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1. Product Code: 

2. Finished Product Specifications: 

a. SFI (~ 
(1) 5O 
~2) 70 
13) 8O 
(4) 92 
(5) 104 

b. Iodine Value (IV) 
c. Melting Point (~ 

3. Formulation: 

Base Stock 

Limits 

Quantity (Lbs.) 

Predicted 

Storage Tank No. 

Total 

4.Finished Product Cost (S/Lb.): 

FIG. 6. Computer output format for product blending. 

ties), improved product quality consistency, and re- 
duced quality control laboratory workload. 

�9 Reduced workload for higher-skilled personnel in- 
volved with blending (opportunity to reduce staffing 
requirements). 

�9 Availability of actual product cost by lot. 
�9 Increased profit margin from most favorable cost 

component blending within restraints imposed. 
�9 Achievement of a significant step in developing 

computer controlled and integrated manufacturing. 

S u m m a r y  
Production of multi-component edible oils is both tech- 
nically demanding and financially significant. Con- 
ventional methods used in product blending have se- 
rious shortcomings in achieving optimum product qual- 
ity and financial results. Computer application to prod- 
uct blending provides the opportunity to consistently 
attain "best  case" product quality and financial ob- 
jectives. The use of computers for product blending 
can be as simple as a single personal computer for 
performing "best  fit" blend calculations or as com- 
plex as networking departmental functions for rele- 
vant data access {financial, quality control and pro- 
duction} and for control of the production processes 
and operations involved. 
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BIOTECHNOLOGY 

Market applications for microalgae 
Alternate sources of fats and oils are being sought on an ongoing basis, 
with particular attention being paid to novel specialty products of possi- 
ble high commercial value. A t  the request of J.B.M. Rattray, Associate 
Editor for JAOCS News for Biotechnology, David Kyle of the Martek 
Corp. in Columbia, Maryland, has prepared the following article on 
potential applications of microalgae and their relevance to the fats and 
oils industry. 

Microalgae represent a subset of 
single-cell microorganisms that gen- 
erally grow autotrophically using 
CO2 as the sole carbon source and 
light as energy. Some species of 
microalgae, however, are heterotro- 
phic and can use different forms 
of organic carbon as nu t r i en t  
sources. 

Although microalgae most com- 
monly inhabit an aquatic environ- 
ment, they are ubiquitous in na- 

ture and have been identified in 
almost every ecological niche on 
this planet. Aquatic microalgae 
have been isolated in areas rang- 
ing from hot springs to glacial ice 
flows; terrestrial species have been 
identified from the desert to the 
arctic tundra. Some species are in- 
tercellular symbionts with fungi 
(i.e., lichens) or marine sponges and 
hydrazoans .  In total ,  there  are 
thought to be over 50,000 differ- 

ent species of microalgae, of which 
only a few have been characterized 
in any detail. 

This lack of detailed informa- 
tion on microalgae compared with 
other microorganisms (i.e., bacte- 
ria, yeast and fungi) is primarily a 
consequence of their unconven- 
tional cultivation. As a result, they 
generally have not been included 
in large-scale industrial screening 
programs until very recently. Thus, 
microalgae represent a major un- 
tapped resource of genetic poten- 
tial for valuable bioactive agents 
or special purpose biochemicals. I 
will address the question of how 
this potential resource can be ex- 
ploited and identify some of the 

(Continued on next page} 
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limitations for industrial uses of 
microalgae. 

Commercial manufacturing 
There are several possibilities for 
commercial production of microal- 
gae and/or their  products .  The 
choice of an open pond or "farm- 
ing" strategy versus the photo- 
bioreactor or fermentation-like strat- 
egy depends entirely on the prod- 
uct and its ultimate use. 

