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Production of useful  biochemicals by higher-plant 
cell  cultures:  biotechnological  and  economic  aspects 

A. SASSON 
United Nations Educational, Scientific and Cultural Organization 

(UNESCO), 7 Place de Fontenoy, 75700 PARIS,  FRANCE 

- economically such pigments, food 
additives and pesticides. An to is to synthesize cell a 

of the of the its to its along with 
of applications Economic  data, with the indication of limiting 

an analysis of potential valuable developments,  complement the assessment of this 
with applications  will  also be valuable decision-making. 

words: - Tissue - cell - - - cells - 
- - compounds. 

- de substances biochinziq~~es d’intérêt par culture de cellules de  plantes  supérieures : aspects 
bioteclmologiques  et  économiques”. Les métabolites  secondaires  chez les végétaux  présentent un grand intérêt  écononziqrle. dans  des 
domaines  aussi  divers  que la plzarnzacie, les  arômes,  les  pigments,  les  additqs  dimentaires  et  les pesticides. Ulie alternative cì leur 
extraction d partir  de la plante, consiste cì les faire  produire par des  cultures  cellulaires in vitro. Après un bref rappel de cette 
production in vitro, les  aspects techniques  de ses diverses formes ainsi  que  de nombreux exemples allant jusqu’cì des productions 
ind~utrielles  dans les divers  donlaines illustrent le procédé.  Des  données éconon~iques accompagnées  d’une  mise en évidence  des 
facteurs  linlitants  et  d’une  analyse  des  développenzents  positifs  possibles  complètent  l’évahmtion  de cette voie  nouvelle  de  production. 
Le  volwne  du n~nrclzé,  les rappoyls i~lvestissenzents-bé~zé~ce, la conzpétitivité avec d’autres voies  devront  également être des élénzerzts 
importants  de  décision. 

: - Culture  de tissus - Suspemions cellulaires élicite~~rs - Biocolzversion - Bionlasse -Cellules 
inmobilisées - - Arômes - Substances pharn~aceutiq~~es. 

Plant  secondary  metabolites 

The of metabolites in plants 
is than  that of metabolites; 
a compound is often only found in a few species, 
even within a few within a species. Though 

function in plant metabolism is 
they may have an ecological e.g. as 

sexual pollinating insects defence 
mechanisms against 1988). 

metabolites often accumulate in the plant in 
small quantities, sometimes in specialized cells. 

is often difficult. many 
compounds which as 
medicinal substances, food additives 
(pigments, compounds) and 
pesticides 198513: 1989). 

spite of the made  in synthesis 
semi-synthesis of a wide of compounds to 

by the plants, of 
metabolites plants is still of 

A of these 
metabolites difficult impossible to 
synthesize at economic values. cases, the 

is easily accepted by 
than  an one. 
objective and subjective, explain 
still applies to  a of 
which of a of of 

compounds as is the case of jasmine and 
biochemicals that have 

(e.g. some alkaloids and 
glycosides). 
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is developing 
of plant 

metabolites. This use of 
tissue and cell though  the most 

involve applying biology 
techniques to enhance the metabolic pathways leading 
to specific compounds. past decades, 

has on  the use of plant cell and 
tissue 
also to a extent in the USA, the 

of a wide of metabolites, in 
just the same way  as and fungi have been used 

antibiotic amino-acid (Sasson, 1988; 
1989). 

Plant  cell  cultures: advantages 
and drawbacks 

tissue established in 1939- 
1940. it was only in 1956 that  the patent 

of metabolites by mass cell 
was filed by company, 

1987). The 
potential of plant cell useful 
compounds, especially was 

in the  late 1960s. Thus and  §taba (1967) 
al. (1968) isolated visnagin and diosgenin 

cell in quantities  than 
whole of 

failed to synthesize of 
plant. instance, 

quinoline alkaloids synthesized only at 
low levels in cell 1986). That is  why, 

of of declined. 

1976, held in 
Zenk  and his the outstanding 
metabolic capacities of plant cells and highlighted the 
spontaneous of plant cell biosynthetic 
capacity, which could explain the 

This is exploited to 
identify high-yielding use on  an 
scale (Tabata et al., 1976: Zenk et al., 1977; Zieg et al., 
1983; Yamada, 1984; et aZ., 1986). Since the 
late 1970s, this has 
seen  a high of patent 
applications filed, especially by the scientific and 

of 
and  Japan. 1983, the time, a  dye, shikonin, 
with and 
was by plant cell on  an 
scale by (Fujita et 
OZ., 1982). although this was thought  to be a 

shikonin is still *(in 
1990) the only to be on a 

scale by cell 

with having to the  amount of 
metabolites in plant cell the need 

biochemical and on the 
metabolism of plants has 

emphasized 1981, 1984a,b; 1985; 
1986; et al., 1986). The of 

this could lead to  the successful 
manipulation of metabolism and significantly 

the  amounts of the compound(s) sought. 

is now thought  that any substance of plant 
can be by cell Thus  it should be 
possible to achieve the synthesis of a wide of 
compounds such as alkaloids, flavonoids, 

glycosides, etc., i.e. a  total of 
with complex chemical using plant cell 

technology. also seems possible to identify 
cell lines that  can amounts of compounds  equal 

even than  those in which they 
new molecules which have not 

been  found in plants have even been 
synthesized chemically, have by cell 

Thus this technology constitutes a genuinely 
new means of achieving of novel 
metabolites. 

