), E Gojam (Mesfin: less than 4%), and SW Welo (Mesfin: neglig-
ible). 1 considered the Tana region up north to the Simien Mountains, Shewa Rift
Valley and adjoining areas, SW Welo, E lllubabor and E Gojam, and the Chercher
Mountains to be the most important oilseed areas of Ethiopia in 1973. There are some
smaller areas in which oilseeds form an important component of agricultore in the
lowlands near the Sudanese border.

Map 8 of the Ethiopian Ministry of Education (1962): ‘Ethiopia, il sceds distribu-
tion’ still gives a fair impression of the importance of markets of different regions
for the oilseeds, although [ have the idea that the richness of Eritrea and Kefa is under-
represented. Surprisingly on this map, safflower was not included. Sunflower, on the
other hand, is indicated for most markets. This conflicts with my own experiences
and I think that ‘sunflower’ on that map should be read as ‘safflower”. 1 found this
mix-up of names regularly in Ethiopian publications.

Alphabetically by province and town, it reads as follows (0 = cotton, 1 = linseed,
2 = cucurbits, 3 = Niger seed, 4 = sesame, 5 = peanut, 6 = black mustard, 7 =
castor, 8 = rapeseed, 9 = sunflower).

Arussi Gonder0,2,3,4,6,7,8,9
Asellal,2,3,67,8,9 Nefas Mewcha 0, 1,2, 3,4, 6,7, 8,9
Teferi Ber 1,2,3,4,6,7,8,9 Eritrea

Tiche 1,2,3,6,7,8,9 Adi Keyeh 1, 3

Bale AdiUgril,3

Goba (), 1,2,3,4,6,7,8,9 Asmeral, 3,4,5

Beghemder Keren0, 3,4, 5

Aykel 0,2,3,4,6,7,8,9 Gemu Gafa
Dabat0,1,2,3,4,6,7,8,9 Bulki0,1,2,3,4,6,7,8,9
Debarak 0,1,2,3,4,6,8,9 Chencha 0, 1,2,3,4,6,7,8,9
Debre Tabor 0,1,2,3,4,6,7,8,9 Gidole0,1,2,3,4,6,7,8,9
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Hamer0,1,2,3,4,5,6,7,8,9
Gaojam

Dangla0,1,2,3,4,6,7,8,9

Debre Markos 0, 1,2,3,4,6,7,8,9
Felega Birhan 0,1, 2, 3,4,6,7,8,9
Finote Selam 0, 1,2,3,4.6,7,8,9
KHS Ber0,1,2,3,4,6,8,9
Harergie

Afdem 0,1, 2, 3, 4,
Asbe Tefeni 1, 2, 3,
Deder 1, 2,3, 4, 6,

Dire Dawa 0, 1, 2, 6,7,89
Funyan Berha [, 2,3,4,5,.6,7,8,9
Grawa 1,2,3,4,6,7,8,9

Jijiga 0,1,2,3,4,5,6,7.8,9
Ilubabor

Bedele 1,2,3,4,5,6,7,8,9
Gambela 0, 4, 5

Gecha 0,1,2,3,4,5,6,7,8,9
Gore 0,1,2,3,4,5,6,7,8, 9

5,6,7,89
4,6,7,8,9
7.8,9
3,4,5,

Sidamo
Dila0,1,2,3,4,6,7,8,9

Kebre Mengist 0, 1,2, 3,4,5,6,7,8,%

Neghele 0, 3, 4,6, 8,9
Sodo0,1,2,3,4,6,7,8,9
Yabelo 1,2, 3,4,6,8,9

Yirga Alem(,1,2,3,4,6,7,8,9
Tigre

AbiAdiO, 1,3,4,8,9

Adigrat 0, 1,4
Adua0,1,3,4,8,9
AksumO,1,3,4,8,9

Enda Selassic 0, 1, 3, 4,6, 8,9
Maychew 0, 1, 3,4,8,9

Mekele 1,3,4,8,9

Welega
Arjo0,1,2,3,4,5,6,7,8,9
Asosa0,1,2,3,4,56,7,8,9
Dembidolo 0, 1,2,3,4,5,6,7,8,9
Ghimbi 0, 1,2,3,4,5,6,7,8,9

