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Como rasultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
ja Dacisién 488 da |a Comisitn de |a Comunidad Andina, sa semunica:

1. Doesumanios estudiados

Dascripoién: Folios 40 a 63 - 08/10/2008
Reivindicaciones: . Folies 85 a &7 08/10/2009
Dibujos: Folios 69 a 70 _08/10/2000

. Prioridad: - RM2007A000129 “14/03/2007 !

2. Anélisie de la Prioridad

Se acepta la reivindicacién de Prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 8 D 486), y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencidn

Tltule de la seligitud: "Planta de tabaco mutaganizada como cultivo de semillas para
la producecion de aceite para usos energéticos, industriales y alimenticios.”

El problema planteado en esta solicitud consiste en suministrar materia prima

eficiente para ia obtencién de biodiese! y otros suplentes a partir de semilllas de
tabaco

Para reselver este problema tecnice la sclieitud en estudie proporciena plantas
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capaces de produeir grandes cantidades de semillas para obtener acaite.

El abjeto de la presente Solicitud se relaciona con la Clasificaclén Internacional de
Patantes (CIF): C12N 16/82; A01H 1/08

4, Excepcién a la Patentabllidad (Art 20 D 486 literal (¢))

El objeto de las reivindicaciones 1 a 6, 12 no es patentable de acuerdo con el Art
gitado.

El objeto de las reivindicaciones 9 a 10 no es patentable de acuerdo con al Art citado,
las etapas de los métodos reclamados corresponden a procesos asencialmente
bioldgicos como son la obtencion de plantas a través de cruces y la germinacién de
semilias

8. Relvindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
E! uso de las reivindicaciones 7, 8 y 13 no es patentable, de acuerdo con el Art 14.
6. Do la Solicitud de Patente

Titulo

Se sugiere al solicitante madificar ef titulo ya que [as plantas no son ebjeto de patente
segun el Art, 20 literal ¢, ni tampoco los usos bajo el Art 14 y 21 D 486.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacién 11 no es clara por que el método no especifica la estructura de los
vactores de transformacion. El solicitante debe propercionar el tipo de vector y la
secuencia exacta recombinante que es introducida en dicho vector. Ademas, se
informa al solicitante que el literal g corresponde a un proceso esenciaimente
bioldgice por o que ne es patentable segin Art 20 D 486 literal c.

Las reivindicaciones 18 a 23 no son claras por que no caracterizan la materia a ser
patentada, los aceites extraldes, complementos allmenticios y blodiesal deben ser
caracterizados por sus componentas y proeporciones, de manera que ses clare cual
es el aporte del inventor.

Descripelon (Art 28 D 488)

La Descripcion no divulga la invencién de manera suficlentemente completa para que
el la persona del oficio normalmente versada en la materia pueda ejecutarla (6
reproducirla), la descripcién hace referencia a el biodiesel caracterizado por ser
totalmente compuesto por aceite de tabaco (folio 53) sin embargo para que dicha
materia sea protegida debe encontrarse correctamente caracterizada, por sus
componentes y proporciones, De igual manera deben ser caracterizados los
complementos alimenticios de los folio 53 y 54,
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Por otra parte la descripcién mencicna plantas transformadas con vecteres gue
codiflcan enzimas de interés para modificar ia composicién y cantidad de aceite
producido por la semilla de la planta (folio 48) sin embargo ne divuiga cuales son los
vectores usados ni cuales las secuencias recombinantes introducidas, de manera
que la invencién carece de divulgacion suficiente y sustento.

7. Determinacion del Estado de la Técnica
El Estado de la Técnica se determiné con base en fecha de presentacién de la

solicltud de prioridad: 14/03/2007, vy se encontraron los siguientas doeumentos gue
anticipan el abjeto de esta solicitud:

' Fesha de
itom | Documento Tituto Publicacién®
' . Nucleic acid fragment encoding herhicide '
® D1 | EP0257903 resistant plant ecatolactate synthase. 02/Marzo/1988
" Rlant éaﬂ Chloroplast Transformation with Modified
Physiol accD Operon Increases Acetyl-
D2 43(12): 1 51a-. | COA Carboxylase and Causes Extension of 2002
15‘25 Leaf Longavity and Increase in
Seed Yield in Tobacco
D3 Howtopedia Hew to Process QOilsaed on @ Small Scale 2008
Biomass and Use of tobacco seed oll methyl esterin & '
D4 Bioenergy 28 turbocharged 2005
77-86 indiract injection diesel engine

D1 divulga un fragmento de acido nucleico que codifica una acetolactato sintasa que
proporciona resistencia a herbicidas. Este fragmento de acido nucleiee contiene al
menos una mutaciéon de nucleétidos que resulta en un cambio de aminocacido en una
de las siete regiones de homologla conservadas sustancialmente. Esta mutaciéon da
como resultado la produccion de una proteina acetolactato sintasa que conflere
mayor resistencia a los compuestos herbicidas de sulfonilurea en comparacién con la
protelna de tipo silvestre.

. http://www freepatentsonline,com/EP0257993 pdf

D2 da a conocer plantas de tabaco que contienen genes que codifican para Acetyl-
CoA Carboxilasa que se encuentra relacionado con el metabolismo de dcidos grasos
de la semilla, y evalla la produccién de dichos compuestos en la planta transformada
y en su progenie.

hitp://pep oxfordjournals.org/content/43/12/1518 full pdf

D3 divulga el proceso de extraccibn de aceite de semillas
hitp://fen. howtopedia.org/?title=How to Process Oliseed _on & Small Scale&oldid=2
035

D4 divulga las caracteristicas y produccién de biodisel que procede de aceite de
semillas de tabaco que ha sido trans-esterificado con metano!
http://iwww.sciencedirect.com/science/article/pii/S0961953404001217

8. Examen de Patentabilldad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacién 11 se refiere a un “Método segtin Ias relvindicaciones 8 o 10 que
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somprende también les siguientes pasos:

) la transformasién de las plantas obtenidas en el paso d) con vectores que
Inciuyen casetes de expresidn que expresan los genes de la planta para resistencia a
enfermedades de insectos, herbicidas y / 0 hongos y la seleccidn de las plantas si
transformadas en las generaciones T0-T4 para resistencia a enfermedades de
insectos, herbicidas y / 0 hongos y /o,

f) la transformacién de las plantas obtenidas en el paso d) con une o varios
vectores que comprenden casetes de expresion que expresan sn los genes de
semillas de! metabolismo de dcidos grasos seguido de la seleccién de plantas
transformadas en las generaciones TO-T4 para caracteristicas teles comoe el
contenido total de aceite de fas semillas y la composicién de acidos grasos de las
mismas;

g) cruce de las plantas obtenidas en las etapas e) y / o f). y la seleccién de la
progenie resultante para una o mas de las caracteristicas seleccionadas en el grupo:
alta capacidad de produccion de semillas en una cantidad superior a 40 quintales por
hectarea. Contenido de aceite de semillas mayor al 42%, el titulo de yodo en el aceite
obtenido de las semillas de dicha progenie inferior a 120, composicion de acidos
grasos del aceite contenido en dichas semillas variable con respecto a la planta de
tipo siivestre, la resistencia a insectos, resistencia a los herbicidas, la resistencia a los
hongos.

Para los litersles e y g;

Comparacion de las caracteristicas técnicas esanclales, con las del Estado de la Téonica:

Caracteriaticas esonclales _ B1

Plantas de tabaco transformadas Plantas de tabaco transformadas

Vectores que expresan los genas de laplanta | oynonen genes de resistencia a herbicidas
para resistencia a enfermedades de insectos,
herblcidas y / o hongos introducide mediante vactores

Obtencién de la progenie de dichas plantas Evaluacion de dicha resistencia en a progenie
transformedas _ obtenida de las plantas transfermadas

Las caracteristicas esenciales de la reivindicacién 11 hablan side divulgadas
previamente an D1, el cual da a conocer plantas de tabaco que contlenen genes de
resistencia a herbleldas introducido mediante vectoraes, y la evaluacién de dicha
resistencia en la progenie obtenida de las plantas transformadas (ver resumen y
pagina 40 linea 26 a 28). En consecuencia, la reivindicacién 11, literales e y g, no es
nueva segun lo divuigado en el documento D1.

Para los literales fy g

Comparacidn de las caracteristicas técnicas esenciales, con las del Estado de la Técnica.

Caractaristicas asenciales D2
Plantas de tabaco fransformadas Plantas de tabace transformadas
Vectores que expresan los genes ralacionados | Contienen genes que cogifican para Acetyl-CoA
al metabolisme de dcidos grasos Carboxilasa '
Obtanciéon de |a progenie da dichas plantas Evalia la produccién de dichos compuastos en la
transfermadas planta transformada y en su pregenis

Las caracteristicas esenciales de la reivindicacion 11 hablan sido divulgadas
previamente an D2, el cual da a conocer plantas de tabaco que contienen genes que
codifican para Acetyl-CoA Carboxilasa que se encuentra relacionado con el
metabelismo de acidos grasos de la semilla, y evaliia la produccién de dichos
compuestos en la planta transformada y en su progenie (ver pagina 1518 columna
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izquierda primer parrafo). En consecuencia, la reivindicaclén 11, literales fy g, no es
nueva segun lo divuigado en el documento D2.

La reivindicaeién 14 se refiere a un “Un métodoe para la extraccién de aceite de las
semillas de tabaco en el que el rendimisnto de acelte se encuentra entre al 70 y el
95% del aceite contenido en dichas semillas, que comprende los sigulentes pasos:
a) la extraccion de dicho aceite mecénicamente presionando con la prensa
helicoidal y la obtencién de acelte y una torta de aceite residual;
b) la filtracién de dicho aceite extraido en el paso a) con filtros de papel o tela.”

Comparacion de las caracteristicas técnicas esenclales, con las del Estado de la Técnica:

Caracteristicas esencislos B3
Método de extraccion de aceite de semillas | Método de extraccion de aceite de semillas
Extraccion por prasionar la samilla en una Extraccian por presionar la semilla en una
prenssa prensa
Filtracion del aceite Filtracién del aceite

Las caracteristicas esenciales de la reivindicacidn 14 hablan sido divulgadas
previamente en D3, el cual da a conocer un método para la extraccidn de aceite de
semillas, que hace parte del saber popular, en el cual las semillas pasan a través de
una prensa donde el aceite es exprimido y recolectado por una perforacién en una
cubeta bajo la maquina y Ia torta residual sale por el otro extremo del eje (ver pagina
3 ultimo pérrafo). El aceite crudo expulsado contiene particulas sdlidas, dichas
particulas pueden ser eliminadas permitiendo que el aceite en repose y luego se filtre
a través de una tela fina (ver pagina 4 parrafos 2 y 3). Ademas, D2 divulga fa
extraccién por solvente. Los aceites de semillas o la torta restante de expulsion se
extraccion con disolventes del aceite remanente de la torta residual, y después el
aceite es recuperado por una destilacién al vaclo (pagina 3 primer parrafo literal e),
por ultimo divulga la refinacion de el aceite obtenido para hacarlo apto para el
consumo humano (pagina 2 Gltimo parrafo). En consecuencia, la reivindicacién 14, no
@s nueva segun lo divulgado en el documento D3, Las reivindicaciones dependientes
15 a 18 no revelan caracteristicas esenciales nuevas para el método, por lo cual no
se consideran novedosas.