Finally, plant cells 

of such as 
glycosylation, 

opening of a and  addition of 
atoms 1988). On hand, 

plant cells on  a scale would 
of the quality of the as well as 

without dependence on  the 
of climate 

and socio-political changes of 

The techniques of plant cell include the 
following sequential stages developments: selection 
among wild plants of a one, in-vitro 

callogenesis, which involves the selection and 
stabilization of calli with a view to identifying 
a line maximizing callus cell 
suspension, conditions and isolation of the best- 

line; scaling-up, mass cultivation in 
i.e. and 

of the compounds sought. 

Means for increasing  plant  secondary 
metabolites 

means of the 
of metabolites by plant cell 

suspensions. 

use of abiotic that could 
stimulate the metabolic pathways as in the intact 
plant; 

addition of a of the compound 
medium with a view to 
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inducing changes in  the flux of 
the of pathways 

leading to the  compound(sj sought, i.e. 
of of metabolism 

pathways; 

- of new genotypes 
fusion genetic but this 

the identification of the genes 
encoding key enzymes of metabolic 
pathways once 
in the plant cells; 

- use of mutagens to the 
existing in living  cells; 

- use of 

The use of mutagens could the 
among the cell clones and induce the 

of new lines Also 
cell fusion and gene could the 
synthesis capacity of cells. the of these 

depend on  the knowledge of the metabolic 
pathways genetic 

1. Alteration of controls of  secondary 
metabolism pathways 

of pathways, 
biosynthesis, deduced chemical 
and feeding must await 

by the identification of the 
enzyme Thus, manipulations of the 
pathways possible due  to  the lack of 
enzymological 1988). 
Enzymological knowledge to 
metabolism pathways has been the studies 
of cell suspension systems 
1979; Zenk, 1980; Zenk et al., 1985j but 
and intact plants excellent such 
enzymes. 

issue the possible of 
metabolism pathways the 

identification of those enzymes which 
This is most the case 

enzymes at  the beginning of 
points of metabolic pathways, especially when 
absence de novo of the compounds 

when manifold in  the activity of these 
enzymes conditions 

is also 
to know biosynthetic enzymes co- 
induced with enzyme 

in cell 
Such knowledge helps to evaluate  the 

possibility of specifically manipulating these 
metabolism pathway(sj to the of 
the 

is assumed that  the genes 
as gene families and  that each gene within one 

family is and is thus by 
a signal. Thus, of such 

would be difficult to achieve 1988j. 
is, possible to gene into  an 
intact suitable and have the gene 

in  a specific such as the 
et al., 1985; et al., 1985; et al., 1985; 
et al., 1985; Abel et al., 1986; Eckes et al., 1986; 
et al., 1986; Shah et al., 1986). The gene coding 

chalcone synthase could be the plant 
gene to  be used in such to 
study its with a metabolism 
pathway. Veltkamp and (1986) have out 

aimed at anthocyanin 
biosynthesis in mutants deficient in 
genetic 

Although is no example of the 
of metabolism pathways 

genetic (with a view to 
in cell of a 

compound), this seems to be  the only 
To achieve this end, it is 

gene coding biosynthetic enzymes with a 
function in metabolism pathways should be 
identified. which might be 

biotechnologically would be  to plant 
genes into and  to 

difficult (instead 
of synthesis). Once  the genes 
enzymes isolated and cloned, it could then be 
decided plant cells, 

immobilized enzymes best 
of a specific compound 

1988). 

2. Effects of elicitors 

The use of abiotic and biotic is a 
tool to the yields of in 
systems and 1985j. of 
flavonoids is induced by light via 

by infection with 
phytopathogenic compounds which induce 
the synthesis of compounds in plants. The 
addition of an of Verticillium, a fungus 
of plants, has induced the synthesis of gossypol by cell 
suspensions of Gossypiunz arboreum 1984, 

1987). See also 
et al. (1985). 

can be specific should 
be  found which  will significantly the amounts 
of quinoline alkaloids in plant 
cell 198Sj. The in the 

of alkaloids by poppy cells could 
be likewise but this is still an 
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a single be 
The needs  to  be  added 

and this complicates its use. 

3. Bioconversion 

cells can a wide of 
and such as oxidation, 

methylation, glucosylation, 
acylation and amino-acylation 1978; et 
al., 1983: 1985b). 

