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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisién 488 de la Comisién de la Comunidad Andina, se cemunica:

1. ﬂcgeument‘@s estudiados

Descripeién: .; Folios 40283 =~ 08/10/2000 |
Reivindicacienes: . Folios 85 a87 ~ 08/10/2009

Dibujos: Folios 69 a 70 08/1 0/2008
Prioridad: 'RM2007A000129  14/03/2007

2. Aﬁéiisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta sollcltud fue presentada dentro
del plazo establecide (Art. 9 D 486), y su contenido téenico corresponde con el de la
prrorldad reivindicada.

3. Objeto de la invencién

Titule de la seligitud: "Planta de tabaco mutagenizada como cultivo de semillas para
la produccién de aceite para usos energéticos, industriales y alimenticios.”

El problema planteado en esta solicitud consiste en suministrar materia prima
eficiente para la obtencién de biodiesel y otros suplentes a partir de semillas de
tabaco

Para reselver este problema técnico |g selisitud en estudio proporciona plantas
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eapaces de producir grandes cantidades de semillas para obtener aceite.

El objeto de la presents Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): C12N 15/82; AO1H 1/08

4. Execepcidn a la Patentabllidad (Art 20 D 486 literal (c))

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

El objeto de las reivindicaciones 9 a 10 no es patentable de acuerdo con el Art eitado,
las etapas de los métodes reclamados corresponden a procesos esenciaimente
biolégicos como son la obtencién de plantas a través de cruces y la germinacion de
semillas

8. Reivindicaciones relativas a un uso o a un segundo use (Art 14 y 21 D 486)
El us;cg 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 modificar el titulo ya que las 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
vectores de transformacion. El solicitante debe propercionar el tipo de vector y la
secuencia exacta recombinante que es introducida en dicho vector. Ademas, se
infarma al solicitante que el literal g corresponde a un proceso esencialmente
bioldgico por lo que no es patentable segtin Art 20 D 488 literal c.

Las relvindicaciones 18 a 23 no son claras por que no caracterizan la materia a ser
patentada, los aceites extraidos, complementos alimenticios y biodiesel deben ser
caracterizados por sus componentes y proporciones, de manera que sea claro cual
es el aporte del inventor.

Descripeion (Art 28 D 486)

La Descripcion no divulga la invencion de manera suficientemente completa para que
el laipersona del oficio normalmente versada en la materia pueda ejecutarla (6
reproduciria), la descripcién hace referencia a el biodiesel ecaracterizado por ser
totalmente compuesto por aceite de tabaco (folio 53) sin embargo para que dicha
matetia 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 etra parte la descripcién menciona plantas transfarmadas con vectores gue
codif’ican enzimas de interés para modificar la composicién y cantidad de aceite
produaldo por la semilla de la planta (foho 48) sin embargo no divulga cuales son los
vectores usados ni cuales las secuencias recombinantes | intreducidas, de manera
que 'la invencién carece de divulgacion suficiente y sustento

7. Determinacion del Estado de la Técnieca
El Estadc de la Técnica se determiné con base en fecha de presentacion de la

solicitud de prioridad: 14/03/2007, y se encontraron ios slguientes doeumentos que
antlmpan el objeto de esta solicitud:

e . | Feshade
Item Décumepté 3 Tltulo Publicacién®
. 12 | Nucleic acid fragment encoding herbicide ‘ A
D? EPQ’?E’T%E_ resistant plant acetolactate synthase. 02/Marza/1888
| Planf C él! Chloroplast Transformation with Modiﬁeq B
g Physiol accD Operon Increases Acetyl-
Dz 43(‘42), 15'1 B~ CoA Carboxylase and Causes Extension of 2002
' 1 5’25' Leaf Langevity and Increase in ‘
L . Seed Yield in Tobacco ‘} _ -
D3 Howtopedia How to Process Qilseed on a Small Scale 2006
. | Biomass and Use of tobacco seed oil methyl ester in @ o
D4 | Bioenergy 28 turbocharged ] 2005
f 77-86 indirect injection diesel engine -

D1 duvulga un fragmento de acido nucleico que codifica una acetolactato sintasa que
weﬁercmﬂa resistencia a herbicidas. Este fragmento de éelde nueleico contiene al
menos una mutacién de nucleétidos que resulta en un camblo de aminoacido en una
de Ias siete regiones de homologia conservadas sustancialmente. Esta mutacion da
como resultado la produccién de una proteina acetolactato sintasa que confiere
mayor resistencia a los compuestos herbicidas de sulfonllurea en comparacion con la
proteina de tipe silvestre.

http://www freepatentsonline.com/EP025799

3 .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 acidos grasos
de la semilla, y evalua la produccién de dichos compuestas en la planta transformada
y en su progenie.

htp://pcp.oxfordjournals.org/content/43/12/1518.ful

od

DB[ divulga el proceso de extraccién de ‘ aceite de semilas
hitp://en.howtopedia.org/?title=How_to Process @Iisead on_a Small Scale&oldid=2
035

l

E‘MI divulga las caracteristicas y produccién de biodisel que procede de aceite de
aemﬂlas de tabaco que ha sido trans-esterificado con metanol
hitp://Amvww.seiencedirect. com/science/article/pii/S09 61953404001217

8. |Examen de Patentabilidad (Art 14 D486) |

No]vadad (Art 16 D486)

La] reivindicacién 11 se refiere a un “Método segun las reivindicaeieﬁas 80 10 que
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ﬁ@mgr@nd@ tambien los siguientes pases:

e) la transformacién de las plantas obtenidas en el pase d) cen veetores que
incluyen casetes de expresion que expresan los genes de la planta para resistencia a
enfermedades de insectos, herbicidas y / 0 hongos y la seleccién de las plantas si
transformadas en las generaciones T0-T4 para resistencia a enfarmedades de
insectos, herbicidas y / o hongos y /o,

f) la trangformacion de las plantas obtenidas en el paso d) con une o varios
vectores que comprenden casetes de expresion que expresan en los genes de
semillas del metabolismo de acidos grasos seguido de la seleccién de plantas
transformadas en las generaciones T0-T4 para caracteristicas tales como el
eontemdg total de aceite de las semillas y la composicion de acidos grasos de las
mismas;.

g) cruce de las plantas obtenidas en las etapas @) y / o ). 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, composicién de acidos
grasos del aceite contenido en dichas semillas variable con respecto a la planta de
tipo silvestre, la resistencia a insectos, resistencia a los herbicidas, la resistencia a los
hongos.

Para los litergles e y g

_Comparacién de las caracteristicas técnicas esanclales, con |as del Estado de la Téenica;

Caracteristicas esenciales _ B

Plantas de tabaca transformadas Plantas de tabaco transformsdas

Vectores que expresan los genes de la planta
para resistencia a enfermedades de insectos,
herbicidas y / o hongos

Contienen genes de resistencia a herbicldas
introducide mediante vactores

Obtencién de la progenie de dichas plantas Evaluacion de dicha rasistencia en la progenie
transformadas v obtenida de las plantas transformadas

Las caracteristicas esenciales de la reivindicacion 11 habian sido divulgadas
previamente an D1, el cual da a conocer plantas de tabaeo que contienen genes de
resistencia a herbicidas introducido mediante vectores, 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 ey g, no es
nueva segun lo divulgade en el documento D1,

Para‘;los literales f v g:

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

Caractaristicas esenciales , D2
Plantas de tabaco transformadas | Plantas de tabaco transformadas_
Vectores que expresan los genes relacionados | Contienen genes que codifican para Acetyl-CoA
al metabolismode dcidosgrases | Carboxilasa
Obtancion de la progenie de dichas plantas Evalia la produccién de dichos compuestos en la
transformadas _ . planta transformada y en su progenie

'

Las caracteristicas esenciales de la reivindicacion 11 habian sido divulgadas
previamente en D2, el cual da a conocer plantas de tabaco que contienen genes que
codifican para Acetyl-CoA Carboxilasa que se encuentra relacionado con el
metabolismo de acidos grasos de la semilla, y evalita la produccién de dichos
compuestos en la planta transformada y en su progenie (ver pagina 1519 columna
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|zqmerda primer parrafo). En consecuencia, la reivindicacién 11, literales fy g, no es
Auevea segun lo divulgado en el doecuments D2.

La reivindicacién 14 se refiere a un “Un método para la extracciéon de aceite de las
gemillas de tabaco en el que el rendimiento de aceite se encuentra entre el 70 y ei
95% del aceite contenido en dichas semillas, que comprende los sigulentes pasos:
a) la extracclon de dicho aceite mecanicamente presionande cen 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.”

Comparacnon de las caracteristicas tecnicas esenclales, con las del Estado de la Técnica:

____Caracteristicas esenciales 7 b3 7
Método de extraccion de aceite de semillas Método de extraccion de aceite de semillas
Extraccién por presionar la semilla en una Extraccion por presionar la semilla en una
prensa . ‘ prensa
Filtracion del aceite _, ___| Filtracién del aceite

Las caracteristicas esenciales de la reivindicacion 14 habian sido divuigadas
previamente en D3, el cual da a conocer un método para la extraccién de aeeite 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 perforaclén en una
cubeta bajo la maquina y la torta residual sale por el otro extremo del eje (ver pagina
3 ultimo parrafo). El aceite crudo expulsado contiene particulas sélidas 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 la
extraccién por solvente. Los aceites de semillas o la torta restante de expulsién se
extraccucpn con disolventes del aceite remanente de la torta residual; y después el
aceite es recuperado por una destilacién al vacio (pagina 3 primer pérrafo literal e),
por ultimo divulga la refinacién de el aceite obtenido para hacerio apto para el
eonsumo humano (pégina 2 Ultimo parrafo). En consecuencia, |3 reivindicacién 14, no
es nueva segun lo divulgado en el documento D3. Las reivindicaciones dependientes
16 a 18 no revelan caracteristicas esenciales nuevas para el método, por lo cual no
se consideran novedosas.