La reivindicacién 19 se refiere a un “Biodiesel que comprende el aceite de semillas de
tabaeo, segln la reivindicacién 12 trans-esterificado eon metanol.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteriaticas csenciales D4
Biodiesel que comprende el aceite de semillas Biodiesel qus comprende el aceite de semilias
de tabaco trans-estarificado con metanol de tabaco trans-esterificado con metanol _

Las caracteristicas esenciales de la reivindicacion 19 hablan sido divulgadas
previamente en D3, el cual da a conocer biodisel que procede de aceite de samillas
de tabaco que ha sido trans-esterificado con metanol (pagina 78 columna derecha
parrafo dos). En consecuencia, la reivindicacién 19, no es nueva segun lo divulgado
en el documento D3.

9. Concluslén

L.os requisitos de Patentabilidad de la presente Solicitud estan afactados asl:
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ltam |  Decumonto Reivindicaclongs afoctadas Requlsite que afocta
01 EP0257803 _ 1M _Novedad
' Plant Cell Physio!. N ]
02 | 4a(13y; 15181525 " __ Novedad
D3 Howtopedia ' 14818 o Novedad
Blomass and
D4 Bioenargy 28 77~ 18 Novedad
86

En eumplimiento del articulo 45 de ta Decisién 486 de la Comision de la Comunidad
Andina, 8e ie indiea que debe dar respuesta deniro del término de sesenta (80) dias
contados a partir de la fecha de notificacion de la prasente comunicaclén. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegard la patante.

Notiflquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del
eapitulo quinte del titule primero de la Circular Unica No, 10 de 2001,

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiente fue notificado por fijacion en lista, de facha

LA SET 2012

Elaborado per: Sandra Carclina Craspe Cardenas
Revisada Per: Consuelo Leguizamon Leguizamon%
Aprobado por: José Luis Salazar Lopez
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Chloreplast Transformation with Modified aceD Operon Increases Acetyl-
CoA Carboxylase and Causes Extension of Leaf Longevity and Increase in

Seced Yield in Tobaceo

Yuka Madokn "¢, Ken-Ichi Tomizawa *, Junya Mizoi ¥, Ikuo Nishidu *, Yuklo Naguno ! and Yukiko Sasakl »4*
! Laharatory of Flant Molsoulor Blalogy, Graduate Sehool of Agricultural Sciences, Nagaya University, Nagaye, 404-8801 Japan

Y Revearch Istitte of Innovative Tochnology for the Eurih (RITE) 9.2, Kizugowadai, Kizu-cho, Soraku-gun, Kyoto, 61901202 Japan

Y Graduate Schoo! of Sulencws, The Universily of Fokya, Tukva, 113-0033 Japan

Acetyl-CoA sarhoxyinee (ACEase) in plastide lv g oy
enzyme rogulating the rate of de nove fatty ncid biosynthe.
sis in plant;, Plustidie ACCose is eomposed of three
nucloar-oncaded subunits and onc plastid-cneoded acel
subunit, To bosat ACCaso levels, we exnmined whethor
overexprossion of acgh olovptes ACCase production, Using
homaiegous rocombination, we repiaced the promoter of
the secD gporon in the tobneeo plastid genome with a plas-
tid rRNA-operon (pri) promoter that dirccts enhanced
expression i photosynthetic and non-photosynthetic
organs, and successfully ralsed the total ACCase levels in
pluatids. This rosult auggosts that the level of the aceD subu-
nit is a determinant of ACCase levels, and that enzyme lev-
cla are in part controlicd past-transeriptionnlly nt the level
af subunil agsombly, The resultant transformants grew nor
mplly and the fatiy acid eontent wus slgnificantly increused
in leaves, but nat significantly in secds. Howover, the trans-
formants displayed extended leaf longevity and a twofold
ineronse of seed yield over the ¢ontrol value, which eventu-
ally almost doubled the fatty acid production per plant of
the transformants relative te gontrol and wild-typo planis.
These findings offer a potenilal mothod for raising plant
produetivity and ei} preduction.

Keywords: Acetyl-CoA carboxylase (EC 6.4.1.2) — Fatty acid
synthosis — Leaf longevity — Post-transcriptional regulation
— Seed vleld — Tobaeca,

Abbrevigtions: AGCase, acstyl-CoA carboxylase; NEP, nucleor-
encedad BRNA polymerase; PED plustid-gncoded RNA polymeric,

Introduetion

Plant of! is one of the most impartant products of photo-
synthetic carbon agsimilation and has a variety of industrial
applications. One passible way to boest oil production is to
mwanipulate o kay enzyme involved in futty acid bivsynthesis. In
plands, de novo falty acid synthesls ecoury in plastids, and plas-
tidic agetyl-CoA cwrboxylase (ACCase; EC 6.4.1.2) catalyses

the fiest comminted, rteslimiting sigp of fatty acid binsynihe.
gis; the fommation of malenyl-EoA. Therefore, Ingrcasing
ACCase levels may result in an inereasc in fatty acid produc-
tion. Plants have two forms of ACCase:! o hoteromerie ACCase
in plastids that is similar to Escherichia eoli-type ACCuse, and
a homomeric ACCuse in the ¢ytosol that {5 similgr o animal-
type ACCaso (Sasakl ot al. 1993, Konishi and Spaski 1994),
Because membranes are impermeable to aoyl-CoAs including
malonyl-CoA (Jocobson and Stumpf 1972, Banhegyi et al.
1996), and the plastidic ACCase plays an exclusjve rolo in the
biosynthesis of malonyl-CoA in plustids. A recont attempt to
target Arebidopsis animal-type ACCuse inte the plestids of
transgenic oilsced rape achieved an approximately $% increase
in the tota! seed-oil content (Roesler ot al. 1997y, Howover,
succossfl manipulntion of the £. cali-type plastidie ACCuse is
yet to be achieved,

Flastidic ACCase is composed of biotin sorboxylase, the
biotin carboxy! carrior protein, and the alphs and beta subunits
of carboxyltransforase, the genos of which are designated
aceC, aecB, accA, and aecD, respectively (Saszakl of al, 1995,
Ohlragge and Browse 1995). The acol) geng is localed In the
plastid genome and the other three genes oceur in the nuglear
gename, Moither antisense-cxpression ner overexpression of
aceC significantly aflects ACCase levels, aithough a moderate
decrease and an elgvation in aeelC mRNA levels ware achieved
with these technlques, respectively (Shintani ot al. 1997). We
hypothesized that the expression of acel in plostids might
lmit the total levels of plastidle ACCore, and that the overox-
pression of aced might increase ACCase expression, and
henge fatty acld production, in plants, Regont progress in plas-
tid transformation by homologous recombination (Evab and
Maliga 1993, Bock 2001, Maliga 2002) provided vs with an
opportunity to examine our hypothesis in tobncco.

In plastids, two types of RNA pelymerages ara involved
in trangcription: nuclearoncoded RNA polymerase (NEP)
ond plastid-encoded RNA polymorase (PEP) (Hojdukiowicz e
al. 19973, In general, housekeaping gones such as accl have
NEP promoter(s), whereas photosynthetle penes have PEP
promoter(s). Interestingly, the rRNA opsron (rmw), which is
pbundantly cxpressed in both photogynthetie and  nen-

! Presem address: Gonesls Rasearch Instituta, fnc. 4-1-35, Noritake-ghinmuchi Nighisky, Naguya.dﬁleOOSI lapan.

! Correrponding snther: E-mall, snsaki@agrnagoyo-v.oe,ip; Fag, +81-052-788-4206,
1518

T30 “1€ masny mo rsoed Aq Aarsprsmripooroe daly-ding trtg poprogiaegy



Metaballc apgineoring of peetyl-GoA carboxvlaie [H L

(A) hlaroplast genome

Ri
Ea?

Wild-type:

Rl et EpeRl
s LA agag}-L
228

v Pr2

Transformant:

Control:

{B) Southern biot
Probe 1: aced

Fig. 1 Souther biot analysis. (A) Chlergplast genome structure in the wild-type, transformant, and control plants. Prl, Pr2, and Pr3 indlcate the
positians of the RCR, primeys used for the spicetien of homoplastamic tranefermants (sca toxi}. Bars Indirate tho positions of prabes 1 and 2 uged
in (B}, (8) Total collular DNA extracted from leaves of the wild-type and 'I') plants was digested with EcoRl and subjected te Southern blot unaly-
sis. WT, the wild type; C, cantrol (with aadd * insertion); Al and A2, transgenlc plants (with insertion of an aad4®—rra cassetto), Tho sizes of the

detccted bands were the same as those predioted in (A).

nhatosynthetic organs, has both PEP and NEP prometors
{(Vorn and Bugiuwra 1998), In the plastid genome of tobacae,
aceD forma an operon with psal, yefd, cemd, and peid
(Shinvzakl et al, 19B6) and these gones are polycistronically
tronseribed under the contre] of the NEP-type promoter of
aeeld (Shinozaki et al. 1986, Nagano o al, 1991, Hajdukiowicz
et al. 1997). Thereforc, 1o overexpress acel? in all tigsues, we
repiaced the pramoter of accl with that of rrn in the tobacco
plastid genome by hemologous recombination, and examined
offects of the modification on ACChse fevel and fitty acids,
Qur resuits show that the promoter replacement not only
increased the expression of aceD but also enhanced the level of
ACCase and fatty acid content in leaves of the resultant {rans-
genie tobagoo. Furthermore, the transformants displuyed signif-
icantly extended leaf lougevity, and improved secd production
angl henoe seed oil per plant,

Resulis

Praducilon of transgenic tobaooo plants overexpressing plostidic
ACCase

To replnce the promoter of acel with that of s by
homelogous recombination, the plasmid procl-asdAd-rrn—
accD wns constructed, in which the weel promotsr waos
replaced with o ren promoter, and 3 chimeric gene (padd®)
(Svab and Maliga 1993) was inseried upstream of the aced
promoter. gadd* is a selectable marker gene (hat contains a
modified ren promoter and a pshA torniinator, so that only cells
with agd4 * inserted into the plastid genome can be selected for
spectinomyein resistance (Svab and Malige 1993). A control
plasmid wes constructed, with an aad4* inscrtion upstream
of the eceD promoter, These plnsmids were inserted into
the tobacco plastld genome by particle bombardment (Fig, 1A)
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1520 Mctabolie engingoring of nosyl-CoA earboxylase