One could cite of steviol by  cells 
of Stevin rebaudiana into a glycoside, steviobioside, 
which  is 300 times than and which  is 
used as a example is that 
of salicylic  acid  which is glycosylated by cell of 

japonica to give having a 
analgesic 
than (acetylsalicylate). 

the case of Digitalis two 
compounds isolated the leaves: digitoxin in 

quantities  and digoxin in small quantities. Only 
digoxin has 
cannot be chemically by 

A of highly 
is the of the 

beta-methyl-digitoxin 
less toxic beta-methyl-digoxin, by cell 

of Digitalis lanata 
1980; et al., 1985). Using selection 
techniques, cell lines have been isolated 
and  the most effective achieved so 
has a 28-day cultivation 

et al., 

4. Root  cultures 

of White (1939) who 
established capable of unlimited 

in media containing and 
and yeast in 1942, succeeded 

in the of the tobacco plant. 1957, Solt 
that  the of nicotine 

tobacco closely the in 
tissue as of 

weight accumulation (in et al., 
1987). was also shown of henbane 
(Hyoscyamus  niger) synthesize hyoscyamine (in 
et al., 1987). 

Datura cells, alkaloid was 
of callus (Lindsey 

and  Yeoman, 1983, in etal., 1987). 
calli of Atropa bellodonna do not 

alkaloid hyoscyamine but 
when callus 

et al., 1969, in et al., 1987). The 
glycosides of Digitalis when 

calli induced following 
with plant et al., 

1984, in et al., 1987). All  these have 
led use continuously 
plant tissue even of such as 

of metabolites. 

Chilton et al. (1982) that  the soil 
Agrobacteriunz rhizogenes, caused a 

disease affecting a wide of 
dicotyledonous species and in  the 
of adventitious host wound 
site (due to  the of a of the 
plasmid of A. rhizogenes into  the  plant genome). 

then established as aseptic 
with antibiotics. and (1985, 

cited in et al., 1987) the to 
showed stable 

metabolites, namely alkaloids of 
Hyoscyamus. of 

Council 
of Food 

United used as a 
genetically and biochemically stable system 
study of metabolites. The 

stable lines may potentially be 
exploited as in as plants 
in  the field following et al., 
1988). 

Axenic of 
rustica and Datura stramonium (which 

nicotine alkaloids 
hyoscyamine and scopolamine) developed 
following inoculation of with 
Agrobacterium  rhizogeness The exact 

of leading to still 
fast by 

they show a of 
with doubling times which can be less than 48 

by a high of 
This is associated with the 

of the metabolites 
that species in of both 
absolute amounts of et 
al., 1988). 

twenty clones of Hyoscyamus 
nzuticzrs and 1985, cited in et al., 
1987) alkaloids at  the same 

as in the whole plant in 
has been  stable  in two 

selected clones 40 monthly passages, but 
when induced 

calli, when calli 
et al., 1987). 

biomass was high: an initial 
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inoculum of 2 to 4 mg (1 to tips), a typical 
clone of Hyoscyanms  rnuticz:~ in batch 

weeks showed a 2,500 to 5,000-fold 
i.e. a with 

the fastest cell suspensions. The with 
Hyoscyanz~~s  muticus extended  to Datura 
and Scopolia species et al., 1987). 

has been shown that of Beta 
vulgaris and synthesized betalains 
and  nicotine plus anabasine, and  that  a 
significant of tobacco alkaloids was found  in 
the of a 20-day 

of Atropa  belladonna shown to 

with those  found in plants  and 

et al., 1986, in et al., 1987). 
et al. (1986, et al., 1987) examined 29 

clones of Scopolia  japonica and  isolated two 
highly clones: clone S1 which accumulated 
scopolamine to 0.5%  (wlw) weight and clone S22 
which synthesized hyoscyamine at 1.3% (wlw) 
weight. of Hyoscyanzus 
species accumulated hyoscyamine and  scopolamine  in 
the of 0.04% to 1.1% (wlw) weight and 
0.06% to 0.3% (w/w) weight, 

et al., 1986, in et al., 1987). 

The of the 
by as well as that of beta- 

xanthine, is have 
been used to of the 
family (1,000 15,000 
species), i.e. the the 
polyacetylenes. active against 

fungi and  nematodes.  They found  in the 
synthesis may be elicited by infection 

with 1986, 30 
and clones Anzbrosia, 

and Tagetes by 
et al. (1987). These clones 

compounds to  those of 
monthly passages. was concluded 

could synthesize 
polyacetylenes cyclic et 
al., 1987). 

at 
New of 

in the 
of cell suspensions. These 

tissues able the 
complex chemical 

be 
subsequently  isolated by liquid 

species of onions 

to  be 
of 

conditions have been  studied  and  it was 
the  final could be modified by changing the 

the medium. The 
by in would be much 

available 
(in Biofutur, no. 71, 1988, 

p.  13). 

of many following the 
example et al. (1986, et al., 
1987) who of nicotine by 

of rustica in a two-stage 
batchlcontinuous-flow system. showed 

of 
a 

has now been  developed 
of Hyoscya~ms muticus (in 

et al., 1987). 

also being used to elucidate 
mechanisms of metabolism 

pathways with a view to enhancing the of 
et al. (1988) have 

been developing manipulate the 
metabolic pathway at  the level of the individual  gene 
and  thus the individual enzyme. involves identifying 
genes coding enzymes which 

to 
of 

to flux 
the pathway. addition to 

limits of the  metabolic pathway 
common to nicotine  and hyoscyamine biosynthesis. 

et al. (1988) 
coding Saccharomyces cerevisiae into 

of rustica is 
of the mosaic 

gene was 
plant  genome  and was successfully 
fully active enzyme. of of 
enzymes involved in biosynthesis of the alkaloids was 
unaffected in the cells. 

is to study the 
of the of pathway in 

how the of 
of genes is developmentally 
This would lead  to  the manipulation of this 
to optimize of the whole pathway 
et al., 19SS). 