For example, Spirulina has 
been harvested for hundreds of 
years from Lake Chad and used as 
a food source in Central Africa. Be- 
cause of its high protein content 
(>60%) and digestibility, it has re- 
cent ly been cul t iva ted  in large 
ponds by private industry in Is- 
rael, Mexico and the U.S. In the 
U.S., it has been targeted for the 
health food market. However, prob- 
lems with the quality of the prod- 
uct produced in these open systems 
(e.g., excessive contamination with 
insects) led to the U.S. Food and 
Drug Administration (FDA) ban- 
ning Spirulina from the Mexican 
source. Chlorella, another microal- 
gal food supplement, also has been 
grown in open ponds on a commer- 
cial scale in Japan and Southeast 
Asia. Dunaliella, a natural overpro- 
ducer of carotenes, has been grown 
in open ponds in Israel, Australia 
and the U.S. for the production of 
foodgrade f3-carotene. In this case, 
however, the carotenoid is proc- 
essed from the microalgae and the 
importance of quality control is at 
the processing plant stage, not at 
the pond level. 

The principal advantages of 
open-pond cultivation systems in- 
clude a relatively small capital in- 
vestment for production of the bio- 
mass and a free energy source for 
the growth of the organisms (i.e., 
sunlight). Because culture ponds 
are dependent on the environment 
for temperature control and light, 
their productivity is affected by en- 
vironmental fluctuations. For this 
reason, the ponds are usually situ- 
ated in areas with stable climatic 
conditions. The open nature of the 
ponds not only allows the possibil- 
ity of chemical and biological con- 
tamination from nonalgal sources, 
but prevents the growth of many 

microalgae in such systems because 
they are not competitive with mi- 
croalgal "weed" species borne by 
aerial contamination. 

The reason for the successes 
with Spirulina and Dunaliella is 
that these species are vigorous un- 
der conditions of high alkalinity 
(pH>10) and high salt (>2M NaC1), 
respectively. Chlorella, on the other 
hand, is so vigorous in fresh water 

vation offers several unique advan- 
tages that  make it preferable to 
open ponds for commercial-scale pro- 
duction in many cases. 

Such systems have regulatable 
illumination for up to 24 hours a 
day rather than a variable 8 to 12 
hours of sunlight impinging on the 
ponds. Culture depth or optical 
pathlength in a photobioreactor can 
be kept to a minimum (1-3 cm) with- 

The antithesis of the open pond is the elec- 
tric light-driven photobioreactor. 

under neutral pH that it is unlikely 
any weed species could compete un- 
der these conditions. In fact, no 
matter what species is inoculated 
in such a pond, the arrival of air- 
borne ChloreUa usually results in 
a full-scale Chlorella bloom. How- 
ever, since other algal species are 
known to bloom under certain con- 
ditions in the wild (e.g., the red 
tide of Gonyaulax, or diatom, 
blooms in waste treatment plants), 
we can be encouraged; if the exact 
conditions leading to the bloom are 
understood, they can be used to 
establish a successful open-pond cul- 
tivation system. 

Such studies are currently un- 
der way, sponsored by both the pub- 
lic and private sectors. A biotech- 
nological alternative to increasing 
species' competitiveness involves 
the genetic modification of a mi- 
croalgal strain establishing a resis- 
tance to some compounds (i.e., cer- 
tain metals, salts or herbicides) 
which is toxic to contaminating spe- 
cies. Although this line of research 
is being investigated, no such bio- 
engineered strains are presently in 
commercial use. 

The antithesis of the open pond 
is the electric light-driven photo- 
bioreactor. Such a system is capi- 
tal intensive, bears high operating 
costs in terms of electricity and is 
more appropriately used for the pro- 
duction of high-value products. 
This strategy for microalgal culti- 

out fear of evaporation. (Ponds de- 
pend on evaporation for cooling and 
a certain depth is required to not 
endanger the pond's conditional 
status.) The shorter optical path 
allows a ten- to hundred-fold im- 
provement in biomass density over 
the open ponds before light com- 
pensation is reached (i.e., the point 
at which photosynthesis equals res- 
piration and there is no net increase 
in biomass). The higher cell den- 
sity results in reduced ha rves t ing  
volumes and reduced processing 
costs. Furthermore, the increased 
duration of illumination and a much 
tighter control of growth conditions 
result in much faster growth rates. 
Thus, in many cases, the greater 
productivity of a photobioreactor 
and the simplicity of downstream 
processing may more than justify 
the additional capital and operat- 
ing costs for the commercial pro- 
duction of a particular algal prod- 
uct. 