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

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

» Carseteristicas esenciales . 7 . D4 .
Biodiesel que comprende el aceite de semillas Biodiesel que comprende el aceite de semillas
de tabaco trans-esterificado con metanol | de tabaco trans-esterificado con metanol

Las caracteristicas esenciales de la reivindicacion 19 habian sido divulgadas
previamente en D3, el cual da a conocer biedisel que procede de aceite de semillas
de tabaco que ha sido trans-esterificado con metanol (pagina 79 columna derecha
parrafo dos) En consecuencia, la reivindicacién 19, no es nueva segun lo divulgado
en el documento D3,

9. Q’anlusién

Los requisitos de Patentabilidad de la presente Sollcitud estan afectados asi:
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Ttem " Doecumente _ Reivindicaglones afectadas ) Requlsite quo afocta
DY | EP(257863 , 11 I Novedad ‘
Plant Cell Physiol. }
P2 | 43(12); 1518~1525 M . Novedad
D3| Howtopedia ___14a18 __Novedad
i | Biomass and ’ ' ! o o
D4 Bioenergy 28 77~ 19 ‘ Novedad
i 86 ‘

En cuﬁﬁplimianm del articulo 45 de la Decisién 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del términe de sesenta (80) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patenta;
i

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
eaﬁltula quinte del tituio primero de la Circular Unica No. 16 de 2001,

JOSE LUIS SALAZAR LOPEZ
Dirac;tc%r de Nuevas Creacicnes (C)

El aﬂterler rec uerimiente fue notificado por ﬂjaclén eh lista, de fecha
B SET 20

Elabaragc por: 8andra Carolina Crespo Cardenas
Revisado Par: Consuelo Leguizamen Lengamen@
Aprobado por: José Luis Salazar Lépez
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@hlmeeplasi: Transformation with Modlified aceP (’)peren Increases Acetyl-
CoA Carboxylase and Causes Extension of Leaf Longevity and Inerease in

Seed Yield in Tobaceo

Yuks Madoka, "¢, Ken-Ichi Tomizawa %, Junya Mizoi *, Tkue Nishida *, Yukio Nagano ! and Yukiko Sasaki »4*
g

' Luboratory of f-‘lam AMolacular Biolagy, Graduate School of Agricultuml Seiences, Nagava University. Nagaya, 464-8601 Japan
? Reweurch institute.of Innovative Technology for the Earth (RITE) 9.2, Kigugawadai, Kizuscho, Sor akugun, Kyoto, 619:0292 Japan
} Graduate Sehook af Seiencgs, The University of Tokyo, Tokye, }]3-0033 Japan

Acg@izg% carhoxyiase (ACEase) in plastids is 3 key
cnzyme regulating the rate of de nove fatty ncid blosyathe-
sis in plants, Plastidic ACCase is composed of three
nuclear-oncnded subunits and one plastid-epeoded acel
subunit. To boost ACCase levels, we esamined whether
ovepexpression of aced elevates ACCase production. Using
homalogous reeombmatmn, we replaced the prometer of
the gecD operon in the tobaceo plastid genome with a plas-
tid rRNA-operon (rrn) promoter that directs cnhanced
expression  in | photosynthetic and non-photosyuthetic
argans, and successfully raised the total ACCase levels in
plustids. This rasult suggests that the level of the aceD subu-
nit Is a determinant of A€Case levels, and that enzyme leve
cls are in part controlied pont-transcriptionally at the level
of subunit assembly, The resultant transformants EFEW ROF=
mally and the fatty acid content was significantly increased
in leaves, but nat significantly in seeds, However, the frans-
formsants displayed extended leaf longevity and a twofold
increase of seed yicld over the contrel value, which eventu-
ally almost doibled the fatty acid production per plant of
the transformants relative to ¢ontrol ang wild-type plants.
These findings'offer 3 potential method for raising plant
pmduetivitv and of} production.

Keywmds' Acciy]~CoA earboxylase (EC 6 4.1.2) — Fatty acid
gynthesis — Leaf longovity — Post-transcriptional regulation
-~ §¢ed yisld — Tobaeco,

Abbraviatings: A{Cage, acetyl-CaA sarhoxylase; NEP, nuclear-
encaded RNA palbimerase; PEPR, plastid-gneoded RNA polymerase,

Intreduetion

Plant oil is ane of the mast impertant produets of photo-
synthetic barbou agsimilation and has a variety of industrial
applications. Gne possible way to beost oil production is to
manipulate a key enzyme invelved in fatty acid biosynthesis, In
plants, de novo faity acid synthesis ocours in plastids, and plas-
ticlic ugetyl'GeA curboxylase (ACCase; EC 6.4.1.2) catalysss

the first committed, rateslimiting step of fatty acid blasynihe:
sis: the formation of malonyl-€eA. Therefore, insrsasing
ACCase levels may result in an ineroase in fatty agid produe-
tion, Plants have two forms of ACCase: a heteromarle ACCase
in plastids that is similar to Escherichia coli-type ACCase, and
a homomeric ACCase in tho ¢ytosal that is similar to animal-
type ACCase (Sasaki ot al, 1993, Konishi and Sasaki 1904),
Because membranes are impermeable to acyl-CoAs including
malonyl-CoA (Jacobson and Stumpf 1972, Banhegyi et al.
1996), and the plastidic ACCase plays an exelusive role in the
biosynthesis of malonyl-CoA in plastids. A recent attempt te
target Arabidapsis animal-type ACCase into the plastids of
transgenie oilsoed rape achigved an approximately 5% increase
in the total seed-oil content (Roesler et al. 1997). However,
successful manipulation of the £. eali-type plastidic ACCase is
yet to be achieved,

Plastidic ACCase is compossd of biotin carboxylase, the
biotin carboxy! carrier protein, and the alpha and beta subunits
of carboxyltransferase, the genes of which are designated
aecC, aceB, accA, and aceD, respectively (Sasaki et al, 1995,
Ohlrogge and Browse 1995), The gcel? gene is located in the
plastid genome and the other three genes oceur in the nuclear
genome. Neither antisense-cxpression nor overexpression of
accC significantly affects ACCase lgvels, although a moderats
decrense and an elevation in aeeC mRNA levels ware achieved

with these techniques, respectively (Shintani et al. 1997), We

hypothesized that the expression of geeD in plostids might
limit the tota) levels of plastidic ACCase, and that the overez.
pression of acoll might incrense ACCase expreaslon, and
henco fatty acid production, in plants. Recent progress in plas-
tid transformation by homologous recombination (Svab and
Maliga 1993, Back 2001, Maliga 2002) provided us with an
apportunity to examine our hypothesis in tobaceo.

In plastids, two types of RNA pelymerasss. are involved
in transeription: nuclearencoded RNA polymerase (NEP)
and plastid-encoded RNA pelymerase (PEP) (Hajdukiewicz
al. 1997). In general, housekesping genes such as accD have
NEP promoter(s), whereas photosynthetic genes have PEP
promoter(s). Interestingly, the rRNA operon (erw), which is
abundantly expressed in both photosynthetic and nen-

‘ . Prasent address: Ganasis Research Institute, Ing, 4-1-35, Neritake-shinmuchi Nishi-ku, Nagoya, 451-005] Japan.
¥ Corresponding duthor: E-mail, sasaki@ngrnagoya-u.aejp; Fax, +81-082.780.4296,
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{A) Ghieroplast genome

' Wild-typa:

Fransformant:

Control:

{B) Seuthem biot
Probe 1: aceh

Probe 2: sadA

Fig. 1 Southern biot apalysis. (A) Chloroplast genome structure in the wild-type, transformant, and control plants. Pri, Pr2, and Pr3 indicate the
poesitions of the PCR primers used for the seleetion of homoplastemic transformants (ses toxt). Bars indicate the positions of prabes 1 and 2 used
in (B). (B} Total celiular DNA extracted from leaves of the wild-type and T, plants was digestsd with EcoRl and subjected to Southern blot analy-
sis. WT, the wild tipe; C, control (with aadd * insertion); A1 and A2, transgenic plants (with insertion of an aadA*~rrn cassette), The sizes of the

detected bands were the same as those predicted in (A).

photesynthetic ‘ergans, has both PEP and WEP promoters
(Vara and Bugiura 1998), In the plastid geneme of tobaces,
aceD forms ai operon with psal, yefd, cemAd, and petA
(Shinozalki et al. 1986) and these genes are polyeistronically
transeribed under the control of the NEP-type promoter of
acel) (Shinozaki et al. 1986, Nagano et al, 1991, Hajdukiewicz
et al. 1997). Therefore, to overexpress aceD in all tissues, we
replaced the promoter of gceD with that of #rr in the tabagceo
plastid genome by homologous recombination, and examined
effects of the modification on ACCase level and fatty acids,
Qur results show that the promoter replacement net only
inereased the expression of agcD but also enhanced the level of
ACCase and fatty acid content in leaves of the resultant trans-
genic tobagco. Furthermore, the transformants displayed signif-
icantly extended leaf longevity, and improved seed production
and hence seed oil per plant.

Results

Production of transgenic tobagoo plants overexpressing plastidic
ACCase

To replace the promoter of aceD with that of rrn by
homologous recombination, the plasmid prbeL-aadd-rri-
agccD was constructed, in whieh the aoeD promoter was
replaced with o »#n promoter, and a chimeric gene (aad4®)
(Svab and Maliga 1993) was inserted upstream of the aceD
promoter, aad4® is a selectable marker gene that contains a
modified ##n promoter and a psbA terminator, so that enly cclls
with agdA * inserted into the plastid genome can be selected for
spectinomyein resistance (Svab and Maliga 1993), A control
plasmid was constructed, with an aad4" insertion upstream
of the apcD promoter. These plasmids were inserted into
the tobacco plastid genome by particle bombardment (Fig. 1A)
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Fig. 2 Northern blot analysis. Total cellular RNA oxtracted from
young leaves (leaf maximum width 3 om) of 12-wsek-~old piants (see
Eig. 5A) was subjected to Northem blot analysis, Tobacco cDNAg for
accl and aee€ mRNAs were labelled as hybridization probes. sRNA
was used as the Joading econtrol. Abbreviations are the same o5 In
Fig. 1B.

(8vab and Maliga 1993, Beck 2001). Beoause tabaseo leaves
have 500-10,000 copies of the plaustid geneme per ocell
(Bendich 1987), all transformants were made homoplastomic
with regpect te the:transgenes.