WT G A1 A2
. ESIEE e

acch

accC

asdA

Fig., 2 MNorthern blot analysls. Total ccllular RNA cxtracted from
young teaves (leal meximum width 3 om) of 12-wepk-old plonts (sse
Fig. 5A) was subjected to Northern biot analysis. Tobaceo cDNAs for
aeel) and aeeC mRNAR wore loballed as hybridization probes. FRNA
wut usod a8 the loading contral. Abbreviations are the same a5 in
Fig, 1B,

{Svah and Maliga 1993, Bock 2001). Becauss tebacso lsaves
have 800-10,000 copies of the plestid genone per oell
{Bendich 1987), nll transformants wer¢ made homoplastomic
with regpeet to the transgenes,

Two independent T, transformants, in which the aadd*~
#ru cassstic was inserted into the desied position, were
selected by polymerase chain reaction (PCR) and designated
Al and A2, These transformants produced no wild-type accD
band (data not shown) by FCR with primers Prl and Pr2 {see
Fig. 1A), verifying that they arc homoplastomic. Similerly, a
gentrol Ty, transformant, in which only the agdd* was inserted
into the wild-type genome, was established. All transformants
grow normally under our growih conditions and their seeds
germinated normally. Southern blol analysis verified that all T,
progeny inherited the respective transgenas (Fig. 1B). Inherit-
ange of the inkerted rra promoter in the T, progeny of tha Al
and A2 transforments was also eonfirmed by PCR with prim-
eri Pr3 and Fr2 (data not shawn),

Kffects of acold uverexpresston on ACCase levels

Northern blot analysls of total celiular RNA from T,
lgaves (Fig. 2) showad that the cantrol plants accumuiated not
only high levels of gadd mRNA but also significant levels of
accD) mRNA whon compared with wild-type plants. There-
forg, the juscrtion of aadA® upstream from aecD scems to
slightly enhance aceD mRNA lovels, because the rrn promoter
of aadA may affect expression of aoeD. accD mMRNA accumu-
latad significantly more in Al and A2 plants compared with
control and wild-lype plants, Indiepting that the replaced rin
promoter functiens well. However, the mRNA lovels of
nueleurengaded accC wera similar in the wild-type and trang.
formnnt plants, indicoting that aceC MRNA levels were not
affested under these conditions,

Immunoblot analysis showed that the levels of the four
subunits comprising plastidic ACCase in total leal proteing
incrensed significant]ly in the control, and more extensively in

PR L
ik

aceD pratain

accA protein 8
8ccB protain s wiis- i seave < 32 kDa
accC protein & B SAte il - 49 kD
Iig. 3 Ismnunoblot analysls. The same amounts of total lenf protein
(10 ug) from young lesves (icaf maximum width 3 cm) of 12aweek.

old plantg shown in Pig. SA ware loaded In cach lana, Abbreviations
are the same as in Fig. 1B,

Fatty acid

14 : 14
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-Ea.a..l‘. % 1864 §
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B 084 B 00

3 g ,

o o4 X 044
0.2 4 02- K
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Fig. 4 Fatty acid and starch contents in leaves. Mature groen leaves
(leal maxinium widih 7 em) from the 1 2-week-cld plant shown in Fig.
5A were used for analysis, Volues are based on frosh woight and are
given a3 the averages (2 SIZ) of four determlnations made from two
plants. An osterisk indicates that the values for Al and A2 gre signifi-
oantly different (#<0.08) (rom thosg of the oontrol and wildstype
plonts, nccording to a s-test. Futty ocid and starch eontents wero 3.9
and 182 pg (mg FW)™ of leaves, respectively, for the control, Abbre-
vintions are the same as In Fig. 1B,

the Al and A2 (ransformants, gompared with the wild-lyps
(Pig. 3). The level of plastid-encoded subunit inoroussd with ita
transeript lovel, but the levels of nuelear-encodod subunits
incrensed without o corresponding increase in their transeripts,
which sugpests invelvement of post-transeriptional regulation
in expression of the nuclear-encoded genes. The spacific activ-
ity of ACCase in the chloroplasts of young lcaves of Al and
wild-type plants was 63 and 17 pmol min™' (mg protein)™,
respactively, indicating that the four increased subupits were
aspembled into an active onzymo in the ehloroplasts,

FEffects on fatty acid contents in leaves

Lipid analysis showed that the fatly aold content of Al
and A2 leaves incrensed by approximaiely 5-10% over that of
the contral (Fig. 4}, and these differences are statistically sig-
nificant according to a t-test (P<0.05), In A2 leaves, the content
of monggalactosyldiacylglyceral, the major chloroplast mem-
brane lipid, increased by about 30% above that of the centrol,
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(A}

Fig. 5 Wild-tyf:c and T, plants after 12 weeks of culture. (A) Sceds were germinated and grown for 5 woeks on RMOP medium supplemented
with 0.3 mg ml™ spectinomygin dihydroehloride (only for T transformants} at 25°C undor & 12.h 1ght/13.+h dark regimen at o photon fus denslty
of 40 pmol m 5 during the light peried. The spectinomycin resistant seodlings were transplanted into soll in pots (700 ml plant™) and grown
for a further 7 wecks in 0 growth chamber, as doscribed In the Matordals and Methods. Plants were fertllized with diluted (172,000} Hyponex
(Osaka, Japan) every 2 d. Abbreviations aro the same ns in Pig, 1B, (3) Electron microscopy was carrled out on matura green leaves (lenf maxi-
mum widih 7 em) horvested trom the 12-wock-old piant shown In Fig. 5A afier illumination with whita light {for 1 ), Black ond white arrowa indi-
cate starch granules und lipid droplets, respeetively. Bar=1 pum. Abbreviations are the some as in Fig. 113,

ZI0T ‘1€ iy 20 3syiG 41 J2:0 spunoipiojxo-dadydny urosy papesjumog



1§33 Mainbolie engineering of noatyl-CoA cprbosylaae

A) per saod

Patly aaic Starch Bry weight

14 14 14

s 12 5 s
% Bl folne o
% '% 0.6 - ;% 08
& 2 04 4 § " ' "

6.2 - 0.2 r

C A1A2WT T A1 AZWT

B) per plant
Sead number

3.0 i

2.l

2.0

Relative vaiue

TE A1 A2 WT

¥ig, 6 Fatty oecid and starch qontents in seads, and soed yiolds por plant, (A) All the sceds from a plant wero pooled, and fatty aclds and dry
waight wars megsured In duplionte for aliguets of 50 seeds. The avorago value for faity nold eontont per dry sped weight waos ealoulntod. Data
obtained from 2-3 plants were averaged and prosented as values relative to the control. Fatty ocld and starch contents of 1,000 dry sseds from
contrel plants wers 4.6 mg ond 0.4 my, reapectively. The weight of 1,000 dry seeds from the control plani was 103 mg, Abbreviations are the
same ag in Fig. 1B. (B) The number of seeds per plant was counted for 2-3 plants and the value relative to the control was calsulated for onch
oxperiment. The avernge values (rom four lndependent sories of experlments are shown. The seed number per plant for the control group was

1.2x10% Abbrevintions arc the same as in Fig, 113,

wherous no ather leaf glycorolipid ineluding neutral lipids dif-
fered significantly betwgon the A2 and contrel plants {data not
shown). It is noteworthy that the levels of tricnoic futty acids,
hexadecatriencic acid (16 :3) and linolenic asid (18:3),
increased in A2 leaves by 32% and 14%, respectively, relative
fo the control, with soncomltant decreases in the levels of
dienolc fatty aeids. Starch analysis showed that the starch con-
tent of the contral und the translformaents decreased compared
with those of the wild tvpe.

Othar phenotypes of fransgenic plants

The photogynthetic activity of the fully oxpanded leaves
of T, plants (11th leaves from the botlom in Fig. 5A) did not
difTer significantly among the A1, conteel, and wild-type plants
{datn not shown). The transgenic plants were indistinguishable

from the wild-type oxcopt that Al snd A2 seneseed later than
the wild-type and control plants (Fig. A}, The cldest leaves of
12-weck-old wild-type and the control plants (blue arrow-
heads} were yellow, whereas Al ond A2 Jeaves of o similar age
were green (red arrowhoeads) and turmned yollow 7-10d later.
Indeed, the chlorephyll eentent of fully expanded leaves (8th
leaves from the botiom) In Al plants was 1.3-fold higher than
that of the wild-type plants,

Transformant leaves were compared with those of the wild
iype by elactron microscopy. Both the Al transformant and the
wild-type chloroplasts containad starch granules and opague
droplats, but the transformant appenred to ¢ontain more drop-
lets ond fewer granules than the wild-type plants (Fig. 5B).
Migroscopic survey showed that the starch granules became
smaller and the dropleis became larger {n the transformants.
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Thus, appsrent alteration of chloroplast eonstituonts was
ahservadl,

Effects on seads

The fatty aeld content of the seeds (Fig. 6A) ond the fatty
aeid composition (data net shown) were very similar in the
wild-type and all transformant plants. ‘The starch content of Al
and A2 plants was less than that of the control plants. Seed dry
wuight was alse similar in the wild-type, Al and A2 plants, but
thls value was slightly less than that of the control. However,
the number of seads por plant in the Al and A2 tranaformants
{FFig. 613) increased about 2-fold over the control and wild-type
plants. The nymber of seeds per capsule increased consldera-
bly in Al and A2 transformants compared with the wild-type
and control plants, although the numbers of flowers and cap-
sules were similar among all planis. Ultimately, the increase in
seed yield doubled the fally acid production per plont.

Discussion

Pramoter replacemant enhanced acelD expression and ACCase
favals

In this work, we found that replacement of the aceD pro-
moler with the ren promoter {n the tobacco plastid genome
increased the tevels of accl) transeripts ns well 0s goeD protein,
in plastids. Therefors, the expression of aceD is, at leust partly,
regulated at the level of transeription. The overexpression of
acel) increased the three nuclear-encoded subunits of ACCase
and ingreased the oetivity of ACCuso in plastids. This finding
supports our hypothesis that the expression of aeeD in plastids
limits total levals of plastidic ACCase, and implies thot acal)
protein level is a determinant for enzyme level. In this way, we
succecded in raising heteromeric ACCase lovels,

Pogst-transcriptional regulation and the apparent coordination
aof protain synthesis of nuclel and plastids

Our finding that the levels of nuclear-cncoded subunits
increased without a corresponding Ingrease in thelr transcripts
supgests that post-transcriptional regulation is involved in
ACCasge synthesis, probably at the level of subunit assembly.
We infor that a miolar excess of nuglear-encoded ACCase suby-
nits is synthesized in the eytoplasm and enters into the plas-
tids, to be agsembled with the plastid-encoded ACCase subu-
nit.  Conversely, unassemblod nucleor-encoded ACCase
subunits are probably rapldly degraded for lack of partner accD
subunit in plastids. Therefore, only assembled subunits are
detected by immunoblotiing, and an apparent coordination of
nuclear-encoded und plastid-gncoded proteins is observed.
Most proteins encoded by the plastid genome assemble with
tho nuclear-ancoded proteing to form a functional complox,
whigh was thought to require the coordinated synthesis of
nuslear-cncoded and plastid-engoded proteins. However, our
results suggest that such coordinated synthodis 15 not always
noecessary, nt lenst in the gase of ACCase. By overoxpressing

the piastid-cneaded subunit, we showsd that post-trangarip-
tional regulation is invalved in the formation of a functionai
complex in plastids.