Kefa Nekempt 0, 1,2, 3,4, 5,6,7,8,9
Jimma 0, 1 Shambu 0, 1,2,3,4,5,6,7, 8,9
Maji 0, } Welo

Waka ¢ Bati(, 3

Shewa Debre Tsehay 0,1,3,4,6,7,8,9

Addis Abeba 0, 1,4,6,7
Ambo0,1,3,4,6,8,9
Butajira 0,1,3,4,6,7,8,9
Debre Birhan 0, 1, 3, 4,6, 8, 9
DebreSina0,1,3,4,6,7,8,9
Fiche 0,1, 3.4, 6

Ghiyon 0,1,3,4,6,8,9
Hosaina 0,2, 3,6,7,8,9
Nazret 0,1, 3,5, 8,9

Dessie 0, 1, 3,4,6,9

Haik 0, 1,3,4,6,8,9
Kembolcha 0, 1,3, 4,6, 7, 8,9
Mekane Selam 0, 1, 3,4, 6,8, 9
Sckota0,1,3,4,6,8,9
Tenta0,1,3,4,6,7,8,9
Wegel Tona 0, 1,3,4,6,7,8,9
Weldiya 0, 1, 3,4,6, 8

Wereilu 0,1, 3,4,6,8,9

* Some recent publications brought to my attention the changes in several place-
names in Ethiopia. Unfortunately a full list of name-changes was not available to
me so that I present names of places and provinces as they were before the Revolution.

There are three ways of separating oil quickly from the solids of the seed or fruit:
separation by heat, by pressure, and by extraction. They all start by grinding the seeds
or fruits after removal of extraneous matter from the bulk.

The simplest and probably oldest method is separation by heat. It is still common
in many parts of Ethiopia. In its most primitive form, small lumps of the crushed
material, often wrapped in a piece of cloth, may be used as such to grease a heated
pan, in its more sophisticated form, the crushed material is combined with water and
heated. The oil separates and starts to float; it can then be skimmed off.

The second method is separation by pressure. The simplest way is 1o wrap the
crushed and perhaps heated material in a cloth and then to wring it out. It is easy
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to imagine how this method evolved from separation by heat. I saw this method used
once in the Chercher Highlands.

In many parts of the world, traditional ways have been developed of separating
the oil with mechanical presses. To my knowledge, this has not happened in Ethiopia,
so that the oil-presses in the country are all of a more sophisticated type driven by
a motor. In the literature, I only found one description of an oil-mill from Ethiopia.
According to Suzzi (1904), the Baza people of Eritrea have an oil-mill consisting of
a tree trunk fixed to the ground with a cavity on top. In that cavity, seed is crushed
with a wooden cylinder propelled by a camel.

Solvent extraction is the most sophisticated process for oil separation. It is only
used by rather large mills and leaves 1-2% of the oil in the residue.

After pressure separation, c. 4-8%/ of oil remains in the cake, which therefore has
a higher feeding value for livestock than the solid residue from solvent extraction.

The residue from oilseeds and oilfruits is generally used for agricultural purposes,
cither for stockfeeding or as a fertilizer, but it is sometimes used as a foodstuff, Use
is determined by composition, palatability and side-effects of substances in the residue,
The value for stockfeeding is dependent mainly on content of residual oil and of pro-
tein.

The oil obtained in any of the ways described contains small amounts of impurities
in the form of meal, moisture and other non-fatty substances, which can be removed
by simple means such as sedimentation, filtration or centrifuging. From small mills
in Ethiopia, this is usually the form in which the oil is sold to retailers. In large oil-mills,
the oil may be given additional treatments (e.g. bieaching, deodorization), depending
on the o1l itself and on its anticipated use.