Two independent T, transformants, in which the aad4*-
#n cissette was inserted into the desired position, were
sclected by polymerase chain reaction (PCR) and designated
Al and A2. These transformants produced no wild-type accD
band (data not shown) by PCR with primers Prl and Pr2 (see
Fig. 1A), verifying that they are homoplastemic. Similarly, a
control T, transformant, in which only the aad4* was inserted
into the wild-type' genome, was established. All transformants
grew normally under our growth conditions and their seeds
germinated normally. Southern blot analysis verified that all T,
progeny inherited the respective transgenes (Fig. 1B). Inherit-
ange of the inserted r#n promoter in the T, progeny of the Al
and A2 transformants was also confirmed by PCR with prim-
ors Pr3 gnd Pr2 (d;}ta nat shewn),
Effects of acel oversxpression en ACCase levels

Northern blot analysis of total cellular RNA from T,
leaves (Fig. 2) showed that the contrel plants acoumulated not
only high levels of aodd mRNA but also significant levels of
accD mRNA whin compared with wild-type plants. There-
fore, the insertion of gadA* upstream from accD scems to
slightly enhance decD mRNA levels, beeause the rra promoter
of aadd may affect expression of aceD, aceD mRNA acoumu-
Jatad smmﬁcanﬂy more in Al and A2 plants compared with
control and wild-type plants, indicating that the replaced rrn
promoter functions well. However, the mRNA levels of
nuclear-encodsd decC were similar in the wild-type and trans-
formant plants, indicating that accC mRNA levels were not
affected under these conditions,

Immunoblot analysis showed that the levels of the four
subunits comprising plastidic ACCase in total leaf proteins
ingreased signiﬁc,?mly in the control, and more extensivoly in

f

aceB protein = ik i sk < 32 kDa
accC proteln %« % 5 B - 49 kDa
Tig. 3 Immunoblot analysis. The same amounts of total leef protein
(10 ug) from young leaves (leal maximum width 3 om) of 12-week-

old plante shown in Fig. SA;were leaded In each lane. Abbigviations
are the same as in Fig. 1B.

Fatty acid

1.4 . 1.4

1.8 4
1.0 4
0.6 4

0.4

0.2 o

C AT A2WT c A1 A2 WT
Fig. 4 Fatty acid and starch contents in leaves, Mature green leaves
(leaf maximum width 7 om) from the 12-week-old plant shown in Fig,
5A were used for analysis. Values are based on frash woeight and ase
given as the averages (¢ SE) of four determinations made from two
plants. An asterisk indicates that the valuss for Al and A2 are signifi-
cantly different (P<0.08) from those of the contrel and wild-type
plants, according to a s-test. Fatty acid and starch contents were 3.9
and 182 ug (mg FWY™ of leaves, respectively, for the contral, Abbro-
viations are the same as in Fig. 1B.

the Al and AZ transformants, compared with the wild-type
(Fig. 3). The level of plastid-encoded subunit increased with its
transeript level, but the levels of nuelearencoded subunits
increased without a corresponding inerease in their transcripts,
which suggests involvement of post-transeriptional regulation
in exprossion of the nuclear-encoded genes. The specific activ-
ity of ACCase in the chloroplasts of young leaves of Al and
wild-type plants was 63 and 17 pmol min™ (mg protein)™,
respectively, indicating that the four inergased subunits were
assembled into an active chzyme in the chloroplasts,

Effects on farty acid contents in legves

Lipid analysis showed that the faity acid content of Al
and A2 lecaves increased by approximately 5-10% over that of
the cantrol (Fig. 4), and these differences are statistically sig-
nificant according to a t-test (P<0.05), In A2 leaves, the content
of menogalactosyldiacylglycerol, the major chloroplast mem-
brane lipid, increased by about 30% above that of the control,
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Fig. 5 Wild-type and T, plants after 12 weeks of culture, (4) Seeds were germinated and grown for 5 weeks on RMOP medium supplsmented
with 0.5 mg mI™" spectinomyoin dihydraehlorids (enly for T, transformants) at 25°C under a 12-h light/12-h dark regimen at a phetan ffux density
of 40 pmol m™ ' during the light period. The speetinomycin resistant seedlings were transplanted into soil in pots (700 ml plant™') and grown
for a furthar 7 weeks in a growth chamber, as doscribed In the Materials and Methods, Plants were fertlized with diluted (1/2,000) Hyponex
(Osaka, Japen) every 2 d. Abbreviations are the same as in Fig. 1B, (B) Elsctron micrescopy was carriad out on mature green leaves (leaf maxi-
mus width 7 ent) harvested from the 12-week-old plant shown in Fig. 5A afier illumination with white light for 1 h, Black and white arrows indl.
cate siareh granules and lipid droplets, respestively, Bar = 1 um, Abbreviations are the same as in Fig, 1B,
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. [Fatly aald arg Dy weight
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: 4.2 9 1.2 4 429
% 1.0 7 % 104 cln % 124
@ o8 o o8 o
) 0.8 B 'y
% 0.6 4 § 0.6 E 06 4
'& 0.4 A t'.% 0.4 g 0.4
02 0.2 0.2 :
C AT AZWT C ATAZWT
B) per plant
Seed number
2.4
3
{% 2.04
>
@
E 157
%
e '
Q.5+

C A1 A2 WT

Fig. 6 Fatty acid and starch contents in seeds, and aeed yields per plant, (A) All the seeds from a plant wers poolsd, and fatty aelds and dry
waight were moensured in duplioate for aliquets of 50 sceds, The average value for faity acld content per dry seed weight was ealsulated, Data
obtained from 2-3 plants were averaged and presented as values relative to the control. Fatty acid and starch contents of 1,000 dry seeds from
control plants were 4.6 mg and 0.4 mg, respectively, The weight of 1,000 dry seeds from the control plant was 103 mg, Abbreviations are the
same as in Fig. 1B. (B) The number of seeds per plant was counted for 2-3 plants and the value relative to the control was calculated for each
experiment. The average values from four independent series of experiments are shown. The seed number per plant for the control group was

1.2x10% Abbreviations are the same as in Fig, 1B.

whereas no other lsaf glycerelipid including neutral liplds dif-
fored significantly betwaen the A2 and control plants (data not
shown). It is noteworthy that the levels of trienoic futty acids,
hexadscatrienoic acid (16:3) and linolenic acid (18:3),
inereased in A2 ledives by 32% and 14%, respsciively, relative
to the control, w§t11 congomitant deerenses in the levels of
dienoic fatty aeids. Starch analysis showed that the starch con-
tent of the contrel and the transformants decreased compared
with those of the wild type.

Other phenatypes of transgenic plants

The photosynthetic activity of the fully expanded lsaves
of T, plants (1 lthélea-ves from the bottom in Fig. SA) did not
differ significantly among the Al, contrel, and wild-type plants
(data not shown). The transgenic plants were indistinguishable

from the wild-type except that Al and A2 sencsced later than
the wild-type and control plants (Fig. 5A). The oldest leaves of
12-week-old wild-type and the control plants (blue arrow-
heads) were yellow, whereas Al and A2 leaves of a similar age
were green (red arrowheads) and turned yellow 7-10 d later.
Indeed, the chlorophyll content of fully expanded leaves (8th
leaves from the bottom) in Al plants was 1.3-fold higher than
that of the wild-type plants.

Transformant leaves were compared with those of the wild
type by eleciron microscopy. Both the Al transformant and the
wild-type chloroplasts contained stareh granules and opaque
droplets, but the transformant appeared to contain more drop-
lets and fewer granules than the wild-type plants (Fig. 5B).
Microscopic survey showed that the starch granules became
smaller and the droplets became larger in the transformants.
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Thus, apparent aiteration of ehloropiast eonstituents was
abserved, f

Effects on seeds .

The fatty acid content of the seeds (Fig. 6A) and the fatty
acid eompesitien (data not shown) were very similar in the
wild-type and ali transformant plants. The starch content of A)
and A2 plants wag less than that of the cantrol plants. Seed dry
weight was also similar in the wild-type, Al and A2 plants, but
this value was slightly less than that of the control, However,
the number of seeds per plant in the Al and A2 transformants
(Fig. 6B) increased about 2-fold ever the control and wild-type
piants. The number of seeds per capsule inereased considera-
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 plants. Ultimately, the increase in
seed yield doubled the fatty asid production per plant.

L
Discussion

Pramoter replaceiment enhanced acel) expression and ACCase
favals

In this work, we found that replacement of the accD pro-
moter with the »#n promoter in the tobacco plastid genome
increased the levels of gecD teanseripts as well as aceD protein,
in plastids. Therefore, the expression of aceD is, at least partly,
regulated at the lével of transeription. The overexpression of
acch increased the three nuclear-encoded subunits of ACCase
and ingreased the activity of ACCase in plastids. This finding
supports our hypothesis that the expression of accD in plastids
limits total levels of plastidic ACCase, and impligs that aceD
protein level is a determinant for enzyme level. In this way, we
sueceeded in raising heteromeric ACCase levels.

Post-transcriptionid regulation and the apparent coordination
af protein synthesis of nuclel and plastids

Owr finding that the levels of nuclear-encoded subunits
increased without a correspending insrease in thejr transcripts
suggests that post-transcriptional regulation is invelved in
ACCase synthesis, .probably at the level of subunit assembly.
We infer that a molar excess of nuglear-encoded ACCase subu-
nits is synthcsized in the eytoplasm and enters into the plas-
tids, to be assembled with the plastid-encoded ACCase subu-
nit. Conversely, unassembled puclear-encoded ACCase
subunits are probably rapidly degraded for lack of partner aceD
subunit in plasiids; Therefore, only assembled subunits are
detected by immunoblotiing, and an apparent coordination of
nuclear-encoded and plastid-encoded proteins is observed,
Most proteins encoded by the plastid geneme assemble with
the nuclear-cneoded proteins to form 8 fupctional complex,
which was thought to require the coordinated synthesis of
nuslear-encoded and plastid-cncoded proteins, However, our
results suggest that such ccordinated synthesis is not always
neeessary, at least in the case of ACCase. By overexpressing

the plastid-gncoded subunit, we showed that pest-transcrip-
tional regulation {8 invelved in the formation of a functional
complex in plastids,

Relative amounts of mRNAs for four ACCase are known
to co-ordinatsly change during leaf snd secd development (Ke
et al. 2000). This result suggests that the four transcript levels
are regulated at least in part by coordination between nuclous
and plastids during development. However, our results that
overexprossion of geeD did not affoet the levels of aceC
mRNA suggests that no close coordination ecsurs between the
nueleus nnd plastids in the regulation of the transcript levels,
Taken together, we propose that although the rates of synthesis
of nuclear- and plastid-encoded subunits are regulated at the
levels of transeripts in the cytoplasm and plastids, respectivaly,
the 1svel of each ACCase subunit is ultimately regulated at the
level of protein assembly in plastids.