Between the two extremes (the 
low-technology open pond and the 
high-technology electrically driven 
photobioreactor)  is a middle 
ground--enclosed photobioreactors 
that  use sunlight as an energy 
source. These generally are tubu- 
lar in design. Pilot units up to 5000 
liters are currently being tested in 
Europe. A large-scale tubular unit 
in the United Kingdom is housed 
indoors for temperature control. I t  
is angled toward the sun for maxi- 
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mum light utilization and can be 
supplemented with artificial light- 
ing at night. A horizontal outdoor 
tubular unit in France is raised or 
lowered into an outdoor pond for 
temperature control. 

Such systems have both the op- 
erational advantage of the con- 
trolled photobioreactor (as well as 
a high capital investment) and the 
reduced energy costs of the ponds 

and fluorescence. Consequently, 
they can be used as cosmetic pig- 
ments. Overall, this represents a 
small specialty market; although 
these pigments can be obtained 
from Spirulina cultivated in open 
ponds, there may be interest in ge- 
net ical ly engineered organisms 
with altered pigments. Using pat- 
entable strains, a developer can eas- 
ily protect his invention. 

One future market application for 
microalgae might be in the production 
of specialty lipids. 

(because they use sunlight for en- 
ergy). Consequently, the choice of 
microalgal culture geometry for com- 
mercial-scale production will de- 
pend on the value of the product 
and the culture requirements of the 
organism itself. 

Market niche for microalgae 
There are only a few examples of 
microalgal cultivation that have led 
to commercial application. As noted 
before, Spirulina has been--and con- 
tinues to be--produced in quantity 
for sale to the health food indus- 
try. This is a relatively small and 
variable market. On the other hand, 
13-carotene represents a very large 
market, but currently its produc- 
tion in large open ponds using Dun- 
alieUa is not competitive with the 
chemical synthesis. Given the per- 
ception of being a value-added, 
"natural" source (i.e., at least two 
times the value of the synthetic 
13-carotene), an efficiently run pond 
with no major losses should be able 
to operate profitably. However, it 
should be remembered that the mar- 
ket for the "natural" ~-carotene is 
only a small fraction of the total 
market in the U.S. 

Other pigments such as phyco- 
cyanin and phycoerythrin are pro- 
duced by cyanobacteria {i.e., Spirul- 
ina) and have recently been used 
as fluorescent labeling agents. They 
are proteinaceous in structure and 
exhibit a high extinction coefficient 

One future market application 
for microalgae might be in the 
production of specialty lipids. For 
example, the omega-3 fatty acids, 
found in the oils of certain cold- 
water marine fish and thought to 
be responsible for the reduced inci- 
dence of coronary heart disease in 
populations which consume large 
quantities of fish, likely originate 
from the phy top lank ton  in the 
food chain. Indeed, many of 
these phytoplankton species are 
found to be rich in reserves of oil 
conta ining various amounts  of 
eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). 

The commercialization of this 
concept will depend on its competi- 
tiveness with fish oil as a source 
of these fa t ty  acids. Commercial 
success of this concept will require 
improving the fat and EPA con- 
tents of the microalgae themselves 
{i.e., selecting overproducing 
clones}, reducing the cultivation 
costs, exploiting the added value 
of a controlled production process 
(compared to harvesting fish), and 
developing a higher quality oil con- 
taining large amounts of a single 
bioactive fatty acid (as compared 
with fish oils which contain a mix- 
ture of many metabolically active 
fat ty acids). Without genetic im- 
provement, it is unlikely that  any 
EPA-containing product will be pro- 
duced from microalgae that is com- 
petitive with refined, deodorized 

fish oils for food or pharmaceutical 
use. This fact itself may rule out 
the possibility of using open ponds 
for cultivation unless the competi- 
tiveness of the genetically modi- 
fied clone can be enhanced by in- 
serting a resistance factor as de- 
scribed previously. 