Relatlve smounts of mRNAg for four ACCass are known
to co-ordinatoly change during leaf and sped davalopment (Ke
et al. 2000), This result suggests that the four transcript levels
are regulated at least in part by cootdlnation betwoen nucleus
end plastids during development. However, our rosults that
overexpression of qeel? did not affect the levels of aceC
mMRNA suggests that no close coordination oecurs betwaen the
nucleus and plastids in the regulation of the transeript levels,
Taken together, we propose that although the rates of synthesis
of nuclear- and plastid-cncoded subunits aro regulated at the
levels of transcripts in the cytoplasn and plastids, respectively,
the lsvel of each ACCase subunit is ultimately rogulaied at the
level of protein assembly in plastids,

Lffects on leaves

An increase of ACCasoe In transgenic tobeceo ohloreplasts
resulied in an increase of total fanty acid content in leaves, and
extended leaf longevity. Lipid analysis showed that the major
chloreplast membrans lipid, menogelaciosyldiaeylglyeeral,
ingreased and the trienoic fally acide nlso inoronsod. These
changes probably affect membrane properties, which might
affect leaf longevity, although the kinds of membrans proper-
ties that influence leaf longavily have not been identlfied. It is
also possible that membrane repair might be enhanced in our
transgenic tobacco plants, which might delay leaf senescence,
bacause older lcaves approaching sencsconce are believed to
require inerepsed repair activity in the thylakoid membranes
{Hellgren and Sandelius 2001).

Alternatively, decrensed starch conteat in Al and A2
might in tum delay lonf sencscenoc (Miller ot al. 1997}, Fur-
thermore, we do not exclude the possibility that nltered fatty
acid composition might play a role in delaying leaf sencg-
cence, because futly acids are important regulntars of plant
growth and differentiation (Ohlrogge and Browse 1995, Topfor
et al. 1993). Cur transgenio tobaceo plants may provide a uge-
ful experimental sysiem for studying the mochanisim of senes-
cence in relation to lipid and carbohydeate motabolism.

Effects on yeeds

We did not observe significant chenges in fatty acld com-
position or content per seed. As deseribed in the logend Lo Fig,
4 and Fig. 6, the ratlo of {atty ncld content to starch content is
more than 11 in seeds, whereas it is 0.02 in leaves. This sug-
gosts that the biosynthesis of {atty acids is moro active in devel-
oping seeds than in leaves in tabacco. Indsed, oll accounts for
about 30% of secd dry weight, We are not suceessiul in deter-
mining the level of ACCase in developing secds because the
seods did nat synchronously mature in the sced capsule. How-
ever, if the blosynthesls of fatty ncids in sceds is fully actl-
vated in the wild type, further ehancement of the binsynthesis
per seed may be difficult by the present method.
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To our surprise, o remarkable inercase in seed number was
abeerved in transgenic plumts. K is reasenable o aserlbe the in-
creased seed number por plant 1o incressed leal longevity,
becauss extended longevity brings abeut abundant production
of photogssimilates. Although further experintents are required
10 elucidate the meohnnisms undorlying this phonomenon, the
eutcoms hes potential utility in erep improvement. Improve-
ments in seed yield should clreumvent the lmijtation of fatty
agid production per seed and provide o basis for develop-
ing a new sirategy for improving commersially important
oilproducing crops, such s oilseed rape and soybean, Ene
hanged production of sesd oil should acesleraie our cfforts
towards engineering plants as fnctorlcs for industrial inaterluls
{Sommerville and Bonetta 2001).

The replaceinent of the geel} promoter described here
enhaneod the primary transeripts of the aecD cperon that con-
tains accl, pral, yof4, camd, and peid. We did not survey the
gene praducts for psaf, vefd, camd, and petd, and do not
exelude the possibility that some of these gene products except
for acel protein might bave positive effects on the prolonged
leaf lonpovity and the increased sead yiold,

Prowater engineering

We succeedad in englneering ths promoter of the plastid
genome, using the ren promoter that eontaing the NEP and PEP
promoters, There are various possible promoters to direct the
expression of a target gene in a speeific orgen ot an appropriote
time. Studies of promoter dissection may provide more power-
ful tools for plastid gene expression, The technigue of plastid
promoler englneering prasentod here offers o new methed to
improve oil production and increase plant yields.

Matgrinls and Methods

Cansteugtion qf slasmid N4

BCR was performad with tobagon (ey, Xunihi) ehloroplast DNA
(Shinozaki et al, 1986} 0 tomplate. The primers P1-1G, with added
rasirigtion gites, were used for PCR ond arg shown in Fig. 1; M, §
CCOCaBCCOCCOGQOGTETOATAGOAAATAAG-Y, 12, §'-GTC-
GACGTGCTCTACTTGATTITGEC-3": PR, 5-0TCGAGTAQACCTT-
GITGUTGTGAG-3" P4, 5-CCCGGOCAGCOGCOGAACCCCCTT-
TATATTAT-3Y PS5, §-CGTCQALCQCTCCECEACCOTCGITC-3'; and
16, 8'“GGTACCCGUGTATTCGCCCGGAGTTUOC-3. To repluce the
promater of ecef2 with the srn promarer in tobacco plastids, the plas-
mki procl~ondd=rri-auct) wos construgted os follows, The plosmid
puveD contained PCR-amplified (using P and P2), promoter-deleted
aceld (nuclcotides 59,645-%9.748 were deletod, aecession number
Z00044) betweon the Simal-Sad] iles of pltC18. The plusmid préecl—
aewd comained a PCR-amplified (using P3 and 14) rhol fragment and
the 3 noregoding regien of rbel (nuoleotides §7,561-59,644, noees-
ston numboer 200044 batween the EcoRl-Smal sitsa of pacel). The
plasmid poudd-rra aiteingd a CR-amplified (using 'S and P6} ren
pramater (nucleotides 102,563-102,716, accossien aumber Z00044)
botween the Sa/l-Kpal sitos of o pBlyeseript 1 SK-+ {Stratagena) vee-
1ar containing the uadd® gene (Svab and Mallga 1993), Finally, an
aadA*—reri cussetto from the plasmid paadd-ern was inserted into the
Smal-Noa sites of the plasmid prhol~avol) 10 praduce the plusmid

procl-aadA—-rrm—aceD. For o wonirol veclor, aadd® alone was
inscried upstream from the genulne premoter of geold (ot nuclcotide
59,643, secession number 200044),

Production and grewth of transgenic lobacao

Tobacco plants (Micotfana fubacum ov. Xanthi) werg grown
asoptically on oger-golldified M8 modiym (Murashige and Bkoog
1962) supplemented with suerose (30 g Jter™, and aseptic louves
were subjeeted Lo particle bombardmoent for henologous regombina-
tion, ps described proviously (Svab and Malign 1993), Hemoplas.
tomic transgenic shoots were genernted by repealed shoot rogunures
tlon on RMOP medium (Kioin of ul. 1988} containing 0.5 mg m!~'
apsctinomyeln dihydroshleride, and wero then reotad on M8 medium.
The rppultant Ty plonta were transplanted inta soll in pote (700 mi
plant™') and cultured in o growth chambor at 28°C ynder o lz-h 1ght/
12¢h dark regimon at & photon flux density af 300 wmol m &' during
the regulated light perind. The hemoplestomic T, genarotion way used
in pll experimonts.

Southern and Narthern blot analvses

Total cellutar DNA and tolel esllulae RNA were isolated, and
Southern and Northern blot snalyses wers performed ps doseribed pig-
viously (Madoka and Mori 2600),

Finmablet anglysis

Total leal protetn from young leaves (leal’ width 3 em) was
axtractod with & sample loading bulfer for sndlum dedeayisulfnte~
polyacryiamide pet electmphorem (SS-PAGE) (Lucmmli 1970),
Proteins (10 ug) were sopwrated by SGS-PAGIE and tranefurred enlp a
nitrocelluloge membrana, The blots wese probed with antibodics, as
deseribed previously (Saseki et nl, 1993), Antibodles were propared
againgt recombinant proteing for tobooge acel, pea aced, ond pen
aeeC, all of which wero expressed us glulathione S-trunsforass fusion
prateing, and purified as dogeribod previously (Kozaki et af. 2000).

Meavuremant of ACCuse activify
ACCusu activity in chloroplost cxtrects was moasured o
dosoribed previoysly (Sasaki of al. 1997),

Fatty actd and lipid unabwas

Fally seid eontent wie analysed ageording to the methad
described proviously (Lemieux ot al. 1990). Fatty asid methyl exters
wero quontlfied with & gas chromatograph (QC-353, GL Sclences,
Tokyg, lopan) operated ot 190°C using o CP-8i1 &8 (Chrompack,
Tokyo, Japan} column (SO m = 0.25 mm). Liplds were analysed os
deseribed proviously (Rotain of al, 2001),

Determination of starch content

Starch content was analysed uceording Lo a proviously desoribod
mothad (Focks nnd Renning 1998), Loaves (3 my) or 100 sceds were
crushed and incubated in 1 ml 80% (v/v) pqueeus athano) at 80°C for
1 h. After centrlfugation, the pellot wos extracted again with the above
solutien and the residual pellet was used for slarch nnalysis with o
storch agsay kit (Sigmad.

Etsatron microscople aralyeily

Leal tissue was fixed with 5% (v/v) pluteraldebyde in 80 mM
phosphute buffer (pH 7.2} for 8 h, and postfixed in 2% (v/v) ormium
tetroxide for 12 h. The tissue was then dehydrated in o graded series of
ncotons and embedded in Epon 812 resin, Ulira-thin sections were
stained with uranyl aeetate ond lead citrate and examined under an
electeon mictoscope (Hitachi, H-600, Tokyo, Japan).
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. Abstract

Vegatabls ails and thelr methybeihyl esters ars alteraativo renewable fuels far compresgion ignition englnes. Rifforsnt
kinds of vogetable oils und their methyl/othyl estars have been tested in diesel engines, Howevar, lobuega seed il and
tabreco s2ed oll methyl ester have npt been tested in dicsel engines, yet. Tobacco kesd ail is n non-cdibly vagetabls oif
and o by-praduet of tobaceo loaves pmduagion. To the auther's best knowledge, Lhis is the fiest study on tobnsae seed
il mothyl ester as o fuel in diesel enginey,

In this siudy, pateniial tobaceo sced production throughout the world, the oll oxtraction process from tobaceo sead
and tho transesierification process for hiodicss] preduction were examined, The praducsd tobavsa ssed oil methy! sslar
wag gharacterized by exposing its major propertes. The effects of tobacce seod eil metiy] sster addition te dissel Mo, 2
of the perfgrmanco and emissions of a feur gyele, lour eylinder wirbocharged indireot injection ¢I131) digsal engine wers
gxamined at both [ull und panial loads, Experimental resuits showed that tolucco seed oil methyl estor can be garlially
substituted for tho diese! fuel at mast operating conditions In terme of performance parameters and cmissions without
tiiy ongine modification and preheating of the blends.