Effects on leaves

An jncrease of ACCase in transgenie tobseee chloroplasts
resulted in an increase of total fatty acid content in leaves, and
extended leaf longevity. Lipid analysis showed that the major
chloroplast membrane lipid, monoegalactosyldiacylglyeerel,
increased and the trienoic fatly acids alse incrensed. These
changes probably affect membrane properties, which might
affect leaf longevity, although the kinds of membrane proper-
ties that influenee leaf longevity have not been identified. It is
also possible that membrane repair might be enhanced in our
transgenic tobacco plants, which might delay leaf senescence,
because older leaves approaching senescence are believed to
require increased repair activity in the thylakoid membranes
(Hellgren and Sandelius 2001).

Alternatively, decressed starch content in Al and A2
might in tum delay leaf senescence (Miller et al. 1997). Fur-
thermore, we do not exclude the possibility that altered fatty
acid composition might play a role in delaying leaf senes-
cence, because fatty acids are important regulators of plant
growth and differentiation (Ohlrogge and Browse 1995, Topfer
et al. 1995), Our transgenic tobacso plants may provide a use-
ful experimental system for studying the mechanism of senes-
cence in relation to lipid and carboliydrate metabolism.

Effects on seeds

We did not observe significant changes in fatty acid com-
position or content per seed. As deseribed in the legend to Fig,
4 and Fig. 6, the ratio of fatty acid content to starch content is
more than 11 in seeds, whereps it is 0.02 in leaves, This sug-
gests that the biosynthesis of fatty acids is more active in devel-
oping seeds than in leaves in tobacco. Indeed, oil accounts for
about 30% of seed dry weight. We are not suceessful in deter-
mining the level of ACCase in developing seeds because the
seeds did not synchronously mature in the seed capsule. How-
ever, If the biosynthesis of fatty acids in seeds is fully aeti-
vated in the wild type, further enhancement of the biosynthesis
per seed may be difficult by the present methed.
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To our surprise, a remarkable increase in seed number was
observed in transgenic plants. It is reasonable to ascribe the in-
creased seed number per plant to increased lcaf longevity,
becauss extended longevity brings about abundant production
of phamasmmﬂatea,' Although further expsriments are required
to ¢lucidate the meghanisms undorlying this phenomenon, the
outcome has potential utility in crop improvement. Improve-
ments in seed yield should circumvent the Hmitation of fatty
acid production pef seed and provide a basis for develop-
ing & new strategy for improving commersially important
oil-producing crops, such as oilseed rape and soybean. En-
hanced production of seed oil should aocelerate our efforts
towards engincering plants as factories for industrial materials
{(Sommerville and Banetta 2001).

The replacement of the geeD promoter described here
enhanced the primary transcripts of the ecc? operon that con-
fains acch, psal, ycf4, cemd, and petd. We did not survey the
gene praducts for psal, yof4, cemd, and petd, and de not
exclude the possibility that sere of these gene products except
for aceD protein might have positive effects on the prolonged
leaf longevity and thg increased seed vield,

Promater engineering

We succeeded m sngineering the promoter of the plastid
genamg, using the #rp promoter that sontains the NEP and PEP
promoters. There are various possible promoters to direct the
exprossion of a target gene in a specific organ at an appropriate
time. Studies of promioter dissection may provide more power-
ful tools for plastid gene expression. The technique of plastid
promoter enginesring presented here offers a new method to
improve oil produetion and increase plant yields.

Materials and Methods

Construgtion of plasmid DNA

BCR was performed with tobagea (ev. Xanthi) ehioroplast DNA
(Shinezakl et al, 1986) as template. The primers P1~P6, with added
resiriction sites, were uged for PCR and are shewn in Fig. 1; P1, §'-
CCOCGACCACCCGQGGTCTOATAGGAAATAAG-Y, B2, 5'-CTC-
GACGTGCTCTACTTGATTTTGC-3Y P3, 5'-GTCGAGTAGACCTT-
GITGTTGTGAG-3'; P4, §-CCCGROCGGCCGCGGAACCCCCTT-
TATATTAL-3Y 15, §HGTCOACACTCCCCCOCCOTCATTC-Y, and
18, 8'-GGTACCCGUGTATTCAGCCCGGAGTTCGC-3. To replage the
promoter of aeeD with the mn prometer in tobacce plastids, the plas-
mid précl-aadd-rr-deeD was constructed as follows. The plasmid
puecD contained PCR-amplified (using P1 and P2), promoter-deleted
acel? (nucleotides 59,645-59,748 were deleted, accession number
£00044) between the Smal-Sell sites of pUCIS. The plasmid précl—
weeld contained a PCRuamplmed (using P3 and P4} rhef, fragment and
the 3' non-cading regien of rhel (nusleotidss 57,361~59,644, acces-
sion number 200044) lsetwcma the EcoRl-Smal sites af paceD. The
pissmid paadd=rren contpined 8 PCR<amplified (using PS and P6) rrm
promoter (nuclsotides 102,563-102,716, accession number 200044)
between the Sall~Kpnl sm;s of a pBluescript 1} 8K+ (Steatagene) voe-
tar eontaining the aadA* gene (Svab and Maliga 1993), Finally, an
dadA*-rre cassette from the plasmid pagdA-rrr was inserted into the
Smal-Notl sites of the plasmid proel~aceD 1o produce the plasmid

procl-aadA-rrm—aceD. For a contrpl veotor, gadd™ alone was
inserted upstream from the genuine prometer of aseld (al nucleotide
59,645, accession number 200044),

Production and grewth of transgenic tabacen

Tobacco plants (Nicotiana tebaeum ov. Xanthi) were grown
asoptically on agar-solidified M8 medium (Murashige and Skoog
1962) supplemented with sucrose €30 g liter™), and aseptle leaves
were subjested to particle bombardment for homologeus racombina-
tion, as describad previously (Svab and Malign 1993), Hemoplae-
tomic transgenic shoots were gensrated by sepented shoot regensra-
tion on RMOP medium (Kloin et al, 1988) containing 0.5 mg mi™
spectinomycin dihydrochleride, and were then rooted an M8 mediups.
The regultant T, plants wers transplanted into soil in pets (708 ml
plant™) and cultured in a growth chamber at 25°C under a 12-h light/
12+h dark regimen ot a photen flux density af 300 pmel m™? ¢*' during
the regulated light period. The homoplagtemic T, generation was uged
in all experiments.

Southgrn and Northern blot analyses

Total ccljular DNA and total gellular RNA warg isolated, and
Southern and Morthern blot analyses were performed aa deseribed pro-
yiously (Madoka and Mori 2000).

Famunablat anglysis

Total leal protein from young leaves (leaf width 3 em) was
extracted with a sample loading buffer for sodium dodscylsulfate-
polyactylamide gel elestrophoresis (SDS-PAGE) (Lacmmli 1970).
Prateins (10 ug) were soparated by SDS-PAGE and transfurred ento a
nitrocellulose membrane. The blots were probed with antibedies, as
described previously (Sasaki ot al, 1993), Antibodies were propared
against recombinant proteins for tobaeco aech, pea aced, and pea
aecC, all of which were expressed ss glutathione S-transferage fusion
proteins, and purified as deseribed previously (Kozaki et al. 2000).

Measwremant of ACCase activity

ACCasc activity in chloroplest oxtracts was measured as
described previously (Sesaki et al, 1997),

Farty acid and tpid analyses

Fatty ueid content was analyesd acsording te the mgthad
described previously (Lemicux et al. 1990), Fatty acid methy! auters
were gquantified with a gas chrematograph (GC-353, QL Sgiences,
Tokye, Iopan) eperated at 180°C using s CP-8il §8 (Chrompack,
Tokye, Japan) column (30 m x 0.25 mm). Lipids were analysed aa
described proviously (Rotein ot al. 2001),

Determination of starch cantent

Stareh content was analysed according Le a proviously described
method (Focks and chung 1998). Leaves (3 myg) or 100 sceds were
crushed and [ncubated in { m! 80% (v/v) aqueous sthanel at 80°C for
1 h. After centrifugation, the pellot wos extracted again with the above
solution and the residual pellet was used for starch analysis with o
stargh assay kit (Sigma),

Eleciron mioroscopic analysiy

Leaf tissue was fixed with 5% (v/¥) glutaraldehyde in §0 mM
phosphate buffer (pHl 7.2) for 8 b, and postfixed in 2% (v/v) osmium
tetroxide for 12 h. The tissue was then dehydrated in a graded aeries of
acetonte and embedded in Epon 812 zesin. Ulira-thin sections were
stalned with uranyl acetate and lead citrate and examined under an
clectron microscope (fitachi, H-600, Tokyo, Japan).
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Vegatable ails and their methyl/ethyl caters are altraative renswable fucls for comprastian 1gnmon engines. Riffercnt
kinds of vegstabie ails and their mothyl/ethyl esters have been tested in diesel engines, Howevsr, lobaceo seed ail and
tobnesa seed oil methyl ester have nat been tested in diessl engines, yet. Tobacco sesd il is a non-edible vegetable ail
and n by-produet of tobaeco leaves pmduchen Ta the author's beat knowledge, this s the first study on tebacee seed
oil mothy! ester as a fuel in diesel engines,

In this study, gm@misl tobaceo seed preduction througheut the werld, the ell extraction process from tobaceo sesd
and the transesigrification progess for bledissel preduction were examined. The preducad tebasee segd oil methyl sater
was charactarized by expaamg its major properties. The effacts of tobaceo ssed oil methyl ester addition te digsel No. 2
on the psriormance and emissions of a four syele, four eylinder turbocharged indirsot injection (1DT) diesel engine were
sxamined at boath {uli und partial Joads, Experimental resulis showed that tobacce seod oil methyl ester can be pastially
substituted fer the diesel fusl at mest operating cenditiens in terms of performance parameters and cmissions without
any engine modifigation and preheating of the blends,
© 2004 Elsevier Ltd. All rights reserved,
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i, Intredugtion