As an alternative, we might con- 
sider a fermentation-like approach 
using algal strains capable of hetero- 
trophic growth. Such systems have 
been commercialized in the United 
Kingdom for the production of spe- 
cialty oils (containing gamma lino- 
lenic acid} using fungi. If using 
very low-cost carbon sources, 
conventional fermentation technol- 
ogy and heterotrophic algal strains 
results in production costs approach- 
ing those of refined fish oils, then 
the production of "designer" EPA- 
and/or DHA-containing oils by 
microalgae could be commercially 
feasible. 

Exploiting autotrophy in mi- 
croalgae as a method of producing 
labeled biochemicals has been used 
for many years. This involves 
the subs t i tu t ion  of t r i t i a t ed  
water(3H20) for IH20 or 14CO2 for 
12C02 and results in the production 
of radioactively labeled cells which 
can then be used for the isolation 
and purification of various labeled 
biochemicals. The recent growing 
interest in stable isotopically la- 
beled biochemicals as replacements 
for their radioactively labeled coun- 
terparts has resulted in the use of 
the same strategy with the sub- 
stitution of heavy water (D20) or 
13CO2. In these l a t t e r  cases, one 
can produce enrichment levels up 
to 100% depending on the isotope 
enrichment of the culture medium. 
These specialty biochemicals have 
a very high value (>$200/g) and are 
generally manufactured in small 
quantities. Consequently, the elec- 
tric light-driven photobioreactor 
is the culture method of choice. 
Uses of these stable isotopically 
labeled compounds include pro- 
duct ion of very high s tab i l i ty  
deuterated lubricants, a labeled 
nu t r ien t  medium in which to 
grow cells for metabolite or recom- 
binant  protein s t ruc ture  deter- 
mination using NMR, new NMR 
imaging applications, and diagnos- 
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tic breath tests in the clinical set- 
ting. 

The future 
Where is this new technology 
headed? It is clear that the market 
for stable isotopically labeled bio- 
chemicals is increasing, and the 
most  economically a t t r ac t ive  
sources of the 13C- and 2H-labeled 
compounds are autotrophic micro- 
algae. I t  appears  unlikely tha t  
production concepts other than 
us ing microalgae will be used  
in the near future for this mar- 
ket. If diagnostic tests  are de- 
veloped using these compounds, 
the market will increase dramati- 
cally. 

On the other hand, markets 
for " n a t u r a l "  /3-carotene and 
Spirulina are dependent  on 
consumer perception of value in 
a "natural" product; demand is 
unlikely to increase significantly 
in the near term unless pro- 
duction costs can be reduced. 

The importance of microalgae 
as an alternative source of omega- 
3 fatty acids will become more sig- 
nificant as these products find their 
way into the food industry. Micro- 
algae can provide a "designer oil" 
specially tailored to the food in- 
dustry. Also, based on the assump- 
tion that at least 1% of our daily 
fat intake should be in the form of 
EPA {the consensus reached at the 
AOCS Short Course on Polyunsatu- 
rated Fat ty  Acids and Eicosanoids, 
held in Biloxi in 1987}, there sim- 
ply is not enough fish oil available 
to meet future demand. In this 
case, commercial-scale production 
of E PA from microalgae may 
become more attractive economi- 
cally. 