) 2004 Elsevier Ltd, All rights rescrved,

Kopwards: Tabacgo seed oll; Mathyl cater: Diessl ongine; Berfarmance; Emission

i, Introduetlon

The gradual depletion of world petroleum
reserves, incroases in prices of petroleum-based
fuels and environmental pollution due to exhaust
emissions have encouraged studies te search for

*Cosmsponding nuthor, Tels +00-268-212-5532; fux: +00-
258-212-883%
E-mall addrass: n_vite@pamukkale.odu.tr (N, Usta).

altornalive fuels. In vlew of these, vagetable ails have
been considered as aliemative fuels for cempression
ignition engines. Vegetable oils are renewable, non-
toxic, biedegradable, and huve low emission profiles
[1~5]. However, thors are some drawbacks related to
the use of stralght vegotable oils in diesel engines
primarily due to their high viscosity, lower volatility
and lower heat content [6~8),

The high viscosity causes some problems in
atomization of injector systems and combustion in

0961-9334/8 - so0 [ront matler © 2004 Hisevier Led. Al rights resorved.

Gaill 0, 1616/ biombios, 2004.06.004
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Gplindsrs of diosei engings, Alsp, in long term
opargiions, high viseesily ef vagetable eils may
lead 10 ring sticking, formation of injector
deposits, development of gumming, as well qs
incompatibility with lubricating oils [1,9]. Differ-
ent techniques have baen developed 1o solve their
high viscosity and low volatility preblems of
vegstabla oils, such as prehoating eils, blending
or dilution with other fuels, transestetification and
thermat erncking/pyrolysis [1,2,10-12], Trmnsester-
ifigution appears Lo he the mest promising
teehnigue whish is a chemicul prooess of convert:
ing vogotable oil inte biodiesel fug! [5,11,13,14],
Biodigee! can bo used as n blend in diesel engines
without maedification. Detniled reviews about
transesterification procesy are available in the
literature {2,12).

The impertant compositional difference be-
fween bLiodiesel and the diessl {uel is concerned
with exygen ¢onrtent. Biodiesel centains 10-12%
pxygen in weight basis and this lowers the energy
conient. The lower enprgy contenl causes redues
tions in engine torque und power [7,15-17)
Biodiesal containing exygen roduces sxhaust emis.
siong sugh as HC, amoke and CO mainly due to
the elfeet of complets combustion [4,5,18-23].
Sinop hiadiessl contains littlo suiphyr sempared
to the digse! fuel, a significant reduetion in 80,

emission was obtained |24). There are four possible

reasons for reduction in particulatz emissions.
First i3 the presence of oxygon in fuel rich regions
of the combustion fuel spray [25-28). Second is the
medifiention of radieal pool, which inhibits key
soot formation reactions and prevides OH redieals
for oxidation of soet precursors [27,29,30], Third
is the removing carbon from soot formation
process via C-O boending within moleeule due to
oxygen, theraby sequestering carbon from the soot
formniion process [26,31-33). Fourth is the low
leval of sulphur content of biediesel (5]

NO, emissions mainly depend on the engine
fuplling systom, engine type und ongine loading,
Twa differont abservations gan be seen in the
literaturg. Fivet, higher NQ, smissions may ke due
to higher temperaturgs of eombustion chamber
uslng hindiesel [L8). This is aiso svident from
higher exhaust gas temperatures from biodiesc!
fuelled engines [l1]. Howover, seme studics

showed lower NG, omissiens [4,5,24,34,28],
This is becauss higher celane numbers of bio-
diesel shortens the ignition delsy. The amount
of premixed fuel and peak burning temperature
arc reduced, leading to the reduction in MO,
pinissions [3],

The price of edible vogetable ails is higher than
that of the diese) fuel, Therefors, instead of using
such oils, use of waste vegetable oils {18,24,36-30)
and nonsedible crude vegetable ails [11,40,41] have
been considercd as potential alternative fuels,

In the present investigation, tobaces saed eil,
that is a non-adible oll, was considered os a3
potential alternative fuel for compressian ignition
engines. Apurt from QGiannclos et al, [d3], there has
been no study reported in the literature on tobageo
seed oil ae a biodiesel. They investigated the
specifications of tobacco seed of] and compared
these speeifications with ather vagetable oils. They
suggosted that tobacce sced oil may be an
appropriate substitute for the diogel fuel. However,
tobacco seed ofl methyl or ethyl csters have not
boen scarchod and have not been {ested in any
engine yet. This was the basic motivation behind
the research in this paper.

This study has investigated (ho use aof tobuece
seed oil for biodiesel proaduction. Along with
discussien on potential tobacgo seed production
throughout the world, the oil extroetion process
from tobacece sced oil and the trpnscsterification
procoss for hiodiesel production were considered.
To assess its use as a diesol ongine fuel, the
praduced tobacco seed oil methyl ester as a
biodiesel was characterized by exposing its major
physical-chemical proportick, The enginc tests
were carried out on & turbocharged indirect
injection diesc! engine fuclled with diesel fuel No.
2 and 1obacco seed oil methyl ester (10%, 17.5%
and 25% in volume) and digsel fucl Na. 2 blends.
The results were summarized,

2. Malerists and methods
2.}, Fobacco plant

Tobacco plant is 4 beautiful plant growing to
height of 90~18¢ cm with large oval lenves. It has
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pinle flewars and green capsules cantaining Rumer-
ous vory stnall seeds. Thoe seads oan be stored in
dry conditions at ordinary temperatures and can
registant to high humldity. The average mass of
1000 seeds is in the range of 0.08-0.09 g. The oll
content of the seed ranges from 36% to 41% by
weight [42]. The remaining port consists of protain,
crude flber, carbohydrate and inorganic material,

The tobucoo plant is grown in 119 countries in
the warld [43). The leaf of the plont i a
cammercial product and used in the production
of gigareiten in tho tobacce processing industries.
Therofors, statistical information on tobucco
harvesting ures and fgaves production is available
and casily noeesvible [43].

Tobagoo suads are a by-predust of tobucoo
leaves production. Since tobaceo seed oil is a non-
adible oil, it is not used as a commercial produet in
food industry. Only a smaoll amount of tobneeo
seede is collested from fields for next year
production, most of them are left unused in fields.
There {8 no statistical information on potential
tobacoo seed and seed oll preduction in the
flicrature to the best knowledge of the author.
Howevar, they may be ostimated using the harvest-
ing area. Regarding the presant study, the seeds
used wore collected from Acipayam and Buldan
Districts of Denizli City in Turkey. =

2.2, Tohaceo seed oll extraction and biodiase!
produetion

Since tobacco seed ofl is not available in
murkets, the ofl was initially extracted from the
coliccted seeds in laboratory conditions. The
extraction procedure is as follows. Tobacco seeds
were dried for 2h at 110°C and wore ground to a
fine powder. A soxhlet extraction apparatys was
used 10 extract the oil from secds. Diethyl ether
wug used as u solvept in extraction proacess, The eil
was scparaied from the diathyl other using a Buchi
K114 rotary vaouum evaporator.

The oil was converled into maethyl ester by
means of transestarifisation process which involves
muking the triglycerides of tobacco seed oil react
with methy! alechol in the prosence of a entalyst
{NaOH) to preduce glycerol and fatty acid cater.
Although 3/1 molar ratio of aleoho! to triglycer-

ides is needsd to gempleta & irangastarificalion
process stoichiemetrically, in practies, the eatio
should be higher to drivo the equilibrlum to a
maximum ester yield. Howevar, large quantities of
methpnol slow down the phaso separation of the
two phases produced [2,11,17,44], It was reported
that the largest cstor vield is obtained for 6/1
methanel/triglyceride molar ratio which is the
twiee of stoichiomeiric ratio [38,39,45). Therefore,
the molar ratio of methyl alcoliol to glycerides was
used as 6/1. NoOH was preferred as 2 catalyst due
to its high nctivity [46). The amount af NaQH was
determined using a titration process as advised in
[47], It was found that 7.5 g NaOH was necossary
per liter of the oil, This is within the rscommended
range of catalyst in the literature {2,39), 1t has been
reporied that high catalyst congsnirations greater
than 1.5% lead to the produstion of {nrge amoeunts
of saaps [38,40).

Trangesterification process wis carried out using
the rotary evaporater including a condenser unit, a
thermostatic bath and a fask of 1000 m! volume,
The Nask is rotated in a thermostatic bath to keep
the temperature constant threughout the rosction.
The rate of transesterification rises with the
increase of reaction temperature [(44]). Howover,
the maximum operating lempotalure cannot ex-
ceed the boiling point of the aleoho! uecd in the
process. For this renson, the temporature chosen
for the reactlons was 55°C which is below the
boiling temperature of methanol. The process can
be summarized as follows: The tobacco seod ail
was hoated to 55°C, NaOH was dissolved In
methenol te produce the methoxide. Then the
prepared methoxide was poured into the oil, The
solution was stirred for 90min helding the
temperature at 55°C. Then, the heater was turned
off and stirring was being continued for 90 minutes
without heating. The mixture was put in @
separation funnel and was allowed te form (wo
layers overnight. The bottom layer was glycerol
while the uppor layer was the ester. After sottling is
complete, the glycerin was taken out.