The gradual;lj depletion of world petroleum
raserves, increages in prices of petroleum-based
fuels and environmental pollution due to exhaust

emissions have encouraged studies to search for
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alternative fuels. In view of these, vegetable oils have
been eonsidered as alternative fuels for compression
ignition engines. Vegetable oils are renewable, non-
toxic, biodegrudable, and huve low emission profiles
[1-5], However, thers are some drawbacks related to

_the use of straight vegetable oils in dissel engines

primarily due to their high viscosity, lower volatility
and lower heat cantent [6-8],

The high viscosity causes some problems in
atomization of injector systems and combustion in
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cvlindsrs of dicsel engings. Alse, in leng term
opergiions, high visessity of vagetable eils may
lead to ring ahckmgs formation of injector
deposits, da\glepment of gumming, as well as
incompatibility with lubricating oils [1,9]. Differ-
ent {echniques hive been developed te selve their
high viscesity and lew volatility preblems of
vegatable oils, such as preheating olis, blending
or dilution with other fuels, transesterification and
thermal cracking/pyrelysis [1,2,10-12), Transester-
ification appeats (o be the mest promising
technigue which:is a ehemical procsss of convert-
ing vegetable oil inte biediesel fuel [5,11,13,14],
Biodigsel can be used as a blend in diesel engines
without medification. Betailed reviews abeut
transesterification process are available in the
literaturs {2,12).

The important eompositionu] difference be-
fween biodicsel and the diesel fuel is concerned
with exygen content. Biodiesel contains 10~-12%
oxygen in weight basis and this lowers the energy
conient, The lower energy contont causes reduce
tions in engipé torque amd power [7,15-17),
Riodiese] containing exygen reduces exhaust emis-
sians sugh as HE, smoke and CO mainly due to
the effoct of aemﬁiet@ gombustion [4,5,18-23),
Sinco biodiesel contains little sulphur compared
to the diesel fucl, a significant reduction in SO,

gmission was eb_t_amed {24]. There are four possible

reasons for reduction in particulate emissions.
First is the presence of oxygen in fuel rieh regions
of the combustien fue] spray [25-28). Second is the
modification of radieal pool, which inhibits key
soot formation reactions and provides OH radieals
for oxidation of seet precursers {27,29,30], Third
is the remeoving carbon from soot formation
process via C~O bonding within moleeule dye to
oxygen, thereby sequestering carben from the soot
formation precesﬁ [26,31-33]. Fourth is the low
level of sulphur content of biedigsel [5].

WO, emissions mdmly depend on the engine
fuelling system; engine type and engine 1eadmg
Two different labservalions can be seen in the
literature, First, higher NQ, emissions may be due
to higher temperatures of eombustion ehamber
using bioediesel [18]. This is alse cvident frem
higher sxhaust gas temperatures from biodiesel
fuolled ongines [11]. Howsver, some studies

showed lower NO, omissiens [4,5,24,34,38].
This is beoause higher catane aumbers of bio-
diesel shortens the ignition delay, The amount
of premixed fuel and peak burning temporature
are reduced, leading to the reduction in MO,
emissions [5].

The price of edible vegetable oils is higher than
that of the diesel fuel. Therefors, insiead of using
such oils, use of waste vegotable eils [18,24,36-39]
and non-cdible erude vegetable oils [11,40,41] have
been considercd as potential alternative (uels,

In the present investigation, tobacee seed ail,
that is a non-edible eil, was censidered as a
potential alternative fuel for compression ignition
engines. Apurt from Glannclos et al, [42], theve has
been no study reperted in the literature on tobacce
seed oil as a biodiesel, They investigated the
specifications of tobacce &eed ail and eompared
these speeifieations with ether vegetable oils. They
suggested that tobacce asced oil may be an
appropriate substitute for the diesel fuel. However,
tobaeco seed oil methyl or sthyl esters have not
been searchod and have not been tasted in any
gngine yet. This was the basic motivation behind
the research in this paper.

This study has investigated the use of tobaeee
seed eoil for biodiesel preduction. Aleng with
discussion on potential tobacco seed production
throughout the world, the oil extraetion process
frem tebacco sced oil and the transesterification
process for biodiesel production were considered.
To assess its use as a diesel engine fucl, the
praduced tobacco seed oil methyl estor as a
biodiesel was characterized by exposing its major
physical-chemical propertics, The engine tests
were carried out on a turbocharged indirect
injection diesel engine fuclled with diesel fuel Neo.
2 and tobacco seed oil mothyl ester (10%, 17.5%
and 25% in volume) and digsel fuel Na. 2 blends.
The results were summarized,

2. Materials and methods

2.1. Fobacce plant

Tobaece plant is a beautiful plant growing te &
height of 90-180cm with large oval leaves. Tt has
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.
pinls flawers and froen capsules cantaining numes:
ous very small seeds, The seeds can be stored in
dry conditiens at ordinary temperatures and can
resistant to highyhumidity. The average mass of
1000 seeds is in the range of 0.08-0.09 g. The oil
content of the seed ranges frem 36% to 41% by
weight [42]. The remaining part consists of protein,
crude fiber, carbohydrate and inorganic material,

The tobaceo plant is grown in 119 countries in
the world [43]. The leaf of the plant is a
commercial product and used in the production
of cigarettes in the tobacee processing industries.
Thersfore, statijtical information en tobacco
harvesting aren and leaves production is available
and easily accessible [43).

Tobacco secds are a by-produst of tobacco
leaves productien. Since tebaceo seed ofl is a non-
gdible oil, it is not used as 4 commercial produet in
food industry. Only a small amount of tobaceo
sceds is collested from fields for next year
production, mosi of them are left unused in fields.
There. is no statistical information on potential
tobacoe seed and seed oil production in the
literature to the best knowledge of the author.
Howsver, they may be estimated using the harvest-
ing area. Regarding the present study, the seeds
used were collected from Acipayam and Buldan
Districts of Denjzli City in Turkey. =

o 1 . i , s
2.2. Tobaesce seed oif extraction and biodiesel
praduetion

Sinee tobaccd seed oll is not available in
markets, the oil| was initially extracted from the
coliected seeds in laboratory conditions. The
extraction procedure is as follows. Tobacco seeds
were dried for 2,“1_1 at 110°C and were ground to a
finc powder. A soxhlet extraction apparatus was
used to extraet 'the oil from seeds. Diethyl ether
was used ag a solvent in extraction process, The il
was separated from the diethyl ether using a Buchi
K114 rotary vacuum evaperator.

The oil was:converted into methyl ester by
means of transesterification process which involves
making the triglycerides of {obacce seed oil react
with methyl aleohol in the presence of a catalyst
(NaOH) to preduce glycerol and fatty acid ester,
Although 3/1 molar ratio of aleohol to triglycer-

ides is nesded to complete a tranagsterification
proeess stoichiometrically, in practice, the ratio
should be higher to drive the equilibrium to a
maximum ester yield. However, large quantities of
methanol slow down the phase separation of the
two phases produced [2,11,17,44), It was reported
that the largest ester yield is obtulned for 6/1
methanel/triglyeeride molar ratio which is the
twice of stoichiometrie ratio [38,39,45], Therefore,
the molar ratio of methyl aleohal to glycerides was
used as 6/1. NaOH was preferred as a catalyst due
to its high activity [46). The amount of NaOH was
determined using a titration process as advised in
[471. It was found that 7.5 NaOH was nesessary
per liter of the oil. This is within the recommended
range of catalyst in the literature [2,39]. 1t has been
reported that high catalyst coneentrations greater
than 1.5% lead to the production of large amounts
of seaps [39,46].

Transesterification process was carried out using
the rotary evaporator including a condenser unit, a
thermostatic bath and a flask of 1000 m! velume.
The flask is rotated in a thermostatic bath to keep
the temperature constant threughout the reaction.
The rate of transesterification rises with the
increase of reaction temperature [44]. However,
the maximum eperating temperature cannot ex-
ceed the boiling point of the alcohel used in the
process. For this reason, the temperature cliosen
for the reactions was 55°C which is below the
boiling temperature of methanol. The process can
be summarized as follows: The tobaece seed oil
was heated to 55°C, NaOH was dissolved in
methanol 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 a
separation {unnel and was allowed to form two
layers overnight. The bottom layer was glycerol
while the upper layer was the ester. After settiing is
complete, the glycerin was taken out,

The ester was washed with pure water three
times. Small amount of phespherie acid (2.5 ml/l
of the oil) was used in the first washing. At the end
of the process the oil was heated to 90°C at
vacuum (o remove any water from the oil left in
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the estsr. The final ester became clear siraw yollaw,
Ths tobaseo ssed eil and tehacce ssed oil methyl
ester will be veferred to as T8O and TSOME,
rezpectively throughout the paper. Also digsel fuel
Na. 2 will be refyrred te as D,

2.3, Bxperimental qpraraius for enging tests and
sxhaust erissions

The experimsnial sct-up consists of u turbe-
charged indirect linjeetion (IDI) diesei engine, an
ongine test bed and two gas analyxers, The
specifications of the diesel engine arg glven in
Table 1. A Cussens-P86S1 type engine test bed
censists of a hydraulic dynamemeter, measurc-
mont instrumenis and a cenirel panel, The
hvdraulic dvnamometer is water coeled and rated
for 112KW (1 59tahpj power abserption at
9008 rpm maximum operating specd. The load
on the dynamemeior was measured By using a
strain gaugs load senaor. Inductive pickup speed
seasor was used to measure the speed of the
engine. The fuel consumption was measured with a
burstte with 50 and 100ml volumes apnd a
stopwatch, Air iplet, fuel, engine coolant inlet-
outlet, lubricating eil, exhaust gas temperatures
were measured by K type thermosouples. There
are two fuel tanks, One is for the diesel fuel and
the other for an alternative fuel, A 8un MGA 1200
gas analyzer was used to measure CO emission. A
MRU 95/CD gas analyzer was used to measure
NO, and 50, emxssxens

Fable |
é‘sﬁmhesueai of tha dlssel enginc
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MNumiber of eylinder - 4
Strake . 83.0mm
Rare . ‘ 82.5mm
Compression rtio ' I
Displacemant |, . 1,783)

152 N at 2200 rpm
S5kW at 4500 rpm
Rotary distributor

Muximum tarqus
Maximum pawer
Type of injestion puinp
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Fahle 2
Flie ageuracies af the measurements and (he unceriginities in
the ealeulated rosults

Measussments

-
[
.