Of the wide range of plants cultivated for oil, only a few are suitable for large-scale
commercial production and produce oil for which there is a large demand.

In areas where new crops are sought for diversification, oil crops are often consid-
ered because oil plants, particularly the annuals, have the following attractive proper-
ties.

— They show a large variability with forms adapted to a wide range of environmental
conditions and cultural practices. They therefore can be included easily in nearly ali
the agricultural systems based on annuals,

— Extraction is relatively simple and does not require large factories.

— The otls can be consumed locally and can be exported. They often have a variety
of uses, thus extending demand: the world market is substantial and is expected to
continue to grow (FAQ, 1979).

— With local production, valuable by-products stay in the country.

— The oils and the seeds can be stored easily for some time, even under warm condi-
tions,

— Sometimes secondary industries can be established using the by-products (e.g. caitle
feed).
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The analysis of oilseeds and of their presscake for nutritive value is usually somewhat
arbitrary. The various constituents are classed together under certain headings. There
is, as a rule, no differentiation between the various substances included under the
headings. The usual headings are: moisture, oil, protein (or albuminoids), carbohy-
drates, fibre and ash (mineral matter).

This way of expressing composition does not closely reflect the nutritive value of
the substance analyzed. There is, for instance, no discrimination between the various
nitrogen compounds present, nor is any idea given of the actual availability of the
constituents. This is a great drawback to the value of such data, but they have the
advantage that they can be obtained quickly (Williams, 1950).

In the description of an oil, both physical and chemical characteristics are used.
Different methods may lead to different values. It is thus necessary to indicate the
method used. That this is often forgotten leads to a poor comparability of data from
different sources.

Especially for reasons of legal quality control, an intensive programme of standardi-
zation has been pursued for a number of years in most countries. This has resulted
in the promulgation of standards, not only for the oils themselves but necessarily also
for the methods of analysis, applicable to the oils (Williams, 1950).

Whereas volatile oils contain a variety of chemical components e.g. esters, ethers
and alcohols, most fixed oils consist almost entirely of triglycerides with fatty acids.
In oils produced for edible purposes, the main fatty acids are oleic and linoleic acid;
the latter is an essential fatty acid.

Olive and peanut oil have oleic acid as their main component, while soya oil, cotton
seed oil, and sunflower seed oil have linoleic as their main constituting fatty acid.
Seed oils from crucifers deviate from this pattern because they contain variable but

Table 2. Some characteristics of average samples of certain oils (Weiss, 1971, p. 743, 744; Niger seed: Chavan,
1961).

Density at Iodine Melting  Refractive  Saponifi- Titre (°C)  Unsaponi-
60°C value point index at cation fiable
Wisy  (°C) 60°C value matter
(g/ke)
Cottonseed  0.889-0.894 108 510 1.4572 195 32-37 520
Linseed 0.902-0.907 180 0 1.4655 192 14-16 515
Niger seed 132 19i 5-12
Peanut 0.885-0.890 90 510 1.4550 189 28-32 4-10
Safflower 0.898-0.903 145 0 1.4620 191 15-17 5-15
Sesame 0.889-0.894 11t 0 1.4582 192 22-26 515
Soya 0.895-0.900 130 0 1.4600 192 20-32 5-15
Sunflower 0.894-0.899 128 1] 1.4597 191 17-20 5
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Table 3. Component fatty acids of average samples of some common edible oils (percentage by mass; data
from Weiss, 1971, p. 743, and for niger from Chavan, 1961).

Mynistic Palmitic Stearic Ara- Satu- Oleic  Linoleic Lino- Unsatu-

chidic rated lenic rated

total total
Cottonseed 1 21 2 1 25 25 50 - 75
Linseed - - 9 - 9 23 20 48 91
Niger sced 1 7 7 1 15 22 63 - 85
Peanut - B 4 3 15 55 25 - 80
Safflower - 5 I I 7 20 70 - 90
Sesame - 8 3 1 12 47 41 - BB
Soya - 9 2 1 12 12 53 3 88
Sunflower ‘ - 5 2 1 8 35 57 - 92

Table 4. Content of amino acids in sample (A} and crude protein {B) of some oilseed residues (g/kg); data
from Weiss, 1971, p. 735.