To sum up, the use of as a 
of will depend on the 

scaling-up of techniques,  on 
knowledge of the signals which 

induce of 10% 
weight, and on  the identification of high-value 
biochemicals in the (Sasson, 1988). 
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Industrial  production of useful 
biochemicals by  higher-plant  cell 
cultures 

1. Market-value  estimations 

Economic 
attached to  the of substances and 
biochemicals (see Table). The 
value of of plant in 

was US $20 billion in  the 
mid-1980s. The value of codeine and of 
the alkaloids, vinblastine and 
has been  estimated at  about US $100 million 

1987). The 
value of has 

expected  to to US $6 billion in 1990 
1988). 

1988, value of 
shikonin details see below) was about US $600,000 
which is US $20 to US $50 million 
investment of the development 

the final cost of the fell to US 
$4,000 kg which with US $4,500 kg 
the substance the of 
Lithospermurn  erythrorhizon. should be  noted  that 

the  Japanese cosmetics which 
developed lipsticks containing shikonin, a 

of about US $65 million two in 
the sale of 5 million lipsticks, each 

lipstick selling US $13. of 
China, Ltd todav intends to 

been  estimated at US $4 billion in and is the itself 1988). 

Economic  data  for some substances of plant  origin 

SUBSTANCE USE 

Pharmacy 

ajmalicine 
codeine 
digoxin 

diosgenin 
vinblastine 

Food-additives  and  fragrances 

jasmine oil 
mint oil 

vanillin 

Cosmetics 

shikonin 

3- 5 tonnes 
80-150 tonnes 

6 tonnes 
200 tonnes 

. 5- 10 kg 

100 kg 
3,000 tonnes 

30 tonnes 

150 kg 

COST 
(US$ 

1,500 
650-900 
3,000 
20-40 

5 million 

5,000 
30 

2,500 

4,000 

US$ 

4.5-7.5 
52-135 

18 
4-8 

25-50 

0.5 
90 
75 

0.6 

Sources: Fontanel, A.; Tabata, 1987. of by 
1986-1987, pp.93-103. 

J.; A.J. 1986. of biochemicals  by  plant cell 
Zealmzd Journal of Technology, 2, pp.59-70. 

A. 1986. The  potential of plant cell pp.44-7. 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



that of cell multiplication and 
metabolite synthesis uncoupled, 
at  the  end of the phase. 

3. Achievements 

Significant has been made to the 
of since the late 

1960s. et al. of the of the 
Atomic 

out on mass cultivation in 20- 
capacity of selected cell  lines of 

(ajmaline, 
somniferunz (thebaine, codeine, Artemisia 
annua and plant species (Chadha et 
d., 1988). 

uses a non- 
continuous biomass of 
ginseng in the yield being 500 
mg day 
1988). et al. (1982, 
Fontanel, 1987) succeeded in cultivating tobacco cells in 

two months with yields 
being 5.82 g day. Fujita et al. 
(1982) selected a highly cell line of 
Lithospermun erythrorlzizon and 
developed a two-stage 

shikonin which is extensively used 
in Japan its 

also as a dye. This substance is found  in 
of the  plant which accumulates up to 2 to 3% 

of its weight as shikonin, the plant  taking 5 to 7 
to a size useful 

No method is yet available to synthezise shikonin. 
1983, a 
technique of 
shikonin by cell The involved two 
stages: (a)plant cells in a 
capacity biomass was 

a second which the 
composition of medium 
synthesis of shikonin. Even  though  the capacity of the 
second was only 750 the  Japanese 
technique point in the 

application of plant tissue 
1984b). a 23-day cells 

in  the accumulated 23% of 
weight as shikonin 1983). The of 
L. erythrorhizon cell was 60 mg g of cells 

week, that is  1,000 times than  that of the 
plant which a time of 5 to 7 

The success of shikonin was due to the 
selection of a cell line which accumulated a ten-fold 

level of shikonin than  that  found  in of the 
This achievement 

conditions media which  was 
facilitated by a visual selection cells. 
Cell have now thus become the 

of shikonin et al., 1987). 

addition to  the on shikonin, Japanese 
scientists able  to  obtain quantities of 

of Coptis  berberica. This 
plant species accumulates significant amounts of 

in to 
could be  obtained  in weeks using 

tissue et al. of 
Ltd have isolated a cell line of Coptis 

japonica that contains 10% of weight) 
and which could 1,500  mg  of this 

alkaloid 
days. Analysis of cell lines by  flow indicates 
that  the 
cell selection is to  the of of 
cells with a high content of to an 

of this content  in all the cells. Thus, the 
high-yielding line is most (in 
Biofutur, 110.83, 1989, p.17). 

of is also being developed by the 
cosmetic company 1988). 

the of et 
al. (1985) of AG able  to 

cells of Digitalis  lanata in and 
obtain 500 g of beta-methyl-digoxin in months; 
the of beta-methyl-digitoxin was 

high, up to 93.5%, if the non-used was 
et al. (1985) Coleus  blumei 

cells in a with the module 
using this system with they 

high yields of acid (5.5 g 
21% weight of cells. 