The ester was washed with puro water throo
times. Small amount of phospshoric acid (2.5ml/l
of the oil) was used in the first washing. At the epd
of the process the oil was heated to 90°C at
vaguum to remove any water from the oil left in
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the ester, The final cster hegame slear steaw yeliow,
‘Fhe tabasoa seed oil und tahacoo seed oil methyl
cster will be relorred to as TSQ and TSOME,
respectively throughout the papor. Also digsol fuel
Ma. 2 will be referred to as 1D,

3.3 Bxpesimental apaaratus for enging (ests and
exhaust shiissians

The experimental sstsup cansiats of u turba-
charged indisect injeetion (IBD) digsel sngine, an
engine leat bed and twe gas annlyzers, The
spesifioations of the dlesel engine arg given in
Table |, A Cussons-PH6S] type engine test bed
cenalsts of a hydraulie dynamomelor, measarc-
ment instruments and @ aniral punel, The
hydraulic dynumometer is water cooled and rated
for 112KW (150bhp) power absemption at
9000 rpm muximum operating speed. Tho Joad
an tho dynamemeater was measured by using &
straln gauge load senser. faduclive pickup specd
senser was used 0 mousure the speed of ths
engine. The fuel consumpiion was measured with a
bueglte with 80 and 100ml volumes and o
stopwatch, Air inlet, fusl, enpine coclant inlet-
outlst, lubricating oil, oxhayst gas lemporatures
were measured by K {ypa thermosouples. There
are two fyel tanks, One is for the diesel fuel and
the sther for an allernative fuel, A Sun MGA 1200
gus analyzer was uked 1o measure CO omigsion. A
MRU 85/CD gas analyzer was used Lo measure
NO, and SC; emissions. '

Fahle |
Specifieatlons of tha digsel enging

Tﬂic a Fnr_(i XLD 41-8‘1"
turbochurged 4 strake, water
waolod, 1E1

Nupihar of eylindar 4

Hake ' 82,0 pun
Nare 2.5 mm
Compresgion rutio 21,81
Displncemant 1.753)

Maxlmum tasque
Mpximum pawgr
Type of injection pump

162 Nm ai 2200 rpin
S5 LW gt 4800 rpmi
Rotary distributer

Table 2
'Fhe assuscics of the measursments and the unceripinitics in
the caleulated results

Measurements

Acguragy
Land FAH
8nged S2mm
Timg 0.4
Tamneralueee #1:0
ca F¥ppm
Ng, %0 ppm
56; F20 ppm
Calsulaied reaylis Ungartainty
Tusque T
Power pEL
hBﬁ] $ 515%

Thermal alfisieny $32.9%

Y

The four fuels iested in the experiments ware
diesel fuel No. 2 and blonds contalning TSOME in
10%, 17.5% and 25% proportions by volume. In
this study, the legend D100 represonts 100% the
diesal fugl No, 2, whilo DO/ TSOMEI0 is 90% the
diessl fual mixod with 10% TEOME, DBE.5/
TSOME11.5 is 82.5% the diese! fuel mixed wilh
17.4% THSOME and D78/TROME2S is 75% ths
diesel fuel mixed with 25% TSOME in volume
baais,

Experiments were carried out at different loads
(Full-100%, 75% and 50%). The blends wore
prepared just before the experiments, The fuels
were tested in the engine runming at 150 bar
griginal fuel injectlon pressure. The mecuraciss of
the measurements and the uncepinlntics in the
calculated results are shown in Table 2.

3. Resulis and discusslon

3.1. Potential tebacco ssed all praduciion, ail
oxtraction, TROME produotion aud ifs
characierization

The seads wero collcoted with a special care lo
find the seed yield of the harvesting nreas, The soed
vield was dotermined ns 617kg (F142kg) per
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hectaro aroa of tobaceo plant in Danizli. 1t should
he umphasized that the seed yield may vary
considerably depending on the type of the tobaceo
plant and arca. For example, Patel ot al. [48)
detormined that a type of tobageo plant in India
cun give the seed yield an 1171 kg/ha, The oil
contont of the collecied seeds was found approxie
malely 38% (T 2%) in weight using disthyl ether
as an gxtraction solvent,

The catimation voluss of potential tobacco seed
producticn in the world shown in Table 3 is based
on the seed vield obtained in harvesting areas in
Denizli as stated above. Alse, Table 3 includos the
estimation values of the seed oil production,

Ten major countries having harvesting arens
greater than 50000 heetares liold approximately,
75% of the potential production in the world. The
other 109 countrios have approximatcly, 25% of
the polential produstion. It ean be concluded that
the tobacco seed oil may be a great source of
biodiesel production in the world, espegially in ten
counlries shown in the table.

Another point is the feasibility of the production
of this source on large senle. Singe seeds arce
coilected after leaves are collocted, this process
does not interrupt lenves production. Using seeds
for bicdiesel production will also bring an exira

Trhls 3
Statisteal infarmetion about {abacgo [43)

income for farmers. Howevar, there is one thing to
be noted: unfortunately there are some difficultios
in collecting seeds from flelds. This may be easily
eliminated by designing speclal machines similar t0
wheat combine harvester. In addition, the tobasge
seed cake constituting the rest of the oil extraction
is kaown to be rich in nitrogen (around 6%),
therefore could serve as an animal feed supploment.

The other interesting aspect {6 that cigarettes are
made of leaves of tobacco plants and they arg
hurmful to humnn health, By means of biediescl
production from the tobucco seed oil, tobucco
plant will probably become something useful.
Instead of using its leaves, maybe one day only
its seed will be used,

The fatty acid composition of the tobaceo sead
oil and the other vegetablo eils are compnred In
Tuble 4. The fatty acid composition of tobacco
soed oil is dominated by lnoleic, oleic, palmitic,
stearic fatly aclds plus much less proportions of
linolenic, sicosanoic, palmitoleic, cicosenoic, hep-
tadeeanpic und behenic acids {42,49], The major
fawty acid in the ofl i linoleic (67.75-69.49%),
similar to soybenn, sunflower, cotton and corn
oils. The fatly acid compaosition of the oll would
allow prediction of important properties of this
material [50~33].

"> Gt

Couptry Harvesting srex (hactures) Bstimated" seed (kg) Estimated® ail (kg)
2081 2002° 2002 2002

China 1,339,600 1,330,408 820,861,746 311,927,460
Indin 595,500 425,000 162,225,000 98 645,500
Brazl] 326,000 377,000 232,008,600 £B,391,420
Tutkey ' 237318 207,140 127,805,380 48,566,044
Indonetia 208,000 ans.000 126,485,000 48,064,300
UBA 174,963 175,742 107,221,404 40,744,028
Malawi 160,200 190,200 (1,823,400 23,482,802
Zimbahwe 77,558 1,488 47,853,286 18,184,249
Arpeatinn 60,000 45,500 40,413,500 15,857,130
Grpcss §7,000 7,000 35,168,000 14,364,220
The rest of the world? 1,326,776 1,047,246 646,150,782 245,537,299
Warld Touwl 4,201,944

4,065,834

2,508,619.578

953,275,440

*Estimated sced yield: 617 kg seed per hec.l.ilrc.
YEgtimated oif yield « 38% (in wolght) of seqd.
“Rratiminury.

4309 coyntries which bne the harvesting area aas thaa 50,000 heglares,
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Wubla 4

Heity seid comnnsiians of eemmen vegeinhle oils (3% by weight)

e i

Fnuy acid Tobugao debeap[l'zl. .linpa_swd'[-lz] - Bunﬁawe-l;tﬁ]h Cotton {12]  Paim [12] ~ Com [15:}
T ERCY
Myiic (140 000 017 00 00 e 00 00 a0
Falmltic (16.0) 1096 887 139 15 6.4 28.7 4.6 1.8
Pulmitaleic (16i1) 063 00 8. 0.4 0.4 0.0 0.3 .0
Stearie (18:0} 334 1,48 23 89 29 0.8 44 2.0
Gigia (1811) 488 134 933 fi,] 134 130 40,5 248
Linciels (183 w4 8195 562 2.1 719 7.4 141 6.3
Lipplanic (18:3) .62 4,30 43 4.2 4.0 0.0 4.2 (.0
Gliers 0eg 212 00 (RY 08 0.8 1.8 0.1
To this siudy, BG% of the ofl was converted to 53 W
hizdiessl using the tramsesterification prosess E KN AT

deseribad in the provioys spgtion, This i5 an
ageoptable yield for u crude ol {34). However, an
angoing rescarch in eur laborotory is bolng carried
aut ta be wble to ingreasc this percentugs,

The dynamis viscosity values of TSO, TSOME
and the diesel fuels used in the experimoents were
measured al differant temperstures using Brook-
field Rotary viscometers RVDVII+. Fig. | shows
the varintions of ke dynamie viscosities with
lemperature range (rom S to 45°C, 1t is shown in
the figure that the transesterification of TSO
pravided a significant reduction in viscosity,
espocially at low tomperatyres. The varlation of
TSOME viseosity is very close to the diesel fuel,
The uddition of TSOME slightly increased the
viscosilies of blends,

The properties of biodiesel produced are very
important and should be taken into consideration
beforc testing it in the engine [55,56], The proper-
ties of TSOME and Diescl fuel No. 2 on the basis
of DIN EN 14214 stundards are given in Table 5.
It can be seen that the propertles of TSOME are¢ in
ihe acceptable ranges. :

3.2, Effects of TSOME addition on perfornance
and emissions of the engine ar different loading
conteitions

The results of engine leats garried out on a
turhocharged indireet injection diesel engine
fuelled with the diessl fuel No. 2 and the threc
blends are summarized hore,

D deo—yrerreay . ey e et oy )

VW25 I RS WD A0S WD E MO NE g
Temporivre (1)

Flg. 1. The change of dynamic vissositics ef T80 (1obacgo seed
oil}, TEOME (tobnceo soed all methyl gator) and dlessl fuel
Wo. 2 with temperatara.

TSOME addition did not show nny appreciable
variatien in the engine perfarmance. However,
although the heating value of the TSOME is lower
then that of the diesel fusl, in most cases TSOME
blends resulted in slightly higher terque and power
relative to the diesel fucl at full load. The higher
torque and power by the blends may be explained
with severnl reasons. First of all, the fue! is
pumped to (ho cylinders on velumetric basis,
therefore higher density of the blonds provides
larger moss flow rate for the same fuel volums,
Meanwhile more viscous blend means less internal
leukage in the fuel pump [§6-58]. Alse, TSOME
contains approximatoly 11.5% (in weight) oxygen
that takes part in combustion and this may be a
possible reagon for more complete combustion,
thereby increasing the torque and power [4,11).
The higher power with the blends is conslstent
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Tablg §

Speolfisations of THOME and Diese! Auel Mo, 2.