Castor Cotton- Linseed Peanut Safflower Sesame Soya bean Sunflower

flour seed meal meal meal meal meal seed

meal meal

Crude protein 650 196 367 390 »t 461 453 200
Arginine A 8319 43.8 41 492 172 549 3338 16.3
. B 129.0 110.2 928 103.3 77.8 119.1 74.6 776
Histidine A 136 10.7 6.6 8.4 4.4 10.2 112 4.6
B 209 27.0 18.0 21.6 9.9 2.1 249 ne

Isoleucine A 4.6 159 16.8 16.9 8.5 19.7 249 9.5

B 53.2 40.1 45.7 433 R35 42.7 35.0 45.2
Leucine A 41.6 246 219 26.0 12.2 9 48 12.5
B 64.0 62.0 59.6 66.8 55.2 69.2 76.9 59.5
Lysine A 22.0 16.7 13.3 13.8 6.0 127 21.9 8.0
B 338 42.0 36.2 353 201 276 61.7 38.1

Methion-

ine A 11.6 59 6.1 4.1 34 12.2 6.3 4.6
B 17.8 14.9 £6.6 10.4 15.4 26.5 13.9 21.9

Phenylala-

nine A 338 209 16.5 19.4 1.6 21.8 22.0 17.6
B 51.9 525 449 497 52.5 47.3 48.6 51.2

Threonine A 250 13.8 13.9 11.6 6.5 16.8 18.2 72
B 8.4 34.7 KR 29.8 29.4 364 40.3 343

Trypto-

phan A 9.3 6.3 6.4 4.7 286 88 7.6 29
B 14.3 159 17.4 12.2 11.8 19.1 169 13.8

Valine A 43.8 19.8 204 18.8 10.9 233 245 10.3
B 67.4 49.8 55.5 43.2 423 50.6 54.0 49.0
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usually large amounts of erucic acid and also about 10%, of linclenic acid (Appe}qvist,
1966). Linolenic acid is also a major component of linseed oil. Of the pls%nts conmdfare.d
in this study, castor has the most characteristic composition. Its maln. fatty acid is
ricinoleic acid, which renders this oil unfit for normal human consumption. '

A comparison of some oil characteristics, fatty acid composition, and pro.tem con-
tents and amino acid composition of some common oilseeds is presented in Tables
2, 3, and 4, respectively.

1.2 Ecological survey

Figure 1 presents a comparison of the ranges of altitude of the species of oil P]ants,
treated in some detail in this publication. A count of the species on the perpendlcplars
indicates that the largest number of oil-plant species is found around 1900 m. At higher
altitudes, the number of species rapidly decreases. Above 2400 m no species are found
that do not occur below that altitude as well. The number of species below 1900 m
decreases only gradually but some of these species do not even reach 1900 m: the

ALTITUDE {m)
400 900 1400 1900 2400 2900 3400 3900

ARACHIS HYPQGAEA

ARGEMONE MEXICANA

BRASSICA CARINATA

BRASSICA NIGRA

CARTHAMUS  TINCTORIUS

CORDEAUXIA  EDULIS

CUCURBITACEAE

GLYCINE MAX

GOSSYPIUM  SPP

GUIZOTIA ABYSSINICA

------ b —————— - - T -

HELIANTHUS  ANNUUS

------ e o = —————

JATROPHA  CURCAS

LINUM  USITATISSIMUM

MAESA  LANCEQLATA

RICINUS  COMMUNIS

SALVIA  NILOTICA

SALVIA  SCHIMPER)

SESAMUM  INDICUM

TRICHILIA EMETICA

Figure 1. Altitudinal ranges of some Ethiopian oil-bearing plants.
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