Aeam asg
Lead $3 I'J
Speed %3 rpm
Timg 4. '%
Tamperatuses ks
€ F30ppw
NG, F20ppm
56, E20pam
Enloulated resulis Ungertainty
Tarque 2%
Powar F2%4
bafe F2,36

Thermal effisiony $3.5%

The four fuels tested in the experiments were
diesel fuel No. 2 and blends containing TSOME in
10%, 17.8% and 23% proportions by volume. In
this study, the legend D100 represents 100% the
diesel fuel Ne. 2, while D90/TSOME16 is 90% the
diesel fuel mixed with 10% TSOME, D82.53/
TSOME17.5 is 82.5% the dissel fuel mixed with
17.5% TBOME and D75/TSOME2S is 75% ths
diesel fuel mixed with 25% TSOME in volume
basis.

Experiments were carried out at different loads

(Full-100%, 75% and 50%). The blends were

prepared just beforc the sxperiments. The fuels
were tested in the engine running at 150 bar
original fual injection pressure. The accuracies of
the measurements and the uneertainties in the
caleulated results are shewn in Table 2.

3. Results and dissusslon

3.1. Potentlal tebacco seed oil production, qil
oxtraction, TSOME production and its
characterization

The seads were colleated with a special care te
find the ssed yleld of the harvesting areas. The seed
vield was determined as 617kg (F142kg) per




. Uwa [ Biomass and Blgenergy 38 (3005) 77-84 #i

heetare area of tobaceo plant in Denizli. Tt should
be emphasized that the seed yield may vary
considerably depending on the type of the tobacco
plant and arca. For example, Patel et al. [48]
determined that a typefgf tobageo plant in India
can give the seed yield as 1171kg/ha. The oil
content of the collected seeds was found approxi-
mately 38% (F2%) in weight using disthyl ether
as an extraction solvent,

The estimation volugs of potential tobacco sced
production in the warld shown in Table 3 is based
on the seed yield obtained in harvesting areas in
Denizli as stated above. Also, Table 3 includes the
estimation values of {he seed oil production.

Ten major countries having harvesting arcas
greater than 50000 heetares hold approximately,
75% of the potential production in the world, The
other 109 countries have approximately, 25% of
the potensial produgtion. It ean be concluded that
the tobacco seed oil may be a great source of
biodiesel production in the werld, especially in ten
countries shown in the table.

Another point is the feasibility of the production
of this source of large seale. Since seeds are
collected after leaves are eoliected, this process
does not interrupt leaves production. Using seeds
for biodiesel production will also bring an extra

Tuble 3
Statistieal mfarmuuen abam {ebaceo [43]

income for farmers. However, there is one thing to
be noted: unfortunately there are some diffigulties
in collecting seeds from fields. This may be easily
eliminated by designing special machines similar to
wheat combine harvester. In addition, the tobasco
seed cake constituting the rest of ths oll extraction
is known to be rich in nitrogen (around 6%),
therefore gould serve as an animal {eed supplement,

The other intergsting aspect is that cigarettes are
made of leaves of tobacco plants and they are
harmful te human health. By means of biediesel
production from the tobacco veed oil, tobacco
plant will probably become something useful.
Instead of using its leaves, maybe one day only
its sesd will be used.

The fatty acid composition of the tobacco seqd
oi] and the other vegetable oils are compared in
Table 4. The fatty acid composition of tobagce
seed oil is dominated by linoleic, oleic, palmitic,
stearic fatty acids plus much less proportions of
linolenic, eicosanoic, palmitoleic, eicosenoie, hep-
tadecanoic and behenic acids [42,49). The major
fatty acid in the oil is linoleic (67.75-69.49%),
similar to soybean, sunflower, cotton and corn
oils, The fatty acid compasition of the oil would
allow prediction of important properties of this
material [50-53].

P

Estimated® seed (kg) Eatimated® oil (kg)

Country ' Harvawng area (hﬁemfes)
4601 2002“ 2002 2002

China | i ,_’339.60@ !.326,498 820,861,736 311,927,460
India ' 395,500 425,000 262,225,000 99,645,500
Brazil i 338,000 377,000 232,609,060 8,391,420
Tuckey ; ’ 237,318 207,140 127,808,380 48,566,044
Indoncuia _ 208,000 208,000 126,485,000 48,064,300
LJ5A 174,592 173,782 107,223,494 40,744,928
Malawi , 100,200 100,200 61,823,400 23,492,852
Zimbabwe 77,558 71.558 47,853,286 18,184,240
Argenting ' 60,000 65,500 40,413,500 15,357,130
Greoce §7,000 §7.000 18,168,000 13,364,220
'The rest of the warld? 1,226,776 1,047,246 646,150,782 145,537,297
World Tatal .f%l)i 944

4,065,834

2,508,619,578

953,276,440

“l"atnmatcd &aed yisld; 617 kg ssed per hectare.
PEgtimated il yield : 38% (in weight) of seed.
“Rroliminary,

4109 caunt;fi_@.ﬂ whieh has the harvesting area lgss than 50,000 hegtares.

1
'
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Fable 4. }

Katty agid eampn;mcna of sammgu vggstaaw ails (5% by weighi)

Fatty acid -'foiaacao Soybesn (12]  Rapesced [12]  Sunflower[12] Cotion [12] Palm [12)  Cosn [13]

“y 1491

Myristic (146) 008 047 00 60 Y N Y Y

Bglmitie (16.0) 1096 887 139 3.5 64 8.7 426 1.8

Bulmitolgic (16:1) 0.2 0.0 0.3 0.0 9.1 .0 0.3 0,8

Stearle (18:0) 3.24 3.49 2.1 08 29 0.9 44 2.0

Gigis (18:1) 1484 124 $3.2 ad,1 15‘ 7 13.0 40.5 PLY:]

Linglels (183 6640 6775 562 223 3.8 374 1.4 6.3

Lineleni¢ {18:3) .69 420 4,3 8.2 9.9 0.0 8.2 4.4

Gthers _ 0,68 3.12 a0 1.8 9.6 0.8 18 tR]
In this study, 86% of the eil was converted o 3 TR

kiadissel usiﬂg the transesierificntion process % 4 3 . ggﬁsﬁ

described in the previous seetion, This is an 7 40 1 .,

ace@z&tab e yield for a crude ail [54] Heowever, an ﬁ; 50 ",

engoing research in our laboratory 18 being carried
out to be able to increass this pergentage.

The dynamie Wscosity valugs of TSQ, TSOME
and the diesel fuels vsed in the experiments were
measured at different temiperatures using Brook-
field Rotary viscometers RVDVII+, Fig. | shows
the variations of the dynamie viscositics with
temperature range from 5 to 45°C. It is shown in
the figure that' the transesterification of T8O
provided a significant reduection in viscosity,
especially at low temperatures. The variation eof
TSOME viscosity is very clese to the diesel fuel,
The addition of TSOME slightly increased the
viscosities of blends.

The properties of biodiesel produced are very
important and should be taken into consideration
before testing it in the engine [55,56]. The proper-
ties of TSOME and Diesel fuel No, 2 on the basis
of DIN EN 14214 standards are given in Table 5.
It can be seen that the properties of TSOME are in
the acceptabls mnges

3.2. Effects of TS’OME addition on performance
and emissions of the engine at different loading
conditions

The results ef engine tests carried out on a
turbocharged mdareet injection diesel . engine
fuelled with th‘: diesel fuel No. 2 and the three
blends are summarized here.

>

M0 275 280 2RS 200 29§ 300 308 O s 330
Tempurature (K)

Fig. 1. The change of dynamie viseasities af T8O (tobacce ssed
ail), TSOME (iobaceo sped oil methyl ester) and diessl fuel
No, 2 with temperaturs,

TSOME addition did not show any appreciable
variation in the engine performance. However,
although the heating value of the TSOME is lower
than that of the diesel fuel, in most cases TSOME
blends resulted in slightly higher terque and power
relative to the diesel fuel at full load. The higher
torque and power by the blends may be explained
with several reasons. First of all, the fuel is
pumped to the cylinders on velumetric basis,
therefore higher density of the blends provides
larger mass flow rate for the same fuel volums.

- Meanwhile more viscous blend means less internal

leakage in the fuel pump [56~58). Also, TSOME
contains approximately 11.5% (in wsight) oxygen
that takes part in combustion and this may be a
possible reason for more complete eombustion,
therehy incrsasing the torque and power [4,11].
The higher power with the blends is consistent
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Tuhla §

&pmhiguuana aE T&QMT and DlGaGl fugl M. 2.

Fmpﬁny T} Umt DIN EN {4814 Fimits TSOME ‘Diesel No, 2 ’l‘sating methed
. Min. Max, v

Beter centent % (mm) 965 AT pr N 14103

DPengity at 15°C kg/m3 860 900 886.8 841.% EN 180 367§

Viscosity at 40°C - mm2/s 3.8 5.0 3.5 2.9 EN 180 3104

Sulfur eontont - mplkg - 10 é 6800 18014586

Cetare auniber L} 51 i1.8 EN 180 §1638

Waler gentent mp/ks - 500 468 169 BN [80 12037

Agid valug MgKOH /g 0.5 0.45 ~ pr EN 14104

lodins value 120 112 e pr EM 1411)

39814 44631

Heating viriue - kikg

with the thermal gffigieney trends. Fhe efficiency of
the blends is slightly higher than the cerresponding
value of the diesel fuel. This means that the
combustion of the blends was completed meore
efficlently than the combustion of the diesel fuel
[18,41,58].