1’[‘[3]1;;_;-1)! - Unit Bli'»i BN_"MEM Ilmils ']‘SGME Ii)i-c-snl No. 2 Fostlng m:_:l?md
Min. - Mnx,

Estor contont % mm 968 9815 * pe N 14169

Peusity at 15°C kg/m3 860 909 886.8 841.5 EN 180 167§

Viscosily at 40°C mm2/s 33 5.0 35 29 EM 180 3104

Sulfuy content mg/kg — H i) 6 6800 166} 4505

Catape punher L} it §1.5 £N 180 8165

Water gaalont my/kg - 200 368 1690 2N 180 15037

Agid valug MaKQH /g 0.5 n.4s — pr W 14104

tadino value 120 112 = pr BN 1411

30511 44631

Huitting viiue klikg

wilh the thermal sfficiency trends, Fha eficiensy af
the blends s slightly higher than the corresponding
value of the diesel fuel. This means that the
combustion of the blends wes completed more
efflciently than the combustion of the diesel fuel
[18,41,58],

Among the blends, D82.5/TSOMEL?7.5 pro-
vided the maximum increasg in the torque, power
and thermal efficiency. The maximum inerease in
power was occurred ut 2000 rpm as 28.74 kW, This
value is 3.13% higher than the power 27.84 kW
obtained with the diese] fuel. Furthermorg, the
peak thermal efficiency was observed at 2500 rpm
as 29.8%. This is approximately 2.02% higher
than thermal officiency of the diosel fuel,

Although D75/TSOME2S provided slightly
higher powsr than that of diesel fuel, the power
of thig biond is lower than that of 1D82.5/
TSOMEI17.5, It should be emphasized that after
a certain amount of TSOME, the advantage of
TSOME muy be lost partly due to the lower
heating value and the higher viscosity. Although
TSOME viscosity is fairly close to the diescl fuel
viscosity, the reduction in powesr and efficiency
with higher content of TSOME in the blend was
inevitable due to lower heating value [4), I the
TSOME content is continved te increase, the
power and efficiency of the blend will be lower
than those of diesel fuel.

Diasel Mo, 2 fuel and DE2.5/TEOMELT.§ were
also tested gt partlal londs (75% and 50%), All the
performance parametors were feund o be very

T T—— T p——re

clasa to cagh ather, Al the partial loads, the avgrall
mixtueg was furthey lenned oul, Therefors additign
of TSOME had only a slight beneficlal effect as an
oxygenated fuel on pecformunce [B], Since the
heating value of TSOME is lower than that of the
diesol fuel, there were slight reductions in (he
cngine torque and power. Although, the thermal
efficiency of D82.5/TSOMEI!7.5 {5 higher than
that of the diesel fuel at the full load, at the partial
Joads the blend presented lower thermal cfficiency
than the diesel fuel [16). This Is consiatent with the
power reduction, This indicates that the addition
of oxygenated fuel is most effective in rich
combustions [59-61),

Generally, CO lovel decrensed with the additlon
of TSOME mainly due to the complete combus-
tion [4,58,62]. The lowest CO was abtained with
D75/TSOMEZ2S. 1t is very likely that this is due to
the highest exygen content of this blend. CO and
soot compete for the available oxygen in the rich
combustion regime at the full engine load. At the
partial loads, TSOME fuel blends have only a
slight effect on the CO cmisslons duc to the
dominant premixed lean combustion with excess
oxygen under these conditions [59,60], CO level
decroased sharply with speed at the full load.
However, the level is more stable at the partial
loads.

TSOME contains [airly low sulfur compared
to Biesat fuel [42.63], therefare 8O omissions af
the blends were lower than those of the dicsel
fuel as expected. For example, D§2.5/TSOME17.5
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showed a significant reductian in Q3 (up to 4584)
at full laad, similar ta the result found by Dorado
et al, [24], This amount of reduction wos also
detorminse at partial londs.

The NO, emissions of the TSOME blends were
slightly higher than those of the diessl fucl at both
full and padial loads. There are mainly three
factors aifecting NO, emlssion; oxygen concentra-
tion, combustion lomperature and time. The
higher temparatures of combustion chamber and
the presence of fuel exygen with TSOME caused
higher NQ, emissions, papesinlly at {ull load
118,24,64), The resulta showed that the Inerease
wag around 5% at full lead. Howevar, this incronse
was negligible at purtial loads, especially at 50%
load. Although the oxygen concentration is higher
at partial londs, the combustion temparature and
time decrense, leading low NO,. Alsg, it is known
thut the external oxygen supplied with air s loss
offetive than the fucl-bprae oxygen in the
peaguction of NOy.

4, Canglugions

In this study, tobacco sced il methy] ester hos
baon producsd and tested in a diesel engine a8 an
altarnative dicsel fuel. The experimental results are
deseribed as follows:

(1) There Is remarkable tobaceo seed oil potential
for biodiess] productien in the woeld.

(2) The seed yield was determined as 617kg
(T 142 kg)/ha and the oil exiraction yield of
tohuceo seed was Tound s 38% (F2%) in
woight bukis with disthiyl ether as a solvent.

(3) In (runsesterification process of TSO, the
molor ratio of methyl aleohol to glycerides
wus used as 6/1 with 7.5 NaOH per litre of
the oil as u catalyst and the reaction tempsras
ture was kept at 55%C, The 86% of the crude
oil could be converted to biodiosel,

(4) The determined propertics of the TSOME are
suitable for DIN EN 14214 standurds,

(5) TSOME addition did not show uany consider-
able varintion in the engine performance.

(G) The addition of TSOME decreased CO emis-
sion due to the fact that TSOME contnins

abeut 11.4% oxygen by waight, and this
oxygen helps to oxidizs the gombustion pro-
ducts in the cylinder, There was u siguificant
8Q; reduction with blends duo to lower
sulphuy content of the biodiess!, WO, cise
sions slightly inereased dug 1o higher combus.
tlon tempesuture and the peosonce of fusl
oxygen with blend at full lead, Howover, the
inorensing amouni of NO, emission slowed
down with docrsasing load.

As o rosult of all of the findings mentioned
abowo, It enn be concluded that tobasceo sced oil
mothyl ester can be partially (up to 25-30%)
substituted for dicse! fuel No. 2 at most operating
conditions in terms of performance pursmelers
and emissions without any engine maodification
and preheating of the blends.
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Small Scale Oilseed Processing - Technical Brief

BRACTICAL ACTION
Technnlogy ehalionging poverty

Mast eaunirian in $he workd have large rofinarios pradusing seoking oil from o varsty ofraw naterials moluding maizs, sunflower, soyw, covonut, muitard seed aud
groundmgy, These large centealizod plants havy the sdvantage of high efficiency and reduced costa due 1o the economy of seale. Benpite this, in many sftuations
siraller soake decentralised ol extraction cun prove to be cconenic and provide opportunities fbr income gencration. Mosi commonly, opportunities exist where:

+ ofl procluced in the large refineries docs not find #ts way out to more remote andd distant rural arcos, * high transport costs are ivolved in wide
digrhution of angking oil sy inercnsing tho price ofoil « small fammers produse oilseods suoh ne groundnuts for saks to the Lirge rofinorkg whioh they
then buy back, at high cost, in the form of cooking ol but without the valuable high protein il cake. + the crude ofl is used 1o produge odded value
products, most sommanly soap. « more unusual, kigh vahe oilkecds are available; examples inchude Brazdl Nuts, Macadamin Nuts.

Vil P01.jpg
Figwre 1; Sunflowgra grown in Konya ©Practical Astion/™ans Koyongo

‘e nam ks that need to be considered vro;
‘The policy enviranment

In imay countries the oil proeossing asotor is highly politicised and regulations exist whish make entering the nurker difficult ard tend to support the monopaly of
the krge progossers. Large rofineries way, fr exnnple, insist that firmers sell all their seed undar a contraat. In other cases seod has to be sokd to a gontral
Gowvernment mnrketing baard, the board alvo supplying seod for planting. To dotermine whother seull sgake proceasing is likely to be sconomic it is mpat mponant
to firat investigate the lecal situation and regulations,

Raw material supply

Clently there nwist be sufficiont raw material available locally. One factor that will greatly nfluenge the viability ofthe enterprise will be the amount ofcredit noeded
to purchage a stock of seed. Tho enterprise should aim to keep the naintmmi stoek ofgsed but alwvays have onough o continue eperating throughowut the year, This
requires consideruble waorking capital

Marketing

In general more profit will be nude ifthe cooking oil is packed into retall sizo bottes. In many countries glass or plastio bottlos are difilsult to obtain and need 1o be
prchased in large quantities so tying up capital The possibility of using socond-hand bottkes should be examtnod ns woll ag selling in drums 10 local stores, A
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syrvey need to be carried out to make sure that the packaging used meets the demands of customers. (og size of pack, type of contaler)

The vinbility of any of! extraction enterprise depends to a considerable extent on the sale of the oil cake for use in anfmal fecds and other sub-products. Markets for
ail cnko wast be imestignted and denond established befbre proeessing staua,

Health and safoty

As oll progassing is elassificd as o fbod procassing onterprise it will be subject to beal kegislation. Care should be taken Lhat standards ore understood and met, The
panticular probikem ol aflvoxing will require aitention. Aflatoxing are natural poisons produced by ecrtoin moulds (hat grow on seeds and mits. They are of
considerable congern to oil seed processors arkd groundnuts are particularly susceptible to coptamination. The growth of aflatoxin produeing moulds can beo
prevanied by comest diymg und hy preventing moisture ploleup by raw materinls in stors, It is most important that those considering establishing an odible ofl
spterprisc should be able to racognise aflatoxin producing moukds and understand how to correctly sclect and storo raw taterials, 1faflatoxin is present very Iie
passes 10 the extracted ofl, the nsjorlty will be found in the eake remaining ofler ¢xtrnction. Aflatoxin contpninoted eake presents a real danger if ircorporated i
Uvestock feeds. As aflatoxin is difficull to remove good practice is essential to prevent any mould growth nnd so prevent problens.

Not ali cilseed crops are sultable for processing at snull scaks, the most commmon types that are suitable mchude growsdnut, sunflower, eqeomst, sesame, nuuwtard
ecad, ol palin und shea muts. Typical oil contents of conmmon raw materials are shown {n Table 1,

Tahle 1 Conmmen oils and thelr uses

Ry ——
i Ofleoeds
5"?-' i TR
i
| Cnstor 3555 Paints, ubseants
i
i :
‘oﬁon 15-253 Cooking oil soaps
e e e S r ey R
Linged 35-44 Paints
Rape/musiard 4(-45 Cooking ol
g iy ¥ Tt pcecrros O e haaia
Sesame Cooking ail
R e R ikl B i KA S ] [P e e e R O T
Sunflower Gaoking oi
Nuts
Coenmut 35 (Fresh) j| Eeoking oll, soaps
!
Groundnuts 38-80 Cooking oil, soops
I'alm K.emel 46-57 Cooking oll, cosmetics
Shea muts 34-44 Ceoking oll, soaps
e e, [ =
Mosecarm Palm it || av. 36 Cooking oll, seap

Liy many eascs the erude extracted ofl Is not suftable for human consumption untd] it has boen refined to remove undeskrable frec fatty ueids that teate raneld, dark
colours and waxes. Refintng involves considerable extra equiptmant costz, The most suitable cils for siall and medium seale extraction are thuss that need fittle or
no refining eg. mustard, sesame, growndnut, sunflower, palm and palm kemcl .
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Methods of extraction

Fivg commion inetheds aro used (o oxtract ol

a) Wotor assisted, Hors the fincly ground oilsoed 15 either boilod in watar and the oll that floats to the surface is skinumed off er ground kemsls are
mixed with watsr and squeezed and 1ixad by hand to releose the il b Manual preesing, Hore oilsoeds, usually pre-ground, arc presscd in manuat
sCrew prepses. A typical press i shown in dingram 1. ¢) Expelling. An expeller consists of a motor driven serew tuming in a perfbrated cage. The
scrow pushes the mnterial against a small outlot, the "choke”. Great pressure is exertzd on the oilseed fd through the machine to extraet the ofl
Expeling is a contihuous method unlike the previous two batch systerns. d) Ghanis, A ghani consists of'a large pestie and mortar rotated either by
aninzal power ar by a motor. Sesd Is f2d slowly into the mortar and the pressure exertod by the pestle broaks the volls and releases (e oil. Ghoni
teehnology is mmnty restricted to the Indian sub-continent. o) Solvent extreetion. Cils fiom seeds or tho cnke remaining ftom expoliing bs extractod
with solvents nnd the oil is recovered after distiling off the solvent under vacyum.