Chadha (1985a, the successful cultivation of 
Catharanthus Y O S ~ L ~ S  cells in 7 to capacity 

modified to lift and agitation, in 
single and multiple stages. The cells high 
levels of total alkaloids ajmalicine and 

as the components. was shown that 
plant cells could withstand to some  extent, and 
that judicious use of lift and low agitation was 
advantageous. at Ciba-Geigy AG, 

have alkaloid scopolamine 
cell of Hyoscyamus aegypticus in 

(in 
21 1984). 

is a alkaloid ex- 
of 

needed 
substance can be Cell have been 
used quantities of this alkaloid, which 
is used in toothpastes  and  mouth lotions to combat 
dental  plaque  and  tooth decay. 
will be  the of a 

of the  National 
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Council of Canada,  Saskatoon,  and  Vipont 
Collins, USA. The 

will use the eliciting of 
of a fungus, an unspecified Botrytis, that induce 

the synthesis of and 
by plant cells. have shown that in 
semi-continuous which could be elicited twice, 

of alkaloids 3% of 
biomass (in Biofutzlr., no.79, 1989, p.13). 

These examples and show that 
of plant cell biomass and 

metabolites is possible with equipment and 
analogous to those used with the 
economic viewpoint, Zenk  made  an estimate of US 
$500/kg of a by  cell at a 

of 1 g Goldstein et  al. (1980) of 
AG) also analyzed the 

economics of plant-cell methods and suggested 
that costing US $1,00O/kg 
suitable. With the 
cost could be much a 10% weight 
yielding cost come down to US 
$228/kg. This could if immobilized 
cells used (Sahai and 1985; and 
Chadha. 1986). to a study out in 
Japan, any substance of plant with a value 
exceeding US $80/g could be 

by  cell tissue This would even 
apply to substances of which the 
between US $250 and US $5OO/kg, i.e. many 

compounds, 
condiments and 1984b;  Vasil,  1987, 
1988). 

cells in a gel, which  is to  the 
molecules of medium on (with 
a view to metabolic capacity and to 
using them times), has the advantage of 
extending the time of cells six months) 
and of making the cells catalyse the same 
almost indefinitely. Active has been out 
in this since the 1980s. Thus,  the  team of 

of of Tokyo 
has developed a the 

of codeine, which  is  mainly used as an anti- 
cough compound in cells have been 
immobilized in  calcium alginate beads and they catalyze 
the of codeinone into codeine. This 
technique enabled the Japanese to 

the of plant-cell 
the instability of cells and the low  yields of the 

compounds. They the size of cell 
(2.5  mm 

life-span and obtaining yields of codeine that equal 
to those in non-immobilized cells Biqfutzw. no. 79, 

p.14). 

The use of immobilized cells should bypass the 
of the compounds biomass as 

the now in the medium itself. Examples 

of this include of caffeine, 
capsaicin and metabolites 
still to accumulate in the cell vacuoles and it is 

gain on how 
these metabolites may be made  to diffuse out  into  the 

medium. Although immobilized cell technology 
is a technique, especially aimed at 

costs, examples still do  not exist 
which  would gain of on an 

scale and 1987). 

4. 

With the  onset of the 1990s, only Japan  and,  to a 
of 

engaged in the of 
metabolites by plant cell The only 

(as of 1990) shikonin. Japan, seven 
have common 

in and development on plant cell The 
Cell Technology Technology) has 

been  set up with of the  Japan 
Technology 
Co., Ltd, Toatsu 
Chemical Ltd. Toa 

Co. and Co. Ltd. 
most companies not 
enthusiastic about  the 

1988). 

could explain this 
situation. the time selection and 
stabilization of cell lines is about two due 
to  the difficulty of and somaclonal 

Consequently, is a tedious and 
time-consuming of a of lines. 
Secondly, the lack of knowledge 
biosynthetic pathways of metabolites 
explains instance, it has not  been 
possible to isolate a cell line with a good level of 

of alkaloids of Cntlmrmltlulus roseus, 
although these alkaloids in minute 
quantities  in  the  plant  (one  tonne of leaves yields 
0.5 to 2 g of these compounds). the difficulties 
of of the compounds 
especially when the compounds accumulate as 
combined substances; this explains why the 

company has 
of codeine by 

cells of somniferzm. to 
Steck of technical and 
scientific difficulties can be in 

in costs. 
is, though, essential that a be 
identified in to the investments 

1988). 