Among the blends, D82.5/TSOME17.5 pro-
vided the mdmmum increase in the torque, power
and thermal efﬁucncy The maxsimum increase in
power was eccurred at 2000 rpm as 28.74 kW, This
value is 3.13% higher than the power 27.84 kW
obtained with the diesel fuel. Furthermore, the
peak thermal emclency was observed at 2500 rpm
ds 29.8%. This is approximately 2.02% higher
than ther mal efficiency of the diesel fuel.

Although D75/ TSOME25 provided slightly
higher pewsr than that of diesel fuel, the power
of this blend iis lower than that of D82.5/
TSOMEI17.5, 1t should be emphasized that after
a certain amount of TSOME, the advantage of
TSOME may be lost partly dus to the lower
heating value and the higher viscosity, Although
TBOME viscasity is fairly close to the diesel fuel
viscosity, the reduction in power and efficiency
with higher content of TSOME in the blend was
inevitable due (o lower heating value [4]. I the
TSOME content is continued to increase, the
power and ef’ﬁcnency of the blend will be lower
than those of diesel fuel.

Diesel No, 2 fuel and D82.5/TSOMEL7.5 were
also tested at partial loads (75% and 50%), All the
performance paramsters were found to be very

olose ta gaah other, At the partial loads, the overall
mixture was furthor leaned out. Therefore addition
of TSOME had only a slight beneficial effect as an
oxygenated fuel on performance [8]. Since the
heating value of ‘TSOME is lower than that of the
diesel fuel, there were slight reductions in the
engine torque and power, Although, the thermal
sfficiency of D82.5/TSOME17.5 is higher than
that of the dlesel fuel at the full load, at the partial
Joads the blend presented lower thermal efficiency
than the diese] fuel [16]. This is consistent with the
power reduction. This indicates that the addition
of oxygenated fuel is most effective in rich
combustions [59-61],

Generally, CO level decreased with the addition
of TSOME mainly due to the complete combus-
tion [4,58,62]. The Jowest CO was obtained with
D75/TSOME2S. 1t is very likely that this is due to
the highest oxygen 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 emissions due te the
dominant premixed lean combustion with excess
oxygen under these conditions [59,60], CO level
decreased sharply with speed at the full lead.
However, the level is morg stable at the partial
loads.

TSOME contains fairly low sulfur compared
to Diesel fuel [42,63], therefore 80, emissions of
the blends were lower than these of the diesel
fuel as expected. For example, D82.5/TSOME17.5
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showed & azgmﬁ@am redustion in BQ; (up to 4584)
at full iead, similar (@ the result found by Dorado
gt al. [24]). This. amount of reductien was alse
determined at partial leads.

The NO, emisgions of the TSOME blends were
slightly higher than those of the digsel fuel at both
full and partial loads. There are mainly three
factors affecting NO, emission; exygen concentra-
tion, combustion temperature and time. The
higher temperatures of combustion chamber and
the presence of fuel oxygen with TSOME caysed
higher NO, emisslons, espesially at full load
[18,24,64]. The results showed that the increase
was around 5% at full lead. However, this increase

was negligible at partial loads, especially at 50%
load. Although the oxygen eoncentration is higher
at partial loads, ‘Lhe combustion temparature and
time decrease, leading low NQ,. Also, it is known
thai the external exygen supplied with air is less
sffective than the fuel-berne oxygen in the
production of NO,.

i

4, Copclugions |
. ‘t .

In this study, tabacce sced eil methyl ester has
been praduced and tested in a diesel engins as an
alternative diesel fuel. The experimental results are
deseribed as follows:

(1) There is remarkable tobacco seed oil potential

~ for biodieseliproduction in the world.

(2) The seed yjeld was determined as 617kg
(¥142 kg);ha and the oil exiraction yield of
tehacce soed was found as 38% (F2%) in
woight basis with diethyl ether as a solvent.

(3) In transesterification process of T8O, the
melar muelaf methyl aleohol to glycerides
was used as 6/1 with 7.5g NaOH per litre of
the oil s a eﬂtalyst and the reaction tempera~
ture was kept at 55°C. The 86% of the crude
oi] could be converied te biodiesel.

(4) The determined properties of the TSOME are
suitable for [PIN EN 14214 standards.

(5) TSOME addition did not show any consider-
able variation in the engine performance,

(6) The addition of TSOME decreased CO emis-
sion due to the fast that TBOME contains

about 11.4% oxygen by weight, and this
OX¥EIn helps to exidize the sombustion pro-
ducts in the aylinder. There was a significant
80, reduction with blends due te lower
sulphur content of the biodiessl. NO, emis-
sions slightly inerensed due to higher comhbus-
tion temperature and the presence of fuel
axygen with blend at full lead. However, the
incrensing amount of NQ, emission slowed
down with decreasing load.

As a resuit of all of the findings mentioned
abovg, it can be conciuded that tobaceo seed oil
methyl ester ean be partially (up te 25-30%)
substituted for diesel fuel No. 2 at most aperating
conditions in terms of performance parsmeters
and emissions witheut any engine modification
and preheating of the blends,
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Small Seaie Oilseed Processing Technical Brief

PRACTICAL ACTION
Technolegy ehalionging povewy

Mot oauntriss in the warid have large refineries prodvsing socking oil fom a variety ofraw materipls ncluding maizg, sunflower, sow, cocomut, mustird seed and
groundmuts. Thess largs centralized plants havs the advantage of high efficiency and reduced costs due to the economy of seale. Pespits this, in many situations
smaller scale decentralised off extraction can prove to be economic and provide opportunitios for income generation, Most commonly, oppertunitics exist whers:

» oil produced in the large refineries does not find its way out to more remote and distant rural areas. » high transport costs are fwolved in wide

distribution of eooking ofl so increasing the prise of oll. « small farmers produce eilseeds such as groundnuts for sale to the large refineries which they

then buy back, at high eost, in the form of cooking ol but without the vahuble high protein oil cake. » the crude oil is used to produce added value
predusts, most conynonly soap. © more unusual, high value oilserds are available; examples include Bragl Nuts, Macadamia Nuts. ;

File: 01 jpg
Figure 1: Bunflowsra grewn s Kenya @Bractical Action/Mowdis Kevonzo

‘e masin isks that need 19 be considered are;
The pelicy environment
In many countries the ofl precessing ssoter is highly politicised and regulations exist which make entering the niarket difficult and tend to support the monapoly of
the large processors. Large vefineries may, for example, insist that fanmers sell all their seed under a contract, In other cases seed has 1o be sold (b a contral

Government marketing board, the board also supplying seed for planting. To determine whether smnll scale processing is lkely to be seonomic it is most impartant
to first investigate the local situation and regulations,

Raw material éixpply

Clearly thers must be suﬂlciant raw material available locally, One factor that will greatly influence the viabliity of the enterprise will be the amount of credit needed
to purchase a stock of seed. The enterprise should aim to keep the minimum steek of ssed but always have cnough to continue operating throughout the year. This
requires considsrable working capital.

Marketing

In goneral hose profit will be made ifthe copking oil is packed into tatail sizs bottles. In rmany countries glass or plastio bottles are difficult to obtain end nesd fo be
purchased i large quantities so tying up capital The possibifity of using second-hand bottles should be examined as well a5 selling in drums te loeal stores, A
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survey ngeg'}, to be carried out to make sure that the packaging used meets the denmands of customers. (eg size of pack, type of container)

The vinbility of any oil extragtion enterprise depends to a considerable extent on the sale of the ofl cake for use in anima} feeds and other sub-preducts. Mark
oil eake wuwt be investigated and denand caiablished before processing starts,

Health and safety

As oil procesaing is elassifiad as 2 food pmeegsing enterprise it will be subject to local legislation. Care should be taken that standards are understood and me
particulor problam ef afiatoxins will require attention. Aflatoxins are natural peisons produced by certain moulds that grow on seeds and nuts, They are of
considerable concem to ofl ssed processors and growndnuts are particularly susceptible to contamination. The growth of aflatoxin produging moulds can be
prevented by correst drying and by preventing moistwre pickup by raw materials in store. It is most important that those considering establishing an edibk: oil |
enterprise should be able to recognise aflatoxin producing moulds and understand how to correctly seleet and store raw materials. 1 afintoxin is prosent very
passes to the extracted oil, the myjority will be found in the eake remaining after extraction. Aflatoxin contaminated cake presents a real danger if incorporsted
livestock feeds. As aflatoxin 15 diflicull to remove good practice is essential to prevent any mould growth and so prevent problenss,

Not ali mlseed crops ars suitable for processing et snull scale, the most commmon types that are suitable inelude groundnut, sunflowsr, eoconut, sesamme, nLuta
sead, off paln und chea ruts. Typieal ail contents of comman raw materials ars shown In Table 1.

Table 1 Cemtmﬂ ails and thew uses

Castor 35-55 Paints, lubricants
‘0&01& I' 15-28 Cooking oil, soaps
Lingegd ‘ 35-44 Paints |
ﬁape/nmstar& 40-45 Coacking ofl
E R } i e e

Sesame L 1138-50 Copking oil

o g e

Sunflowsr 25-40 Cooking ol

b

Mesocarp Rabn frut | av. 86 Cooking oil, soup

In many cases the grude extracted ofl is not suitable for human consumption until & has hecn refined to remove undesirable free fatty neids that taste rancid, dark
colowrs and waxes, Refining involves considerablo extra equipment costs, ‘The most suitable oils for amall aud medium seale extraction are those that need littk ¢
no refining eg. mus\t,ard sesame, groundmt, sunflower, palm and palm kel ,
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Metheds of extraction

Five commen methads are used to exiragt oik

2) Water assisted, Here the fincly ground oflseed is cither boiled in water and the oil that floats to the surfacq is skimmed offor ground kemels are
mixed with water and squeezed and mixed by hand to reloase the ofl. b) Manual pressing, Here ailseeds, usually pre-ground, are pressed in manual
serew presses. A typieill press is shown i diagram 1. ) Expeling. An expelier consists of a motor driven serew twning in a perforated cage. The
sorew pushes the material aginst a small outlet, the "choke", Great pressure is exerted on the oilseed fid through the machine to extraet the oil
Expelling is a continuous methed unlike the previows two batch systems. d) Ghanis, A ghani consists of a largs peatle and mortar rotated cithor by
animal powsr or by 2 tpoter. Seed is fod slowly into the mortar and the pressure exerted by the pestle breaks the cells and releases the oil. Ghani
teehnology is mainly restricted to the Indian sub-cantinent. ¢) Solvent extraction. Oils from seeds or the cake remaining from expelling i extracted
with sojvents and the ol is recovered after distilling off the solvent under vacuum.