Mast small entamrizes will find ihat sl axpallers are ths bekt techielagy ehoioe, Mathads such us waler axtimation and mamial prasaing only praduge snall
amaunts of oil por day, the extraction afficionciss are Inw and labour requiremonts high. Salvent extraetion whiles highly efficignt involves very subsiantial eapital east
and is only ceonomie at laego seale. There are ako health and safety risk from using inflamrmablo solvents,

The basic sieps nvohed i processing oilseeds by expellor are shown in the flow diagram below.

Fle:P03a jpg
Equipment required

The cquipment nseded (o set up a snull or medium seals ail extraction enterprise flls Mo throe main catogorics:

. + pro-extrogtion eguipment; og dohullers, sead/kerncl crackers, ronsters, mills.
+ quirnctlon cquipment; manual prosees, ghanis, expoliers
+ equipment Hr basic refining ofthe ofl; fliers, setfling tanky,

FilgP0o3h, %
TFigwa 3: Beeoitiatlug mashing

The spesific oquipment required will dopond an the partleular crop baeing procesked, e fingl oil qualtty tequired and the sonke of opcration. 1n o smad guide i &

impossible to cover both the whol range ofteghnical options end possiblo crops the fbliowing section Gonoentraios on one cxampis; the oxtragtion of sunflower
and groundnut oit by expelier.

Shelling or dehulling

Mozt oil bearing seed nued (o be seporated fom outer busk or shell. This i8 rofgrred 0 as shelling, hulling er decortication. Shelling incronses the il extraction
officiancy awd reduces wanr i tha expeller as the huske are abrasive. In general some 10% ofhugk i addad back prior to espelling as the fibre allows the nachine
to grip or bite on the matcrial

A wide rangs of manugl and meshanical deortisrtors are avnilpble and typicel examples are shown in Pigure 2.

After decortiontion the shell may have to bo separated Bom the kernels by whinowing, At small scake this can be done by throwing the nwilerial into the air und
oflowing (he air to blow sway the husk. At kwiger scale wechanioal winnewsrs nnd secd cloaners are availabks

'flesating or conditioning

Pre-heating (he sceds prior te expelling specds up tho release of the oil Pre-heating Is generally carrled ot in a steam heatod kettle mowitod above the expelier.

File PO4a.gif
Figure 3: Two sarcen Oraiveeed cleaner gum grader

Expelling

A wide ranga of makes and sizes of eupsllors ape gvailable, tn India in particular o aumber of ¢fliclent small or "baby” expellrs wre available. A typicol example
with 8 capacity of up to 100 kg/hr s shown in figre.3. This machine has & central eylinder or age fted with oight separato sections or "wormns". This Sexble
system pllows single or doubk-revarso use and spronds wear more evenly along the serew. When the serew becomes worn only individual sections require repair
thus reducing maintenance cogls. As the matorial passes dough the expeller the ofl is squeezed out, exits through the parforated cage ond s eolisated in u trough
under the machine, The solid residue, ofl ¢alie, oxita Giom the end of the expeller shatt where it is bagged,

PleP04bjpg
Flgwre 4: Timyteeh oil expaller it apermtion in Zivbabwe ©@Proctiea) ActionK olth Maghelt
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Filtration

The sruda expelied oll conteins solid particlss. Thess can be removed by allowing the oil te siand ond then filtoring the slear oli by gravity through fine clath. A
batter bul noio expersive mithod B pumping the srude of through a (lter press.

The typical systoin deserbed above can be obtnined fhr about $US 4500 (1992 prics) ond consista of

Docorticator with ower ta ramove shell, 150 kpfiv
Hoikr, 50 ke steanyhr at 30 psi '

Gopkar

Bxpeiise 74 - 108 kghr

Tiher pung and prage.

Fils 08 pif
iguee 8: A file pross

£ fliling into estad packs s planad a simple manual piston filer wauki bo roquired,

Production capacity

A sowll mill s desoribed above haa the tbliowing enpacity (bused on single shift, 8 hrs/day, 24 days/menth)

i;ginnﬁumT

kg/ day

J

llﬁmumim;t.‘&ml 864 248,932
| g TR LYY T

S S S RS ] | SRR T

olleake 566 163,164

o

Sunflower Seed || 720 207,360

JP O UV | SO i pee e

oil litrey 48,885

pilkaks 150,444

R = s L =

Hcanoie viahility will be roatly incransed ifthe null works double ahif

‘m;m‘a afmuplayment o sall ofl mill would provide work far the owner/manager and e workers,

Equipment suppliers

Note! This is a selective st of supplisrs and doas net inply sndorseiant by Prastical Action,

Agro Industvinl Ageney

Monr Malaviya Vadi

Gotwlal Road

Rajkos - 360 002

Indin

Tol+91 2681 461134/462079/481214

Fax:-+0] 281 461770

Rimail: jugdishmdia@hotvuil com (mailogugdishhdin@hotwnail.carm)

» “Jugeish” Tiny Ol Proes

Used far di extractinn of vegaiabl oil fom oibeods, The reverse worm aystanm in the pressing chomber rosulls in the highsst resovery of oll,
Tood Ciroups: Otlsseds. Capacity; 50 kghouwr

Power: DisgolElectric

an.howtopadia,org/Pitle=How_to_Pracess_Qilseed_an_a_Small_Scolo&ealdid= 2035
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TinyTesh Danis Tagore Road

Rajkot - 360 002

Indin

Tel +91 281 2480166, 24684835, 2431086

Foxi+91 2R] 2467582

Email: tinytech@rinyteshindia, vom (maiioalnytesh@tinytachindis. com)
Woabsier Litpyswv. linylachindd. cony

* Qll expstierg
Cnpaeﬂys 125 hg}}mu;__ Bower: Hlsotric

= Filter Prasy
This iz suitable for the Slration of oik It gives travgparent, very clean oil withowt eny solkl partichs. Food Greups: Ollsaeds
Capasity: 100-200 Hrosfour

Ahan Blangh Chelwosth
Malnweshuny

Wihshirg

ENIA 986

UK

Tek +44 (1) 666 577334
Tor: 444 (D) 660 §77339

+ Expeofllers / Ol Serow Press - mode! inimi 50

Barret cotwstrucied fiom separate onst rings spoced apart by shims, The barrels ure 60mm dianeter by 155mm draiage kngth with o single picoo worm shaft
driven fom the discharge end through o \etally enclosed intermediate ehain, The unit i comploto with feed hoppor, manunl feed chute, oil diseharge spout and base
ate. A versatile, low cost nichine, designed to suit village conrmunities or small industries, Sultable for ofl and eattls eake. Food Groups: Oilseeds
‘pncity: 50 kg/haur input.
Power; DisselElsetrio

C 8 KeliCo

170 Wogl Ravis Bireat
PO Box 291

Tiftin

Ohio

UBA

Tel+1 415 448 0791
Fax:+] 4]9 448 1203

» No,60 Pawer Grist Mill

This mill is suitable for uke on large and small fien, Adjustablo fbr grinding texture. Includes hopper, feed rogulator slide, conrse and fine grinding buavs and 12
inch diameter publey, Food Groups: Carenls/Oilseeds/Herbs/apices

Capacily: 150 kghour

Power: Bleotric/Manuel

Fargharg Agritech India PVT Lid
123, GIDE Batate
Makapura
iroda - 390 010
ihip
Tel+81 (0} 268 645782
Fax:+91 (D) 268 641683
Fimail: ForsagriGud 1. vapl net.in (miiteTorsagrigdad ! vsnlnat.in)

= Pneumatic Aspirator / Winnower

‘This machine i used for "air wushing” of the naterial to remave all dust, lights and impuritics which are lighter thau the seed. Wirmowing of harvested and threshed
socds.

Food Groups: Cereals/Herbs/spices/Oflseads

Ashoka Indusiries Kiroma
Whalgnmimully

Sri Lanka

Tak+04 71 847358

* QI Expeller

Food Groups: Oilscads

Copgeity: § lirss/hour. Power: Blaetric
Goldin India Equipment 'V Liniitad

en.howtopadia.grg/Ttitie=s Mow_to_Process_Qilseed_on_s_Small_Scale&eldids 2035 5"
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F-29, BAD.C. Industrial

Estate

Gorwn

Vadodara - 390 016

Gujarat

[ndin

Tek-+2} {03 265 1801 16R/380 461

Pax; 01 (0) 268 3801 107380 4461

Enull: gold n@HQUIP. XERBDG xeciail.com (maitegokiinggEQUIP XEEBDQ xeemallcom)

+ Soreon Atr Soparator / Graln loanors

Mot suited a8 preclsuner befbre storage afseeds. Voriable spaed drive ensures necurate quality separations at high capacity. Totally enclosed uspiration system
with ayelous provides dust free warkig in the plan,
Foed Groups: Cereals/Herbs/spices/Oilsecds/Vegetables Capacity: 100 - 2000 kghowr, Power: Battery/Tlectric

Flowar fond Conpany

91738 Ram Indra Road,

Sui 10, Km4d

Bonghok

Thailnd

Tel:+66 2 8212203 / $523420

» Sead Dogonicator Machine
Yood Groups: Qilseods
Capagity: 500 kghowr. Power; Mectrie

igorian Qil Mills 144
JRux 264
Alta
Gwerm
IneSiate
Nigeria

« Milling Maching / Mills and Grinders

This machive & used for crushing palin kermels, growdne seeds and morings soeds to extuct oil
Faod Groups: Oilsceds/Nuts/Herbe/sploes

Powor: Blectrio/Marual

» Qit Expoller

This machine i used fbr cruahing palv kemels, greundmit sneds and maringn faods (o oxtret oll, Foad Groups: OllseodsMuts/Horbe/spises
Fower: Dkeirk/Maug!

References and further reading

« The Manual Soraw Bress: For smathscals oil extraction Kathryn H. Potts and Keith Machell, TTDG Publications 1995
* Smoll Seale Vegetable Ol Extraction S.W. Head ot al, NRJ, 1SBN 085954 387 0
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