Finally, let's return to my origi- 
nal s t a t emen t  about  the "un- 
tapped" resource of bioactive com- 
pounds.  Screening of b ioact ive  
agents from any microorganism is 
always risky, but the payback is 
very large. As we begin to see 
more of the microalgal  species 
screened as potent ia l  antiviral,  
ant iAIDS,  ant ibiot ic  and other  
b ioact ive  agents ,  we may see 
the appearance of more uses for 
the microalgal industry. This may 
lead to the realization that micro- 

algae are indeed only a somewhat 
unconventional type of microorgan- 
ism. 

Biotech update 
The following items of relevance 
to biotechnology and the fats and 
oils industry are provided for in- 
formational purposes. J.B.M. Rat- 
tray, Associate Editor for JAOCS 
News for Biotechnology, compiled 
this listing. 

Conferences, meetings 
3rd Annual Seminar on Analytical 

Biotechnology,  May 22-25,  
1989, Baltimore, Maryland. In- 
formation: Janet  Cunningham, 
Barr Enterprises, PO Box 279, 
Walkersville, MD 21793. 

7th Annual DECHEMA Meeting 
of Biotechnologists, May 30- 
31, 1989, Frankfurt  am Main, 
West  Germany.  Informat ion:  
D E C H E M A ,  Abt.  Tagungen,  
Postfach 97 01 46, D-6000 Frank- 
furt am Main 97, West Germany. 

First Eurolipid Congress, June 7- 
9, 1989, Angers, France. Infor- 
mation: French Association for 
the Study of Fats (AFECG}, 10A 
rue de la Paix, 75002, Paris, 
France. 

4th European Conference on Indus- 
trial Biotechnology, June 12- 
14, 1989, Varese, Italy. Infor- 
mation: Sergio Merli, Farmitalia 
Carlo Erba 35, Via Dei Gracchi 
35, 20146, Milan, Italy. 

The 1989 ASM Conference on Bio- 
technology,  June 22-25, 1989, 
Orlando, Florida. Contact: ASM 
Meetings, 1913 Eye St., NW, 
Washington, DC 20006. 

Progress  in Recombinant  DNA 
Technology and Applications, 
June 25-30, 1989, St. Charles, 
Missouri. Information: Washing- 
ton University Biotechnology 
Course, Campus Box 1198, St. 
Louis, MO 63130. 

International Conference on Bio- 
technology, July 5-7, 1989, Bei- 
jing, People's Republic of China. 
Information: Secretariat, Chi- 
nese Society for Microbiology, 
Zhongguancun, Haidian 10080, 
Beijing, People's Republic of 
China. 

Annual Meeting of Society for In- 
dustrial Microbiology, Aug. 13- 
18, 1989, Seattle, Washington. 
Information: Ann Kulback, So- 
ciety for Industrial Microbiol- 
ogy, PO Box 12534, Arlington, 
VA 22209-8534. 

Biotechnology: Principles and Proc- 
esses, Aug. 14-18, 1989, Cam- 
bridge, Massachusetts. Informa- 
tion: Director of Summer Ses- 
sion, MIT, Room E-19-356, Cam- 
bridge, MA 02139. 

Biochemical Engineering Summer 
Course, Sept. 4-8, 1989, London, 
United Kingdom. Information: 
Lynne Mason, Department  of 
Chemical and Biochemical Engi- 
neering, University College Lon- 
don, Torrington Place, London, 
WC1E 7JE, UK. 

Indust r ia l  Bioprocess ing  Short  
Course, Sept. 24-28, 1989, Colo- 
rado. Contact: Bruce Dale, De- 
partment of Chemical Engineer- 
ing, Texas A&M University, Col- 
lege Station, TX 77843. 

AchemAsia '89, Oct. 11-17, 1989, 
Beijing, People's Republic of 
China. Contact: DECHEMA, Or- 
ganization AchemAsia, Postfach 
97 01 46, D-6000, Frankfurt am 
Main 97, West Germany. 

International Biotechnology Expo- 
sition, Oct. 24-26, 1989, San 
Mateo, California. Information: 
Linda H. Cartlidge, Cartlidge & 
Associates Inc., 3097 Moorpark 
Ave., Suite 202, San Jose, CA 
95128. 