Mast simall enterprises will ﬁnd ihat snuall expellers ars the best techaslogy chaioe, Methads such as water extraetion and waiual pressing only praduge small
amounts of oil por day, the exu'aetien effisiencias are law and labour requiremems high. Selvent extrastion while highly effiiant invalves very substantial capital east
and is only sconomic at large scale, There arc also heaith and safety risk from using inflammable solvents,

The basic stops involved in processing oilseeds by expeller are shown in the flow dingram below,

File:P03s.jpg
Equipment required

The equipmest needed to sg:a& up a small er medium seale il extraction onterprise falls into three main categories;

. * pre-extrastion equipment; eg dehullers, seed/kornel erackers, roasters, mills.
» extractlon squipmeny manual prosses, ghanis, expeliers
* equipment for basi refining of the oil; filtars, settling tankes,

’ FlePo3k, giF
! Figwe 2: Bscartisating mashing

The speoific equipment required will depend on the partieular erop belng processed, the final oil quality required and the scale of operation. In a small guide it is
impossible to sover both the whols rangs oftechnical options and poasible eraps the fizllowing sestion concentrates on one oxample; the extraction of sunflower
and groundnut oil by expeller.

Shelling or dehulling

Mot eil boaving seed ﬁuéd to be separated from outer husk or shell. This is refomed to as shelling, hulling or decortigation. Shelling increases the oil extraction
efficiancy and reduees wonr in the expelier as the husks are abrasivs. In genoral seme 10% ofhusk s added baek prior to expelling as the flore allows the maching
to grip or bite on the material.

A wide range of manual ﬂnd mechanical deeorticators are available and typicel examples are shown in Figure 2.
After decortication the shell may have to bo seperated from the kemels by winnowing, At small seale this can be done by throwing the nuterial into the air and
sllowing (hs air te blow gway the husk. At larger scale mechanical winnowers and seed cleancrs are available

Qlcating or conditioning

Pre-heating the seeds prior to expelling speeds up the release of the ofl. Pre-heating is gonerally carried out i a steasn heated kettle mounted above the expeller.

File:P04a gif
Figurs 3: Two sercen Grain/seed elsaner cum grader

Expelling

A wide range afmakes and sizes af expeilers aro available. In India in partisular a sumbes of officient ymall ar "baby* sxpeliors are available, A typical exainple
with e caaelty of up to 100 kg is shown in figuwre.3, This machine hag a contral eylinder or cage fited with eight separate sections or "worims", This fexiblo
system allows single or.double-reverse use and sproads wear more eveply along the serew, When the screw becomes worn only individual sections require repair
thus reduging maintenanice costs. As the material passes through the expeller the ofl is squeezed out, exits through the perforated cage snd is collseted in & trough
under the machine, The zolid residug, oll eake, exits fiom the end of the expeller shaft whers it is bagged.

Pile:P04b jpg
i Figure 4: Tinytseh oil expeller in aperation in Zimbabwe @Practieal Astion/K sith Maghell
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Filtration

The cruge expelied ol contains solid pameigs Theke can be ramoved by allowing the oil 1o stand and thon ﬂhermg the elsar oil by gravity through fine clath. A
batier byt yere sxpensive methed i puinping the vrude el through o filter press,

The typical system described abeve can be obtained for about $US 4500 (1992 priee) and conskts of

Decartiontor with blower ta ramove shell, 130 kpfv
Roiler, §0 kg steanbr at 59 psx

Goaker

Expelior 72 - 100 kpfy

Rilter pump and press.

Bile RS gif
Figure §: A flar press

1# filing inte retail packs is planned a simple manual piston filler would be roguired,
Production capacity

A small mill as deseribed above has the fliowing copacity (bused on single shift, 8 hrs/day, 24 days/menth)

ke/day kg/éiajiuxnj

a limop 260 4,076

I S P |

oikake 566 163,164

= = S SEn
Sunflower Seed | 720 207,360
oil litees 159,

oileake 532,

sy e e

¥
5

Teonarle viability will be geatly ineigased ifthe rill warks double shifl,

‘tafms efanplayment a sniall off mill wauld provide wark for the ewnsr/manager and Dur warkers,
Equipment syppliers

Note: ‘This is a selestive llst of suppliers and deea not imply endorscment by Prastioal Action

Agro Tndusirial Ageney

Near Malaviya Vadi |

Gondal Road (.

Rajket - 360002 |

India

Tel-+91 281 461134!462079/451214

Fax:+01 281 461770

Email iagdishindi,a@iwmmﬂ. som (mailiojagdishindia@hotmail.cans)

+ "Tagdish” Tiny Q1 Pmsa

Used for the exw astion of vegetable oil from oilsoads, The reverse worm system In e pressing chamber tesults in the highast recovery afoil
Food Creups: Qilsséds. Capacity: 50 kg/hour
Power DieseVElcctm

enhowtopedla.org/PitiesHow_to_Process Qilseed_on_s_Small Scale8loldid=2035
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TinyTech Plants Tagore Raad

Rajkot - 360 002 i

India |

Teh +91 281 2480166, 246&485 2431086

Fax: 2] 281 246¥582 ‘

Email: mmeh@m)&@elmadm cain (nailto tinvtech@timttechindia.com)
Websiies hitpy/wway. tipytechindia.cony

* Qil expsliers !

Capaeity: 125 kehowr. l%ﬂwgt Bleetric

» Filier Pross '
This is suitable for the ﬁlzmtinﬂ of pil. It gives transparent, very clean ofl without any solid partisles, Feod Groups; ﬁﬂsaeds
Capacity: 160-200 htrczsfheur

Alvsn Blangh Chehwasth 'é i
Malmeshisy r '
Wiltshirg b
EN16 986G |
UK i
Tek +44 (0) 666 577333
Fax: +44 (0) 666 577339

» Expellers / Ofl Borew Presi - nwdel mini §0

Barrel consirugted from sep'arate cast rings spaced apart by shims. The barrels are 60mm diameter by 155mm dramge length with a single picce worm shaft
driven from the discharge end through a totally enclosed intermadiate chain. The unit is complete with feed hopper, manual foed chute, eil discharge speut and base
te. A versatile, low cost 1mc}une, designed to suit village cormmunities or small industries, Suitable for ol and cattle cake. Food Groups: Oilseeds
dpacﬂy 50 kg/hour 1 fnput. | t
Power: DieseVElsctric

170 Wast Davis Steet

PO Box 291

Tiffin

Ghio

UsA '

Tel+1419 4480791 |
1

I
€ § Bell Co i
|
I

Fax:+1 419 448 1203

+ N, 60 Power Grist Mill h

This il i suttable for use em large and smail faros, Adjustable for grinding texture, Includes hopper, feed regulater glide, coarse and fing grinding burrs and 12
inch giameter pulley. Food Groups: Corerls/Qilsceds/Harbs/spices

Capacity: 150 kg/hour ‘

Power: Electric/Manug! i

Emzheﬂg Agritech lndia P\‘T Ld
3, GIDC Eatate ‘
Maharpma ;
prods - 320810 i
dia !
Tel +81 (0) 265 845752 -
Fax: +91 (0) 265 641683 |
Eenail: Forsagri@ad1.vanlnat.in (mailtoForsagri@ad.vsnlngt. in)

* Preurmatic Agpirater / Wmmwef

This machine is used for "an; waghing" of the material to remove all dust, lights and impurities which are lighter than the seed, Winnowing of harvested and threshed
gacds.

Food Groups: Cereals/liexbs/spms/@ﬂseeds

Ashoka Industries Kiama |
Waiganmiulla 1
Sri Lanka it
Tak +24 71 F647258

|
+ Oil Expelier f
Fapd Groups: Oflaceds |

Capecity: 5 lires/hour. Bower: Elostrie
Goldin India I;quxmut PVI Limited

en.howtopedia.org/Ttitle= Hawﬁge_Prceess,@iIse@d,en,a_Smali_SaaIa&oldid=2035 : S/7
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F-29, B.1.D.C. Industrial
Estate
Gorwa
Vadodaia - 390 016
Gujarat
Iﬂdia
ok +@1 (0} 265 3801 168350 461
I«’ax‘ +@1 (0) 268 3801 1é3f386 481
Email goldin@BEQUIR, XEE!SBQ xeemail eom (mailte:goldin@ EQUIP XEEBDQ. xeemailcem)

* Sorecn Air Separaior / Grajp Cloaners

Maost suited as presleansr ?@é‘:ﬁm storage of seods. Variable speed drive ensures accurate quality separations at high capacity, Tetally enclosed aspiration system
with eyelone provides dust fiee werking in the plant,
Food Groups: Cereals/Flerba/spices/Ollseeds/Vegetables Capacity: 100 - 2000 kg/heur. Power: Battery/Electric

Flower Foad Cempany

91/38 Rawm Indra Rond,

Boi 10, Km4

Bangkels

Thatland

Tel:+66 2 5212263 / §523420

» Seed Decostieator Maghing
Bood Groups: Oilsseds
Capaeity: 300 kg/bour. megr Blsetric

igorian Ol Mills 1td
Box 264 |

Ata
Cwerri
Ima~State
higerig
* Miliing Machine / Mills and Grindeys
This machine is used for crshing paln kemels, growndnut sgeds and moringa seeds to extract oil

Food Groups: Qilsceds/Nuis/Herbs/spices
Power: Electric/Manual

+ Oit Expaller I
This machine i used for crishing paln kemels, groundnut sseds sad maringa secds to extract ofl, Food Groups; Ollseeds/Miuts/Herbs/spisce
Power: Bloetric/Manua!

i
References and further reading

s The Manual Seraw Presy: For small-scale il extraction Kathryn H. Potts and Keith Machell, TTDG Publications 1995
3
* Small Seale Vegetable Olf Extraction 3.W. Head et al, NR], ISBN 085954 3870
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