difficulties identification of 
compounds as well as economic and legal 

of metabolites by 
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plant cell tissue must, of be 
competitive with conventional means of 

such as the 
plants, enzymatic chemical 
synthesis semi-synthesis, 

of the plant itself somaclonal 
genetic etc., followed by the 

of the plant in-vitro 

by  cell could be justified, 
costly and difficult 

to means. to of 
the this would 
be feasible only whose annual 

would be US $20 to US$50  million, 
with  a  minimum  selling of about US $400 to US- 
$500 kg. Thus, ajmalicine and  jasmine oil,  in spite of 

high  selling - US $1,500 and US $5,000 
- 

by  cell because of the size of 
i.e. US $8 million ajmalicine and only US 

$500,000 jasmine oil,  which  would the 
of the investments to be  made in 

and  development. hand, mint 
which of US $90  million, 
has a selling which  is too low - US $30 kg - to 
be 

The challenge lies with the 
identification of economically 

1988). as many companies 
the have aspects, it 

may be concluded that such that may 
have been identified will closely 

some  time to come. 

the of 
also to  be 

plant substances - 
semi-synthesis - used  in and 
cost is often individual 

economic weight is low. 
used  in  small quantities in a medicine whose  final 
is investments in 
and  development  than to  the cost of 

the is open 
to  the competition of chemical synthesis that is 

efficient  in developing new molecules with  highly 
specific  activity. Thus, the development of new 
synthetic compounds in the  USA has 

in the Digitalis 
glycosides. is also one of the causes 

the of beta-methyl-digoxin 
by Digitalis cell 

1988). was envisaged 
and vinblastine Ccrtlzarc~nthus roseus 

cell by Eli Lilly & Co., ubiquinone 
et al., 1982), L-dopa 

pruriem and 1984) and 
digoxin Digitdis h a f e /  al., 1985). 

of 
substances, compounds  and  food 

additives, and basic by plant 
cell tissue These although less 
valuable than have 
This explains of as  is 
witnessed by the multiplication of 
of publications devoted to food additives and cosmetics 
that to  the 1986 of the 

Association of Tissue held 
in USA. 

this the difficulties to  the 
low investments made in and 

development by the companies involved  with 
food and addition, technical 

difficulties should  not be because most 
with a few exceptions such  as 

vanillin (which  is a violet 
that needs to  be to 

of a of 
compounds,  some of  which in minute 
amounts  but which vital final 

to be accepted. is to 
such exactly  by  cell The 

evaluation of cell lines usually must on 
the smell and  taste of the thus 
necessitating that be out in locations 
having easy access to such people. Consequently it is 
almost impossible to conduct such outside 

companies. These companies, 
in with only 

two exceptions have usually set face against 
the feasibility of and 

by anything than conventional means. At 
to  be a 

but  it should be that many of these 
companies on and a 
of To seek to one by 

(i.e. plant cell could 
the supply of a of 

simply  by the now 
business. Thus  the balance between 

and is  a subtle one  and is one which 
wishes to see upset. 

issues will be  the legal status of 
these new Will they  be 
Would it  be possible without a 

toxicological study,  as is the 
case all new plant 

and cultivated with conventional 
methods?  The modification of the genetic of. 

is, much 
changes which may in cell suspensions 

1987). 
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Industrial  production of food additives 
and fragrances 

Food additives to making foodstuffs 
by enhancing 

Food technologies 
to these especially with 

of the foodstuff. The need  to 
have the specific foodstuff in 

suit the tastes makes it 
‘to use especially in 

they may be indispensable. A few 
decades ago, 

by and 
heating. chemical compounds, as 

completed of 
Nowadays, new compounds existing 
ones  and they usually enzymatic 

by biotechnological 
methods, i.e. by and  plant cells 
1989). techniques 
chemical synthesis if they cost-effective, e.g. in 

of acid and monosodium 
glutamate. synthesis is also the only means to 

thickening additive xanthan. 

Since the  late 1950s, many food additives have been 
questioned mainly by 

safety 
use and consumption. At  the same time, the 
associations of of the inclusion of 
additives in foodstuffs, have been 

bodies to have chemical 
additives by additives 
animal tissues, synthesized by 
plant cell New would 
allow food to to  the 
opinion also to the 

to  the climatic and political 
of supply in  the 

take advantage of the in between 
and compounds. 

instance, in  the case of vanillin. its is about 20,000 
FF kg if it is vanilla pod, 
it costs only 50 FF kg  if it is by chemical 
synthesis lignin. Although this is 

it is not possible to two 
of vanillin molecules chemical physical 

analyses. with 
will be easily detectable  and 

will be by those 
who will benefit most existing 
sales 1989). 

also food additives use has 
been by the associations of 

in  the 1970s, because most of 
by chemical synthesis to 

any 

Economic Community, 24 pigments 
of which 10 of is 

of foodstuffs is associated with 
acceptance they the list 
of pigments used this is bound to become 

is to by 
will 

the public will pay costs 
The biotechnological methods used 

of 
consist of and 

cells 1987). 

of pigments plants is an old 
technique, e.g. anthocyanins 

Some pigments 
cannot be the  adult 
stage. This is the case of a pigment 

of of shikonin, 
of Lithospernmm erythrorhizon. 

case of shikonin, plant cell have been 
successful in the of this dye (see 
above). 