Cell Culture Engineering II, Dec. 
10-15, 1989, Santa Barbara, Cali- 
fornia. Contact :  Engineer ing  
Foundation, 345 E. 47th St., 
New York, NY 10017. 

Books 
Plant Biotechnology, edited by S. 

Kung and C.T. Arntzen, Butter- 
worth,  Stoneham, Massachu-  
setts, 1988. 

Molecular Biology and Biotech- 
nology, 2nd Edition, edited by 
J.M. Walker and E.B. Gingold, 
Royal Society of Chemistry, Not- 
tingham, United Kingdom, 1988. 

Micro-Algal Biotechnology, by 
M.A. Borowi tzka  and L.J .  
Borowitzka,  Cambridge  Uni- 
vers i ty  Press,  Cambridge  

(Continued on next page) 
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(United Kingdom} and New 
York, 1988. 

Microbial Technology in the 
Developing World, by E.J. 
DaSilva, Y.R. Dommergues, E.J. 
Nyns and C. Ratledge, Oxford 
Univers i ty  Press ,  Oxford 
(United Kingdom} and New 
York, 1988. 

Journal articles 
Archambault, J., B. Volesky and 

W.G.W. Kurz, Biotechnol. Bio- 
engin. 33:293 (1989}, Surface Im- 
mobilization of Plant Cells. 

Szak~cs-Dobozi, M., A. Hal~sz, E. 
Kozma-Kov~cs and G. Szak~cs, 
Appl. Microbiol. Biotechnol. 
29:39 (1988}, Enhancement of 
Mustard Oil Yield by Cellulolytic 
Treatment. 

Whipkey, A., J.E. Simon and J. 
Janick, J. Am. Oil Chem. Soc. 
65:679 (1988}, In Vivo and In 
Vitro Lipid Accumulation in Bo- 
rago officinalis L. 

Matsuzaki ,  T., S. Iwai and A. 
Koiwai, Agric. Biol. Chem. 
52:1283 (1988}, Effects of Tem- 
perature on Seed Fatty Acid Com- 
position in Ovary Culture of To- 
bacco. 

Ishida, B.K., Plant Cell Rep. 7.'270 
(1988}, Improved Diosgenin Pro- 
duction in Dioscorea deltoidea 
Cell Cultures by Immobilization 
in Polyurethane Foam. 

Tuominen, U., L. Toivonen, V. Kaup- 
pinen, P. Markkanen  and L. 
BjSrk, Biotechnol. Bioengin. 
33:558 (1988}, Studies on Growth 
and Cardenolide Production of 
Digitalis lanata Tissue Cultures. 

Turcotte, G., and N. Kosaric, J. 
Biotechnol. 8:221 (1988}, Biosyn- 
thesis of Lipids by Rhodospo- 
ridium toruloides ATCC 10788. 

Ykema, A., E.C. Verbree, M.M. 
Kater and H. Smit, Appl. Micro- 
biol. Biotechnol. 29:211 I1988), 
Optimization of Lipid Produc- 
tion in the Oleaginous Yeast 
Apiotricum curvature in Whey 
Permeate. 

Galanina, L.A., E.V. Agapova and 
M.N. Bekhtereva, Mikrobiolo- 
giya 57:52 (1988}, Changes in the 
Rate of Lipid Synthesis and in 
the Content  of Unsa tu r a t ed  
Fat ty  Acids at a Different C/N 
Ratio in the Medium. 

Sajbidor,  J., M. Cert ik  and S. 
Dobronova,  Biotechnol. Lett.  
10:347 (1988}, Influence of Dif- 
ferent  Carbon Sources on 
Growth,  Lipid Content  and 
Fat ty  Acid Composition in Four 
Strains Belonging to Mucorales. 