1. 

a of 
compounds: 500 have been identified in 

coffee beans  and 200 in apple. 
susceptible to  the of 

foodstuffs such as 
etc. Some by enzymatic chemical 

and usually if long 
This is  why substitutes have been sought 

them since the  end of the 19th 
coal oil 

and added  in low (10-6 
ppm, and 10-9 The 

synthetic molecules, which identical to 
molecules, use biotechnological methods. 

The of have the advantage of a 
constant composition, of not  depending  on  the  season 
and of being such a way that  the 

is adapted to  the is 
of not being of substances that the 

This is  why the biotechnological 
now being 

1987). instance, (1986, in 
1987) of cocoa 
and coffee have by cell of 
Tlaeobroma cacao and Coffea arabica, 

The value of the 
was estimated at  about US $3 billion in 1988 

(Vaisman, 1988). 1987, the  ten leading 
companies of the 

in 1981 the same 
was 20 companies 

1989): 
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and USA) US$ .............................................................. 
NV, .................................................................................. 

Takasago (Japan) ........................................................................................................... 
of .................................................................................... 

............................................................................................................................................... 

AG, of ........................................................................ 
USA) ...................................................................................................................... 

.................................................................................................................................... 
.............................................................................................................................. 

.................................................................................................. 
........................................................................................................................... 

T. Co. (Japan) ..................................................................................................... 
Ogawa (Japan) ................................................................................................................................... 

Givaudan AG, ...................................................................... 

.................................................................................... 

AG, ............................................................................ 

to  the conclusions of a study 
by a consulting of 

is with that of 
foodstuffs in which  is at a 
pace. 5% to  6%,  and 
sometimes up  to 12% of is devoted 

development, i.e. of 
magnitude 1989). 

Japan,  the of 
was slow the 1970s but  the 

consumption of home 
induced of 

the was evaluated  at  about US$0.8 billion 
in 1988. companies have emphasized 

in this Takasago 
T. Co., 

Co., Shiono Ltd,  and Ogawa. Thus, Soda 
Co. of 

substances and 80% of 
of gas (Vaisman, 1988). 

cell means of 
of in  Japan 

(Vaisman, 1988). Thus, Co.  Ltd, 
Toatsu Chemical 
Ltd, Ltd  and 

Co. have concluded 
to substances by plant 

cell The of in  the 
of humulane, a by- 

of the of hops, and  that of 
Ltd  in  the 

of shikonin to  the 
success of this association. Ajinomoto Co. has also filed 

of (which  gives 
its spicy taste) by of cells pistil 

of Crocus sativus was 

1987 

746 
635 
462 
441 
333 
327 
250 
125 
120 
100 
83 
72 
66 

of Yeoman in 
Co. is lavando1 by of 

cells, while at 
using cell to catalyze the 

of alpha-menthol (Vaisman, 1988). All 
these by emphasizing 

the 
to use 

consumption of medicinal and 
plants has past 20 a 

of being utilised as 
and infusions steeping of 

being 
food, and cosmetics 

1986, consumption of these plants in 
30,000 tonnes. 

was only 13,000 tonnes, the balance being achieved by 
deficit was valued at 272 million 

FF 1988). 

have to 
of medicinal and plants, 

while of the This 
has involved help to  the 

to  the demand  and also to achieve 
initiative is that 

of a new biotechnology company, 
established in Lyon, which aims to apply 
biotechnologies of medicinal and 

plants, with a view to with 
medicinal additives. Finally, 
have been made to  obtain to 

plants plant having medicinal 
1988). 

The leading such as 
and AG, 

have been involved in this have 
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bought many companies. Sanofi-Elf- 
has made investments, 

companies such as 
chemical such as NV 
&r Gamble have been to this new 
activity conventional ones. 

companies such as 
Esso and 1989). 

This new situation will limit the negotiating capacity 
of small which mainly  involved  in the 

of As they have been slow 
to activities, they now  must make a choice 
between and with 

companies. Old that supply the 
with the have to face the 

competition of biotechnological the only hope 
them is to on 

the supply of high-value added 1989). 

of the small- and medium- 
size companies in of 
could be analogous to  that of small biotechnology 
companies which concluded with the 
and e.g. the company, 

which  has with 
Nestlé, Tate & Lyle, and plc in 1989 
with the 
Smithkline into  the new 
the biotechnological of 

cost effective, the small companies 
which have biotechnologies will 

of the food, chemical 
and Such new 

will be by which 
makes 

medicines and biochemicals 
This is, instance, 

substantiated by of Nestlé 
which link activities in 
dietetics. which seems and which can 
be a of 

including by plant cell is that of 

2. Aromachology:  new  prospects for fragrance 
production  and  commercialization 

Since the 1980s, Shiseido, the leading Japanese 
cosmetics company, of 

and have been out 
and in a new 
not  to be confused with which uses 
essential oils This new science 
aims at studying the effects of scents and on 
the physical and  mental conditions of human beings, 
and  at using these substances to modify these 
conditions. 1989, in with 

Company, Shiseido was testing the effect 

on conditions of the of a specific 
the system into  the 

offices at of the day. The objective, as 
stated by Shiseido, was to to eliminate the due 
to and to the effectiveness and 

of employees. 
being conducted by Shiseido with civil 

company, Ujima, and with Taltasuna and 
Shimizu Company. 
1989 automobile show in Tokyo, a was 
displayed with an system  which 

a jasmine to  keep  the awake 
1990). 

1984, the leading company 
and filed the patent  on ‘a 

method which induces the of physiological 
subjective to in human beings’. 

it was only in 1988-1989 that  the 
company could a method  to  evaluate in 
quantitative and in a way the changes of 

mental state. This method combines 
physiological such as blood 

and waves  with the filling  in of 
such as those used in to 

evaluate  the effects of medicines. to the 
statements  made by the executive in of technical 
development at the statistical 

to  be and can 
effectiveness of the tested. is a 
placebo effect of about 60% which has, of 

1990). The Japanese 
also using the of physical 

as well as tests 
of alpha-  and beta-waves). to Takasago 

a of methodology 
is to  be valid and  it has been developed in 

with Japanese and scientific 
institutions 1990). 

New with specific effects to be 
1984, Shiseido two Cologne- 

and 
The Japanese company 

in  the whose 
stimulating sedative effects have been established 
scientifically. 1988-1989, the same company 
developed with Seiko an 

clock  which a 
of pine and eucalyptus which 

should stimulate  the body. second 
Japanese cosmetics company, developed a 
containing camomila, anise, among 
which  has sedative and sleeping effects. 

sells which sedative 
stimulating when they 
small is  now 

with 
between the textile which 
when used 1990). 
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Cosmetic with the same objectives as those 
by have also by Avon in 

with Takasago and by the 

Although the companies investing in 
claim that they do not wish 

the medical the time being 
they focussing on 
stimulating compounds, it can be assumed that this is a 

only those companies which 
but also those which  would 

like to seize this widen of the 
might not be unusual that  in  the 

buy a not only because of its 
scent but also because of its stimulating 
physiologically-specific effect. 

l leading cosmetics company, 

this it is mentioning 
made jointly by the Foundation, and the 

of Cincinnati about of 
that can vigilance. at 

is being out on the 
effect of on violence. At  the of 
Tsukuba, in with Shiseido, of 

of activity being 
using to be in 

(Vaisman, 1988; 
1990). 

little has yet on the 
of the public to these developments. 

Will they accept the well-being by the new 
will associations, unions 

and public bodies in of health 
to  the potential side-effects of the on physical 
and mental  health? 

Conclusions 

One should not conclude hastily that cell 
have no in of of useful 
substances. out 
and development because the possibilities 
exist to the yields of 

even if compounds not 
developing up to  a stage, some biosynthetic 
compounds could be used as valuable 

synthesis, could themselves constitute 
new size end the 
codbenefit of the technology, the 
competition with substitutes and the existence of 

of supply which influence the 
choice of technique, 
especially  when  deciding in of plant cell tissue 

Thus, it is that metabolites, 
synthesized simple enzymatic 
the of a single gene, could be efficiently 

by cells 
than by plant cell tissue (in United 

States Office of Technology Assessment, OTA, 1983). 
Finally,  it is not easy to identify economically 

because of confidentiality 
in this and because of the 

contacts between and companies in 
the field of and medicinal plants 

Japanese scientists and companies 
optimistic of plant cell and 

they 1989, the  Japanese 
of and launched, 

Agency, a new 
named With a budget of about 
110 million yen, this aims at essential 
oils, and glycosides out of plant (wood, 

leaves). applications of the 
compounds to  be additives [in 

medicines and (in 
no. p.8). 

and the  USA, a of 
companies do out in this and closely 

instance, in 
maintains a 

activity in this and has 
of Chénieux and on  the 

of of ellipticine - an anti- 
alkaloid - by cell of Ochrosia ellipticn 

(Apocynaceae). The same is involved 
Company in the of 

compounds by Ambid and his co- 
at  the  National School of of 

Toulouse. Nestlé’s on its 
on the of metabolites 

by plant cells and has established 
with many teams such as that of Cosson at 
the Faculty of in the 
south of An awaits a decision 
that will be taken on economic on 
scientific technical ones. The 
company, is 

out at the of on the 
of diosgenin. When the chemical 

company 
it dissolved the 

plant its - one 
of the plant the 
- in late 1988. is looking 

an policy in the field of plant cell 
1988). 

At level, all these issues 
discussed at  the Symposium on of 
metabolites by plant cell held in in 

1988 and by the 
Association of Tissue and 
Association la 

Association of 
expected that  at least two 

could be identified in launch a 
level and that 
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be in 
is but 

could be 
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