Radwan, S.S., and A.H. Soliman, 
J. Gen. Microbiol. 134:387 (1988}, 
Arachidonic Acid from Fungi 
Util izing F a t t y  Acids with 
Shorter Chains as Sole Sources 
of Carbon and Energy. 

Siew-moi, P., and O. Kim-Chong, 
Biol. Wastes 25:177 (1988}, Al- 
gal Biomass Production in Di- 
gested Palm Oil Mill Effluent. 

Lee, Y.K., and H.M. Tan, J. Appl. 
Microbiol. Biotechnol. 4:231 
(1988}, Effect of Temperature, 
Light Intensity and Dilution 
Rate on the Cellular Composi- 
tion of Red Alga Porphyridium 
cruentum in Light-limited Che- 
mostat Cultures. 

Becker, E.W., Seifen Oele Fette 
Wachse. 144:497 (1988}, Natu- 
ral Carotene from the Green 
Alga Dunaliella salina~ 

Nonomura, A.M., and D.M. Coder, 
Biocatalysis 1:333 (1988}, Im- 
proved Phycocatalysis of Caro- 
tene Production by Flow Cy- 
tometry and Cell Sorting. 

Cox, J., D. Kyle, R. Radmer and 
J. Delente, Trends Biotechnol. 
6:279 {1988}, Stable-isotope- 
labeled Biochemicals from Mi- 
croalgae. 

Miyamoto, K., O. Wable and J.R. 
Benemann,  Biotechnol. Lett. 
10:703 {1988}, Vertical Tubular 
Reactor for Microalgae Cultiva- 
tion. 

Arnau, J. A. Ortiz, J.C. Gomez- 
Fernandez, F.J. Murillo and S. 
Torres-Martinez, FEMS Micro- 
biol. Lett. 51:37 (1988}, Liposome- 
protoplast Fusion in Phycomy- 
ces blakesleeanus. 

Persson, A., E. 0sterberg and M. 
Dostalek, Appl. Microbiol. Bio- 
technol. 29:1 {1988}, Biosurfac- 
tan t  Product ion  by Pseudo- 
monas fluorescens 378: Growth 
and Product Characteristics. 

Khmelni tsky,  Yu L., A.V. 
Lavashov, N.L. Klyachko and K. 
Martinek, Enzyme Microb. Tech- 
nol. 10:710 {1988), Engineering 
Biocatalytic Systems in Organic 

Media with Low Water Content 
(a review}. 

Castro, M.J.M., and J.M.S. Cabral, 
Biotechnol. Adv. 6:151 (1988}, Re- 
versed Micelles in Biotechnolo- 
gical Processes. 

Chi, Y.M., K. Nakamura and T. 
Yano, Agric. Biol. Chem. 52:1541 
{1988), Enzymic Interesterifica- 
tion in Supercritical Carbon Di- 
oxide. 

Bar, R., Trends Biotechnol. 6:1 
{1988), Liposomal Solution for 
Microbial Catalysis in Organic 
Solvents. 

Bevinakatti, H.S., and A.A. Ban- 
erji, Biotechnol. Lett.  10:397 
(1988}, Lipase Catalysis: Factors 
Governing Transesterification. 

Sonnet, P.E., J. Am. Oil Chem. Soc. 
65:900 11988), Lipase Selectivi- 
ties. 

Huge-Jensen, B., D.R. Galluzzo and 
R.G. Jensen, J. Am. Oil Chem. 
Soc. 65:905 (1988}, Studies on 
Free and Immobilized Lipases 
from Mucor miehei. 

Sztajer, H., and E. Zboinska, Acta 
Biotechnol. 8:169 11988}, Micro- 
bial Lipases in Biotechnology. 

Sztajer, H., I. Maliszewska and J. 
Wieczorek, Enzyme Microb. Tech- 
nol. I0:492 {1988}, Production of 
Exogeneous Lipases by Bacte- 
ria, Fungi and Actinomycetes. 

Kawase, M., and A. Tanaka, Bio- 
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